[image: image1]Analysis on phase distribution and flow field morphology in double side blown gas-liquid mixture flows with high temperature and high density melt

		ORIGINAL RESEARCH
published: 14 April 2023
doi: 10.3389/fenrg.2023.1175875


[image: image2]
Analysis on phase distribution and flow field morphology in double side blown gas-liquid mixture flows with high temperature and high density melt
Xudong Wu1,2, Shibo Wang1,2*, Jianhang Hu1,2, Hua Wang1,2, Qingtai Xiao1,2, Ge Deng3 and Dongbo Li3
1State Key Laboratory of Complex Nonferrous Metal Resources Clean Utilization, Kunming University of Science and Technology, Kunming, Yunnan, China
2Engineering Research Center of Metallurgical Energy Conservation and Emission Reduction, Ministry of Education, Kunming University of Science and Technology, Kunming, Yunnan, China
3Southwest Copper Branch of Yunnan Copper Co., Ltd., Kunming, Yunnan, China
Edited by:
Xiaohu Yang, Xi’an Jiaotong University, China
Reviewed by:
Fangyang Yuan, Jiangnan University, China
Liu Liu, Central South University, China
* Correspondence: Shibo Wang, ph.d.wangshibo@foxmail.com
Received: 28 February 2023
Accepted: 06 April 2023
Published: 14 April 2023
Citation: Wu X, Wang S, Hu J, Wang H, Xiao Q, Deng G and Li D (2023) Analysis on phase distribution and flow field morphology in double side blown gas-liquid mixture flows with high temperature and high density melt. Front. Energy Res. 11:1175875. doi: 10.3389/fenrg.2023.1175875

In view of the gas-liquid two-phase flow process in the oxygen-enriched side-blown molten pool, the phase distribution and manifold evolution in the side-blown furnace under different working conditions are studied. Based on the hydrodynamics characteristics in the side-blown furnace, a multiphase interface mechanism model of copper oxygen-enriched side-blown bath melting was established. The results show that the existence of slag baffle makes the velocity distribution range of melting mixing zone wider, the mixing range of melt wider, the mixing effect better, and the role of melting zone strengthened. The average speed of case MY in the melting zone is the highest, nearly 5.2% higher than that of case EY, and 16.7% higher than that of case EN. Compared with the average turbulent kinetic energy in the melting zone, case MY has a significant advantage of 2.635 m2/s2, which is increased by 47%, 34%, and 14% respectively compared with case EN, case EY, and case MN.
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1 INTRODUCTION
Oxygen enrichment Molten Pool melting process, originated from Vanukov smelting process, has many advantages, including strong suitability of raw material, cheap capital cost, stable production and low energy consumption. During the smelting process, the copper concentrate is continuously put into the molten pool from the feeding port on the top of the furnace, and the oxygen-rich air is continuously drummed into the slag layer through the tuyeres on both sides, and provides stirring kinetic energy for the melt (Zhong et al., 2010a; Zhou et al., 2015; Liu et al., 2018). In recent years, with rising demand for copper products, the amount of copper necessary to meet demand rises year after year, and the copper feed concentrate quantity of side-blown smelting furnaces has also increased. In fact, the large-scale side-blown smelting furnace poses a great challenge to the existing smelting equipment and operation process. The extension of the furnace body leads to the uneven momentum transfer of the molten pool, the instability of the convection of copper matte and copper slag, and the insufficient clarification of the slag matte separation in the slag chamber. Therefore, it is of great significance to study the basic characteristics of high-speed gas side-blown jet and the phenomenon of momentum, mass and energy transfer during its injection process. Many studies on the thermodynamics and reaction kinetics of the Molten Pool melting process have been carried out in related fields; however, there are limited studies on phase distribution and manifold evolution in flow field (Chen et al., 2015; Chen et al., 2020), which are also essential and need to be studied in detail.
The phase distribution and manifold evolution in molten pool melting process are difficult to observe, because of the high temperature and chemical reactions in the metallurgical furnace. In order to understand the distribution of flow field, temperature field and concentration field in the furnace and the influence of gas jet on the stability of the molten pool, many scholars have studied it by means of water model experiment. Zhong et al. (2010b) compared the mixing time of the molten bath with separate side-blown gas flows, indicating that there was a critical value for the side-blown gas flow rate. When the gas flow rate is lower than the critical value, the mixing time decreases significantly with the increase of side blowing gas flow rate. Cheng et al. (2014); Zhou et al. (2016) recorded the gas side-blown flow process by high-speed camera, and systematically studied the influence of gas flow rate, liquid viscosity, and nozzle diameter on the bubble departure frequency and gas penetration depth. The SBS process was innovatively analyzed using the flow field distribution in different regions within the water model by Xiao et al. (2023). Liu et al. (2017) studied the variation of the penetration behavior of the side blowing gas in the liquid by employing the imaging technique, and established a more reliable trajectory model to describe the immersed side-blown gas jet in the liquid based on the force of a single bubble.
Water and air are the principal materials to mimic the melt and the oxygen-containing gas, respectively (Zhao et al., 2019; Li et al., 2020; Rodrigues Hendy et al., 2021). The hydrodynamics analysis of the side-blown vortex smelting reduction reactor by the water model experiment helps to study the effect of operating parameters such as nozzle diameter, the number of lances, and total gas flow rate on the local bubble characteristics and gas–liquid interaction. However, the water model experiment also has many disadvantages, such as large experimental error, poor continuity of extraction results, difficult operation under thermal conditions (Obiso et al., 2019; Obiso et al., 2020).
With the development of computer technology, numerical simulation provides a new method to study fluid flow in metallurgical process. Some scholars use the VOF model to simulate the flow of air mass, and believe that the air mass is deformable and can simulate the free surface of the air mass (Rabha and Buwa, 2010; Xiaolong and Enhua, 2010; Yan et al., 2014). The experimental results show that the VOF model can be utilized to predict and characterize the formation of impact pits and the fluctuation of the liquid surface, and it has excellent performance in predicting the breakup of gas jet and the trajectory of large bubbles in fluid. Liu et al. (Yan-ting et al., 2020). used three different turbulence models for the simulation of the turbulent gas−liquid flow in the container, calculated the jet penetration depth and surface fluctuation height of the nozzle axis under different models, and compared with the experimental results. They found that the numerical results with the realizable k-ε turbulence model were the closest to the experiment.
In the copper industry, the multiphase flow parameters of high temperature fluid in furnace are not only related to the efficiency of metallurgical reaction, but also determine the safe service life of metallurgical furnace. Xiao et al. (2021) simulated the gas-slag-matte three-phase flow in the side-blown furnace, and proposed three improved gas injection methods to improve the flow field of the weak-loop zone in the center of the molten bath. Of these methods, the oblique injection mode showed the best improvement effect. The kinetic energy of the injected gas is more used to stir the molten pool than to form large bubbles to cause splashing.
In the above work, there are few studies on the multiphase flow process in the side-blown bath smelting process, and mainly focus on the distribution and improvement of the spray gun, which cannot solve the problems brought about by the large-scale side-blown furnace. In addition, in many numerical simulation studies, in order to simplify the experimental device, researchers usually only set a pair of nozzles, ignoring the slag chamber and slag discharge port. This scheme which does not contribute to the design optimization of side-blown furnace, does not observe the interaction between gas jets. In this paper, the multiphase flow in side-blown furnace is simulated by numerical simulation, and the phase distribution and manifold evolution in side-blown furnace under different conditions are analyzed. Combined with the hydrodynamic characteristics in the side-blown furnace, a multiphase interface mechanism model of copper oxygen-rich side-blown bath smelting was established. The structure of side—blown furnace was optimized by comparing the influence of installation position of slag discharge chamber on the stability of slag layer and matte layer.
2 MODEL ESTABLISHMENT
2.1 Geometry and mesh model
Figure 1 shows the geometry of an oxygen-enriched side-blown furnace with a size of 7.5 × 4 × 6.75 m, which can be roughly divided into three regions: the upper flue gas region, the middle slag phase region and the bottom metal phase region. In order to accurately simulate the flow phenomenon in the furnace and reduce unnecessary interference factors, the physical model was simplified during the research process. The two-phase flow process in the region below the slag liquid level in the furnace is the core content of the study, and it is not necessary to pay attention to the top flue gas flow. Therefore, the flue gas baffle and secondary air outlet are ignored. Because the nozzle in the distance has little impact on the flow field in the settling zone, only six pairs of nozzles and a slag chamber were included in the computational area. The specific structure and size are shown in Figure 2A. The overflow port is set on the wall of the slag chamber, which is connected with the external overflow tank through the flow channel to consider the difference between the middle slag discharge and the end slag discharge. The round nozzle was equivalent to a square according to the nozzle cross-sectional region to improve the mesh quality of the joint between the nozzle and the furnace wall. Due to the irregular shape of the calculation area, the mesh structure of the whole calculation area is hexahedron/wedge mesh structure, as shown in Figure 2B.
[image: Figure 1]FIGURE 1 | Schematic diagram of oxygen-enriched side-blown furnace body structure.
[image: Figure 2]FIGURE 2 | Physical model and mesh division of numerical simulation. Physical model (A) and mesh division (B) of numerical simulation.
The following simplifications and assumptions are adopted in this study:
1. Ignore the chemical reactions occurring in the molten pool of the side-blown furnace,
2. Furnace feeding, slag and other factors are not considered.
2.2 Mathematical model of the gas-liquid flows
The side-blown bath smelting process involves gas–slag–matte three-phase flow, and the interfacial phenomenon was numerically simulated by the VOF multiphase model coupled to the realizable [image: image] turbulence model. The Navier–Stokes equation was solved by setting the gas phase as the primary phase, while the slag, and matte phases were set as the secondary phases.
2.2.1 Transport equations
The phase interface between multiphases is traced by solving the continuity equation of multiphase volume fraction. For the [image: image] phase, the equation has the following form:
[image: image]
In the formula, [image: image] is the volume fraction of the [image: image] phase, [image: image] is the density of the [image: image] phase, [image: image] is the velocity of fluid, [image: image] is the source phase.
In the VOF model, the velocity field is obtained by solving a single momentum equation in the entire region, and the velocity field is shared by the phases as a calculation result. The momentum equation depends on the [image: image] and [image: image] obtained based on the volume fraction of all phases in the control volume.
[image: image]
In the formula, [image: image] is the density of the fluid, [image: image] is the velocity of the fluid, [image: image] is the viscosity of the fluid, [image: image] is the volume force.
In the VOF model, the energy equation is expressed as follows:
[image: image]
[image: image]
In the formula, [image: image] is calculated by the specific heat capacity of the [image: image] phase and the shared temperature [image: image], [image: image] is effective heat conduction, and the source term [image: image] contains radiation and other volumetric heat sources.
For multiphase systems, all properties are calculated based on the average volume fraction. The expressions of density and viscosity are:
[image: image]
[image: image]
2.2.2 Turbulence model
The Realizable [image: image] turbulence model has obvious advantages in solving the flow with secondary flow.
The turbulent kinetic energy [image: image] is given by:
[image: image]
The turbulent energy dissipation rate [image: image] is given by
[image: image]
where [image: image] is the turbulent viscosity and can be calculated as:
[image: image]
and
[image: image]
where [image: image] is the modulus of the mean rate-of-strain tensor, [image: image] is the generation of turbulence kinetic energy due to the mean velocity gradients, [image: image] is an empirical constant with a value of 1.9, and [image: image] and [image: image] are the turbulent Prandtl numbers for [image: image] and [image: image], respectively, with the values of 1.0 and 1.2, respectively.
2.3 Physical parameters and boundary conditions
The main physical parameters used in the simulation calculation are shown in Table 1. The gas phase was oxygen-enriched air with oxygen content of 85%, which is set as incompressible ideal gas. The physical parameters of slag and copper matte under high temperature melting state were provided by the copper smeltery. Under the initial conditions of numerical simulation, the temperature of the melt phase was 1,573.15 K, and the temperature of the primary air inlet flow was 293.15 K.
TABLE 1 | Main physical parameters.
[image: Table 1]The nozzles were set to the velocity–inlet boundary condition. The flow velocity at the nozzle was 163.5 m/s, and the turbulence intensity was calculated to be 3.16% according to the flow velocity and hydraulic diameter. The pressure–outlet boundary condition was used at the top outlet of the exhaust gas and the slag overflow channel, and the pressures were set as −10 and 0 Pa, respectively.
Pressure-velocity coupling was implemented with SIMPLE algorithm, and the governing equations of continuity, momentum, and turbulence were governed by a second-order upwind difference scheme. All the residuals were converged to 10–3, the time step was set to 10–4, and the Courant number range is within 1.0–2.1.
In order to verify the independence of the mesh, the time required for the first batch of bubbles to reach the liquid level in side-blown furnace was taken as the research object, and models with different mesh numbers were simulated.
As shown in Figure 3, there is still a significant deviation between the simulation results with the mesh number of 1.5 million and 2 million, but the results after 2 million meshs are basically consistent, approaching 0.792 s. Based on the above results, the number of meshs is finally determined to be 2 million, which can not only ensure the mesh quality, but also improve the efficiency of simulation calculation.
[image: Figure 3]FIGURE 3 | Mesh independence study.
2.4 Model verification
The water model experimental verification platform built in this study is shown in Figure 4. The main experimental instruments include: controller, air compressor, gas storage tank, flowmeter, high-speed camera, and side-blown furnace. According to the modifying Froude number, when the industrial speed is 163.5 m/s, the corresponding water model gas flow rate is 8 L/min.
[image: Figure 4]FIGURE 4 | Side-blown furnace water model test platform.
The mixing and stirring of gas-liquid two-phase flow in side-blown furnace water model test device was photographed by high-speed camera. As shown in Figure 5, the captured images are compared with the simulation results. In Figures 5A, B, the gas expands in the horizontal direction. In Figures 5C, D, As the bubbles rise along the furnace wall, the pressure distribution inside the bubbles is uneven, resulting in a cap shaped overall shape. In Figures 5E, F, the gas no longer polymerizes to form large bubbles, presenting a columnar structure as a whole. The bubble motion behavior captured by the water model experiment is consistent with the results of numerical simulation, which verifies the reliability of the water model, and also confirms the accuracy and feasibility of a series of solving methods adopted by the mathematical model established in the numerical simulation.
[image: Figure 5]FIGURE 5 | Comparison of jet pattern in the simulation and experiment.
In addition, the dimensionless distance which was calculated according to Eq. 11 is another basis to verify the accuracy of the model.
[image: image]
where [image: image] is the dimensionless distance, [image: image] is the distance from the velocity vanishing point on the horizontal line of the center of the side blowing nozzle to the center of the nozzle, [image: image] is the nozzle diameter.
In the process of gas-liquid two-phase side-blown, the dimensionless distance is 10–20 when the velocity basically disappears (Zhu et al., 2022). In the simulation results, when the dimensionless distance is 12.8, the forward velocity on the nozzle shaft basically disappears, which is consistent with the experimental conclusion.
In summary, the consistency between prediction and measurement is considered good.
3 RESULTS AND DISCUSSION
In the side-blown smelting process, intense chemical reactions occur among multiple components in the furnace. The mineral material and oxygen produce a violent stirring effect on the melt to achieve rapid mixing and redox reaction. In order to intuitively understand the mechanism of side-blown smelting process, a multiphase interface mechanism model of copper oxygen-rich side-blown bath smelting was established on the basis of SKS process mechanism (Wang et al., 2017) by combining the hydrodynamic characteristics in the side-blown furnace with the thermodynamics of copper metallurgical process, as shown in Figure 6.
[image: Figure 6]FIGURE 6 | Mechanism model of oxygen side blowing copper smelting.
In the model, the cross section of the furnace melting zone is divided into four main layers from top to bottom and from outside to inside, which are flue gas layer, mineral decomposition transition layer, slag layer and copper matte layer. The slag layer is subdivided into slag layer and slag formation transition layer, copper matte layer can be subdivided into matte transition layer, strong oxide layer and weak oxide layer. These layers and regions play different roles in the smelting process.
In the matte transition layer, due to the influence of high temperature, the affinity of Cu for sulfur is greater than that of iron, while the affinity of iron for oxygen is greater than that of copper, so the following reactions can occur:
[image: image]
According to current thermodynamic viewpoints, it can be considered that the differences in oxygen potential and sulfur potential between different melts in the copper melting process promote the occurrence of chemical reactions and promote the development of the melting process.
Combined with the mechanism model and the furnace structure, it can be seen that the matte transition layer is located near the matte slag interface and above and below the horizontal line of the side-blowing gun jet inlet. By stirring the matte transition layer with gas, the partial pressure of the reactants can be greatly enhanced, the chemical reaction can be carried out normally, and the smelting efficiency can be improved.
In this study, a new structure of side-blown furnace was proposed. The slag chamber at the end of the furnace was retrofitted in the middle, and the molten pool was partitioned by slag baffle wall to convert a long smelting area into two short smelting areas. This design solves the problem of uneven momentum transfer caused by the long furnace body, and successfully realizes the dynamic strengthening smelting and static slag matte separation process in a furnace. As shown in Table 2, four different furnace types are proposed to study the phase distribution and flow pattern evolution in the stirring melting zone and the settling static zone during the side blowing process, and the influence of the installation position of the slag removal chamber on the stability of the slag layer and matte layer is obtained.
TABLE 2 | Design schemes of different furnace types.
[image: Table 2]3.1 Phase distribution
Gas holdup is an important parameter to characterize gas-liquid two-phase fluid mechanics, which has an important influence on gas-liquid contact area, reaction rate and other fluid mechanics parameters. Taking case EN as an example, the gas phase distribution in the stirring melting zone of a side blown furnace at 3 s was analyzed.
Figure 7A shows spatial distribution of the iso-surface of the volume fraction of gas phase (Vf = 0.05) of the smelting zone. It can be seen that the gas in the slag layer presents a bubble or gas column shape, and the diffusion degree is not large during the rising process.
[image: Figure 7]FIGURE 7 | Change curve of gas phase distribution (A) and gas phase volume fraction along the furnace length in the stirring zone of the molten pool (B).
As shown in Figure 7B, the distribution of the gas phase is mainly concentrated in the small area directly above the tuyere. The gas holdup in the stirring zone shows a distribution of high in the middle and low on both sides along the length of the furnace. The peak value appears on the cross section X = −5.22 m in the furnace length direction, which is located on the central axis of the fourth nozzle, and the gas holdup is 9.61%. The gas holdup fluctuates in the molten pool, which is related to the distribution of the nozzle. On the section near the nozzle, the gas holdup is larger, while on the section away from the nozzle, the gas holdup is smaller. In this case, the reaction intensity at the center of the molten pool will be more intense, and the two ends will be relatively weak. The continuous introduction of oxygen-rich air makes the gas in the molten pool always maintain this distribution. At the same time, if there is no baffle, some oxygen-rich gas may escape to the settling area, destroy the flow field balance in the settling area, and reduce the separation efficiency of slag matte.
As shown in Figure 8, the change trends of gas holdup along the furnace height direction under different cases are basically similar. The cross section at height Z = 1.1 m is located below the tuyere, so the gas content is low. The large kinetic energy of the high-speed jet entering the molten pool through the spray gun makes the bubble movement mainly horizontal penetration, so the longitudinal floating trend of the bubble is not obvious. The gas holdup reaches the first small peak on the cross section of Z = 1.2 m. When the bubble volume exceeds the maximum equilibrium value, the bubble begins to move obliquely upward under the combined action of inertia and buoyancy, and the gas holdup continues to decline in the height range of 1.2–1.5 m, reaching the bottom at a height of 1.5 m. The gas content in the upper layer of the slag layer above 1.5 m is significantly improved, which is due to the involvement of a part of the flue gas during the violent splashing. In addition, the gas holdups at each height for case EY and case MY are always higher than the results under case EN and case MN.
[image: Figure 8]FIGURE 8 | Variation curve of gas phase volume fraction along furnace height at 3 s under four cases.
Under the bubble flow mechanism, the bubble is greatly disturbed by the melt during the rising process, and it is easy to aggregate into a larger air mass under the action of the flow field. In this case, although the overall gas holdup of the melt is high, the stirring efficiency is poor. Therefore, the gas holdup cannot be used as a single standard to determine the mixing effect in the side-blown furnace.
3.2 Flow pattern evolution
As mentioned above, the stronger the agitating capacity of the slag layer, the better the partial pressure of matte reactants, the higher the probability of matte droplet collision, and the matte droplet agglomeration and enrichment to the bottom matte layer. For the fluid in the settling zone, the industrial requirement is not too much fluctuation, otherwise the static separation of the matte in the slag will be destroyed, and the matte phase in the slag will increase, resulting in copper loss.
Therefore, for the melting region, the higher velocity and turbulent kinetic energy are naturally pursued, while the sedimentation region wants to keep it in a static state.
In order to study the flow characteristics of the slag in the solution pool during the side-blown process, several sections are taken, as shown in Figure 9A, to observe the fluid velocity distribution on the sections at different heights.
[image: Figure 9]FIGURE 9 | Division of height sections (A) and distribution of velocity active and dead zones (B) at 3 seconds under four cases.
The region with a speed less than 0.01 m/s is defined as the speed dead zone, and the region with a speed greater than 0.4 m/s is defined as the speed active zone. As shown in Figure 9B, at the height of Z = 1.1 m (slag/matte interface), the dead zone area of working condition EY is the highest, accounting for 28.6%, and the dead zone area of working condition MY is the lowest, accounting for 2.8%, which is nearly 10 times the difference. As the height increases, the slag baffle begins to function. Since there are no baffle constraint, the kinetic energies of the smelting zone in case EN and case MN dissipate into the settling zone. There is no mixing dead zone in the flow field for the two cases. At a height of Z = 1.1 m, the melt is less affected by gas injection and is only slightly affected by the jet wake in a small area directly below the tuyere, and the proportions of velocity active zone are less than 6%. At the height of Z = 2.0 m, the active area of case MY accounted for the highest proportion of 31.5%. There is almost no low-speed region in the stirring smelting zone, indicating that the melt is disturbed violently here, thereby increasing the contact area between the airflow and the melt, which is conducive to the occurrence and progress of the reaction.
Figure 10 shows the variation curves of the average phase velocity (average areal velocity) at different heights along the furnace body under 4 cases at 3 s. The average velocities at each height for case EY and case MY are always higher than the results under case EN and case MN. At the height of Z = 1.2 m, the high-speed jet just enters the molten pool and contacts with the slag. Due to the resistance of the slag, the kinetic energy of the gas is converted into the potential energy of the melt flow, and the gas velocity decreases rapidly. There is only a peak here. Under the action of buoyancy, the gas jet diffuses into the upper space of the molten pool. As the height increases, the melt on the upper part of the slag layer is disturbed by rising bubbles and sputters, resulting in violent fluctuations. The average body velocity which is the average velocity of the entire slag phase can reflect the stirring effect in the evaluation region, as shown by the analysis results in Figure 11. The average speed of case MY in the smelting area is the highest among the four cases, which is nearly 5.2% higher than that of case EY and 16.7% higher than that of case EN. Due to the spacing effect of the baffle, the average velocity in the settling zone of case EY is reduced to 0.02039 m/s from 0.05832 m/s of case EN, which is reduced by about 65%. The flow is mainly concentrated in the smelting area, and the stirring effect of the jet is good, which effectively promotes the heat and mass transfer process between the two phases.
[image: Figure 10]FIGURE 10 | Variation curve of average phase velocity along the direction of furnace height at 3 s in four cases.
[image: Figure 11]FIGURE 11 | Comparison of average body velocity in melting zone and settling zone at 3 s in four cases.
Turbulent kinetic energy is common analogs of turbulent flow processes, which can characterize the intensity of turbulence. As shown in Figure 12, in the smelting zone, turbulent kinetic energy oscillates and fluctuates along the furnace length. The high-speed injection zone in the molten pool is formed around the rising path of the nozzle and the floating bubble, which is related to the distribution of the nozzle. After the high-speed jet is injected into the molten pool by the spray gun, the mixing between gas and slag increases the chaotic flow intensity in the furnace, thereby increasing the turbulent kinetic energy of the fluid. The interaction between the high-speed jet and the low-speed fluid causes the fluid on the boundary layer to be strongly sheared, resulting in many vortices. At the same time, the large-scale vortex will continue to split into small-scale vortices until it splits into the smallest-scale vortex. This transfer process promotes the heat and mass transfer and reaction process between multiphase fluids.
[image: Figure 12]FIGURE 12 | Variation curve of turbulent kinetic energy along the furnace length at 3 s under four cases.
The average turbulent kinetic energy and average turbulent dissipation rate can reflect the stirring effect in the evaluation region, as shown by the analysis results in Figure 13. Comparing the average turbulent kinetic energy in the smelting area, the case MY has a significant advantage of 2.635 m2/s2, which is increased by 47%, 34%, and 14% respectively compared with the case EN, case EY and case MN. Case MY is better enough to constrain the stirring momentum in the smelting stirring zone, so that the separation and clarification of the matte slag in the settling zone is more thorough, and the effect of the static and dynamic separation of the molten pool is realized.
[image: Figure 13]FIGURE 13 | Comparison of average turbulent kinetic energy in melting zone and settling zone at 3 s in four cases.
4 CONCLUSION
In view of a series of problems caused by furnace type enlargement, it is creatively proposed to transform the slag chamber on one side of the furnace into the middle.
The flow field in the side blown furnace was numerically simulated, and the stirring effect in the furnace under four different working conditions was compared. The following conclusions can be drawn from this study:
1 The mechanism model of side blowing smelting system was constructed. The model is divided into seven functional layers along the furnace height in the reaction zone, which play different roles in the smelting process.
2 If there is no baffle, some oxygen-rich gas may escape to the settling area, destroy the flow field balance in the settling area, and reduce the separation efficiency of slag matte.
3 The existence of slag baffle makes the speed distribution range in the smelting mixing zone wider, the mixing range of the melt is larger, the mixing effect is better, and the role of the smelting zone is strengthened. Due to the spacing effect of the baffle, the average velocity in the settling zone of case EY is reduced to 0.02039 m/s from 0.05832 m/s of case EN, which is reduced by about 65%.
4 Case MY is sufficient to restrain the mixing momentum in the smelting mixing area from escaping to the settling area. Comparing the average turbulent kinetic energy in the smelting area, the case MY has a significant advantage of 2.635 m2/s2, which is increased by 47%, 34% and 14% respectively compared with the case EN, case EY and case MN.
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