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            초록
          
        

        
          Austenitizing and quenching are performed to obtain the desired microstructure and mechanical quality by heat treatment. In this process, when the temperature difference between the surface and the center of the product increases, problems such as creep and residual austenite occur. In this study, a CFD analysis model was developed to determine the adaptive operating environment that minimizes temperature deviation. The model was verified for validity according to the experimental results, with an error of <3%. Moreover, the internal flow field based on the product location, the difference in temperature between the upper and lower parts of the product, and the uniform temperature distribution were confirmed. In addition, this study compared the area fraction at which the fitting product reached the target temperature through CFD analysis. In conclusion, it was confirmed that the CFD analysis model can be applied for optimizing the shapes, product, and operation environment of the furnace.

        

      

      
        Keywords: 
CFD, Reheating furnace, Heating characteristics, Transient heat conduction

      

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Lee, J. Y., Ryu, B. H., Lee, C. S., Rhim, D. R., 2017, Embodiment of Level 2 Control System for Continuous Reheating Furnaces, J. Energy&Climate Change, 12:1 63-71.
			[https://doi.org/10.22728/jecc.2017.12.1.063]
		
        

        
          	
            
              2. 
            
          
          	Jung, W. S., 2009, A Study of Optimal Distribution of Gas Temperature in Directly-fired Reheating Furnace, Master Thesis, Hanyang University, Republic of Korea.
        

        
          	
            
              3. 
            
          
          	Han, S. H., Baek, S. W., Kang, S. H., Kim, C. Y., 2007, Numerical Analysis of Heating Characteristics of a Slab in a Bench Scale Reheating Furnace, Int. J. Heat Mass Transf., 50:9-10 2019-2023.
			[https://doi.org/10.1016/j.ijheatmasstransfer.2006.10.048]
		
        

        
          	
            
              4. 
            
          
          	Minaev, A. N., Reshetnyak, S. I., Butenko, I. G., 1983, Heat Transfer in Walking Beam Furnaces, Steel USSR, 13:9 417-418.
        

        
          	
            
              5. 
            
          
          	Prieler, R., Mayr, B., Demuth, M., Holleis, B., Hochenauer, C., 2016, Prediction of the Heating Characteristic of Billets in a Walking Hearth Type Reheating Furnace using CFD, Int. J. Heat Mass Transf., 92 675–688.
			[https://doi.org/10.1016/j.ijheatmasstransfer.2015.08.056]
		
        

        
          	
            
              6. 
            
          
          	Liu, Y. J., Li, J. D., Misra, R. D. K., Wang, Z. D., Wang, G. D., 2016, A Numerical Analysis of Slab Heating Characteristics in a Rolling Type Reheating Furnace with Pulse Combustion, Appl. Therm. Eng., 107 1304–1312.
			[https://doi.org/10.1016/j.applthermaleng.2016.07.074]
		
        

        
          	
            
              7. 
            
          
          	Yang, D. H., Kang, T. W., Noh, K. S. Park, K. S., Yang, H. I., 2017, CFD Analysis of the Bottom Plate Having Multi-holes in an Indirectly Fired Batch Type Reheating Furnace, Proc. Korean Soc. Manuf. Technol. Eng. Autumn Conf., 55.
        

        
          	
            
              8. 
            
          
          	Choi, S. H., Kwak, N. S., Kim, J. Y., 2009, Pulverized Coal Injection System Development to Raise Combustion Efficiency of a Blast Furnace, J. Korean Soc. Mach. Tool Eng., 18:6 690-696.
        

        
          	
            
              9. 
            
          
          	Mayr, B., Prieler, R., Demuth, M., Moderer, L., Hochenauer, C., 2017, CFD Analysis of a Pusher Type Reheating Furnace and the Billet Heating Characteristic, Appl. Therm. Eng., 115 986-994.
			[https://doi.org/10.1016/j.applthermaleng.2017.01.028]
		
        

        
          	
            
              10. 
            
          
          	Mayr, B., Prieler, R., Demuth, M., Moderer, L., Hochenauer, C., 2017, CFD Modelling and Performance Increase of a Pusher Type Reheating Furnace using Oxy-fuel Burners, Energy Procedia, 120 462-468.
			[https://doi.org/10.1016/j.egypro.2017.07.222]
		
        

        
          	
            
              11. 
            
          
          	Chakraborty, S., Rajora, A., Singh, S. P., Talukdar, P., 2017, Heat Transfer and Discrete Phase Modelling of Coal Combustion in a Pusher Type Reheating Furnace, Appl. Therm. Eng., 116 66-78.
			[https://doi.org/10.1016/j.applthermaleng.2017.01.056]
		
        

        
          	
            
              12. 
            
          
          	Liu, X., Tang, G., Silaen, A., Cox, J., Johnson, K., Zhou, C., 2017, Investigation of Operational Effects on Slab Heating Characteristics in a Pusher-Type Reheat Furnace With Continuous Slab Motion, Proc. ASME 2017 Heat Transf. Summer Conf., HT2017-4871.
			[https://doi.org/10.1115/HT2017-4871]
		
        

        
          	
            
              13. 
            
          
          	Singh, V. K., Talukdar, P., 2013, Comparisons of Different Heat Transfer Models of a Walking Beam Type Reheat Furnace, Int. Commun. Heat Mass Transf., 47 20-26.
			[https://doi.org/10.1016/j.icheatmasstransfer.2013.06.004]
		
        

        
          	
            
              14. 
            
          
          	Gu, M., Chen, G., Liu, X., Wu, C., Chu, H., 2014, Numerical Simulation of Slab Heating Process in a Regenerative Walking Beam Reheating Furnace, Int. Commun. Heat Mass Transf., 76 405-410.
			[https://doi.org/10.1016/j.ijheatmasstransfer.2014.04.061]
		
        

        
          	
            
              15. 
            
          
          	Jaklič, A., Kolenko, T., Zupančič, B., 2005, The Influence of the Space between the Billets on the Productivity of a Continuous Walking-beam Furnace, Appl. Therm. Eng., 25:5-6 783-795.
			[https://doi.org/10.1016/j.applthermaleng.2004.07.012]
		
        

        
          	
            
              16. 
            
          
          	Landfahrer, M., Prieler, R., Mayr, B., Gerhardter, H., Zmek, T., Klarner, J., Hochenauer, C., 2018, Characterization of the Temperature Distribution on Steel Tubes for Different Operating Conditions in a Reheating Furnace using CFD and Three Different Measuring Methods, Appl. Therm. Eng., 133 39-48.
			[https://doi.org/10.1016/j.applthermaleng.2017.12.098]
		
        

        
          	
            
              17. 
            
          
          	Arkhazloo, N. B., Bouissa, Y., Bazdidi-Tehrani, F., Jadidi, M., Morin, J. -B., Jahazi, M., 2019, Experimental and Unsteady CFD Analyses of the Heating Process of Large Size Forgings in a Gas-fired Furnace, Case Stud. Therm. Eng., 14 100428.
			[https://doi.org/10.1016/j.csite.2019.100428]
		
        

        
          	
            
              18. 
            
          
          	Rezazadeh, N., Hosseinzadeh, H., Wu, B., 2019, Effect of Burners Configuration on Performance of Heat Treatment Furnaces, Int. J. Heat Mass Transf., 136 799-807.
			[https://doi.org/10.1016/j.ijheatmasstransfer.2019.01.113]
		
        

        
          	
            
              19. 
            
          
          	Prieler, R., Demuth, M., Spoljaric, D., Hochenauer, C., 2015, Numerical Investigation of the Steady Flamelet Approach under Different Combustion Environments, Fuel, 140 731-743.
			[https://doi.org/10.1016/j.fuel.2014.10.006]
		
        

        
          	
            
              20. 
            
          
          	Mayr, B., Prieler, R., Demuth, M., Potesser, M., Hochenauer, C., 2016, Computational Analysis of a Semi-industrial Furnace Fired by a Flat Flame Burner under Different O2/N2 Ratios using the Steady Laminar Flamelet Approach, J. Energy Inst., 90:4 602-612.
			[https://doi.org/10.1016/j.joei.2016.05.002]
		
        

        
          	
            
              21. 
            
          
          	ANSYS CFX, 2016, ANSYS CFX User’s Guide Releases 17.0, Canonsburg, Canonsburg, PA, ANSYS, Inc.
        

        
          	
            
              22. 
            
          
          	Jin, B. J., Park, M. H., Yun. T. J., Kim, I. S., Park, K. Y., Kim, Y., Yang, H. J., 2018, A Study on Performance Prediction of Purging Device using CFD in Laser Welding of Titanium Sheet, J. Korean Soc. Manuf. Technol. Eng., 27:1 70-75.
			[https://doi.org/10.7735/ksmte.2018.27.1.70]
		
        

      

    

    

  
    
      
        Min-jae Lee
        
          
        

        M. Sc. in the Department of Mechanical Engineering at Hanyang University.

        His research interest is Heat Process Optimization.

        E-mail: minjaeho10@hanyang.ac.kr

      

      
        Tae-won Kang
        
          
        

        Ph. D. in the Department of Mechanical Engineering at Hanyang University.

        His research interest is Dynamic response evaluation of an floating offshore wind turbine.

        E-mail: xodnjs0713@naver.com

      

      
        Jang-hyeok Yun
        
          
        

        Ph. D. in the Department of Mechanical Engineering at Hanyang University.

        His research interest is Computation Fluid Dynamics.

        E-mail: yunjange@hanyang.ac.kr

      

      
        Hyun-Ik Yang
        
          
        

        Professor in the Department of Mechanical Engineering at Hanyang University.

        His research interests are Mechanical Design and Optimization, Offshore Structure Design, Welding Process Optimization and Hydrothermal Polymerization.

        E-mail: skynet@hanyang.ac.kr

      

    

    

  OEBPS/images/big_30_4.jpg





OEBPS/images/data/ksmte/30051/KSMTE_2021_v30n4_245_bf002.jpg





OEBPS/images/data/ksmte/30051/KSMTE_2021_v30n4_245_bf004.jpg
P &





OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ksmte/30051/KSMTE_2021_v30n4_245_bf001.jpg
RY





OEBPS/images/data/ksmte/30051/KSMTE_2021_v30n4_245_bf003.jpg
d .





