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Numerical Simulation and Design of Water—cooled Roll Temperature
Field in Lead Thin Plate Continuous Casting Machine

GUO Yili, ZHOU Xiong, XU lJiale, ZHANG Qingshuo, LIU Zhuoling
(School of Metallurgy and Power Engineering, Chongqing University of Science and Technology, Chongqing 401331, China)

Abstract: A water-cooled roll is the core component of single-roll continuous casting technology for lead sheets, and its
cooling effect directly affects the thickness control and quality uniformity of lead sheets. On the basis of the single roll
continuous casting process, a three-dimensional numerical simulation of a water-cooled roll was carried out via ANSYS
Fluent software, and the influences of different numbers of water outlet holes on the temperature field and flow field of the
water-cooled roll were analysed. The results show that the distribution of the flow field inside the water-cooled roll is
closely related to the number of water outlet holes, and the 24-hole design has the best performance in terms of the cooling
effect and temperature uniformity, which can effectively control the thickness of the lead sheet and reduce the temperature
fluctuation. The simulation results are verified by experiments. The lead sheet produced by the designed water-cooled roll
prototype has a uniform thickness and smooth surface, which can meet the production requirements.
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1-lead pump; 2-molten lead tank; 3-tilting tank; 4-lead sheet; 5-water-cooled rollers; 6-crimping rollers; 7-air-cooled rollers; 8-guide rollers
9-rewinding roller; 10-contact pressure roller; 11-contact pressure roller mechanism; 12-pneumatic cylinder
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Fig.1 Schematic diagram of the single-roll continuous casting machine for lead thin plates
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Tab.1 Structural parameters for the water—cooled roll*"

Structural parameter Numerical value

Roll diameter/mm 350

Roll length/mm 890
Casting roll wall thickness/mm 12
Water hole diameter/mm 13
Cooling water velocity/(m-s™) 2
Roll speed/(rad-s™) 2
Cooling water temperature/‘C 30
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1-cooling water inlet; 2-cooling water outlet; 3-water outlet hole; 4-reflow hole; 5-water-cooled roller; 6-pulley
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Fig.2 Schematic diagram of the cooling water circuit for the water-cooling roll
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Fig.3 Geometric model diagram of the continuous casting area
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Fig.4 Result of finite element mesh division in the continuous
casting area
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Tab.2 Material and physical property parameters of the
water—cooled roll and lead liquid®>!

Water-cooled roll  Liquid lead
Materials Q235 Pb
Density/(kg-m"?) 7850 10 600
Specific Heat Capacity/(J-kg*-K™) 480 140
Thermal conductivity/(W-m"-K™") 48 33
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Fig.5 Cloud maps of the temperature distribution of the water-cooled roll at the cross-section x=0: (a) 24; (b) 28; (c) 32
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Fig.7 Velocity vector distributions corresponding to different numbers of water holes at cross-section y=0: (a) 24; (b) 28; (c) 32
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Fig.8 Temperature distribution diagram of the same horizontal line of the lead roller contact wall at different positions: (a) different
abscissas; (b) different ordinates

I-water inlet pipe; 2-outlet pipe; 3-lead sheet; 4-water-cooled rollers; 5-lead pump
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Fig.9 Physical diagram of the lead sheet: (a) casting process of the water-cooled roll; (b) macroscopic morphology of the surface
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Tab.3 Thickness of the lead sheet

No.6 thick No.7 thick No.8 thick Length ~ Weight Breadth
/mm /mm /mm /m /kg /mm
1.05 1.12 1.01 3 26.69 889
1.10 1.08 0.95 3 25.73 889
0.96 1.17 1.04 3 27.76 889
1.00 1.18 0.98 3 25.95 889
0.96 1.06 1.00 3 26.83 889
1.09 1.21 1.01 3 28.26 889
1.07 1.08 1.06 3 27.30 889
1.03 1.06 1.01 3 25.94 889
1.16 1.18 1.15 3 28.12 889
1.07 1.19 1.00 3 27.75 889
1.08 1.24 1.13 3 28.35 889
1.16 1.21 1.14 3 28.58 889
0.95 1.18 0.88 4 35.98 889
0.98 1.04 0.92 4 36.17 889
0.90 1.13 0.95 4 36.50 889
1.09 1.16 0.93 4 34.95 889
0.93 1.14 1.02 4 37.35 889
1.10 1.15 1.08 4 38.12 889
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