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Fig.1 Flowchart of the Molten Metal Continuous Pretreament Technology
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Fig.2(a) Schematic diagram of reactor 1 and 2
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Table 1 Geometrical parameters of the reactor and
main operating conditions

Inlet area (m?) 0.0067
d; (m) 1.0
d, (M) 0.1
ds (m) 0.4
hy (m) 0.3
h, (m) 0.6
hs (m) 0.1
hy (M) 1.0
Flow rate of molten metal (m®/s) 0.02374
Inlet velocity (m/s) 3.544
Particle density (kg/m®) 3000
Particle flow ratio (kg/t) 10
Particle diameter (um) 40
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Fig.2(b) Side view of the reactor 1
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Fig.2(c) 1-1 section of reactor 1
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Table 2 Governing equations for molten metal

Variable Equation
Mass v ( p\7) =0
Momentum

Turbulence kinetic energy

Turbulence dissipation rate

V(ﬁﬁh:7VP+V¢7V(§dq+p§+§w r:%[VV+(VVY}
V-(p\fk):—%ka<\7+r:V\7+V-[(,ue/0'k)vk:|—pg

V- (pVe)= —(%C1 —C,)-psV -V +V ~[(,u€/0'£)V£] + E[Clr 1VV -C,pe]

P pe=petpn, p=Cupkile, Sw=2. Nk[(mv)in—(mv)m],gpng
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Fig.4 Flow pattern of molten metal
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Fig.6 Velocity distribution in each horizontal section
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Fig.7 Two-phase flow pattern of particles and molten-metal
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Numerical Simulation of the Two-phase Flow in a Swirling-reactor for
Continuous Pretreament of Molten Metal

LIU Xiang-jun*, SHI Hong-zhi?, WEN zhi®,

FENG Jun-xiao?,

LIU Shuang-ke?, YIN Xiao-dong?, WANG Yan?

(1. Dept. Thermal Eng., University of Science and Technology Beijing, Beijing 100083, China;
2. Baoshan Iron and Steel Co., Ltd., Shanghai 201900, China)

Abstract: A novel continuous molten-metal pretreament technology using swirling-reactors is recently proposed by Japanese
Scientists. Reactor designing is a key problem for developing and applying this technology. Detailed information about the flow
process in a reactor is then very necessory. In this paper, a mathematical model for numerically simulating two-phase molten-metal
and particle flow is established. The models used include the k—¢& two-equation model for turbulent molten-metal flow and the
random trajectory model for particle flow. The governing equations are solved by SIMPLER algorithm. The two-phase flow
characteristics in a swirling-reactor are numerically studied. Detailed flow field of the molten metal and moving behavior of the
particles in the reactor are obtained. Calculated results show that particles can be effectively dropped into molten metal flow using
this type swirling-reactor. Particles and molten metal could be mixed well when adopting proper geometrical parameters and
operating conditions. These results offer detailed scientific basis for designing and optimizing the hot metal pre-treatment

technology.

Key words: molten-metal pretreatment; swirling-reactor; two-phase flow; numerical simulation



