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Abstract

The Basic Oxygen Furnace (BOF) is widely used to produce high-quality steel from pig
iron as a part of the primary steel refining process. In this present work, we have simulated the
dynamics of dispersed gas-liquid flow in a 6:1 scaled-down BOF vessel under cold-flow
conditions using two two-fluid Euler-Euler method. The effect of interphase coupling forces
(drag and non-drag forces) on the behaviour of multiple interacting bubble plumes are
systematically investigated and a reasonable agreement is found with the corresponding

measurements.

The experimentally- validated computational model is extended to the Eulerian multi-
fluid approach to incorporate the slag layer. The implementation of three-phase interphase
coupling forces in the Eulerian framework is analysed in detail. Cold flow measurements are
performed to measure the ‘open-eye’ formation and the measurements are compared with the
corresponding simulations for different mass flow rates and heights of the slag layer. The
mixing time predicted by two-fluid Euler-Euler model (without slag layer) is compared with
corresponding measurements and a good agreement is found for different mass flow rates.
Further, the effect of the slag layer, its height, and physical properties (density and viscosity)
on the liquid-phase hydrodynamics and mixing behaviour is numerically investigated. The
spatial distribution of the slag layer and liquid-phase hydrodynamics is found to be significantly

influenced by mass flow rate, height of the slag layer, and its density.

The bottom-blowing BOF model is integrated with a top-blowing lance consist of 4
converging-diverging nozzles to simulate dispersed gas-liquid flow under combined blowing
conditions using two fluid Euler-Euler method. The cavity/ crater formation created by multiple
impinging jets is compared with theoretical corelation. A reasonable agreement is found for

wide different top blowing mass flow rate and lance height. Further, the effect of top-blowing
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flow rates, and lance height on the liquid-phase hydrodynamics and mixing behaviour is
investigated. We found liquid-phase mixing is found to be delayed as compared to bottom

blowing in spite of the additional energy provided by the top blowing.

In a separate work, the rise of a bubble plume through two immiscible liquids is simulated
using the Discrete Particle-Volume of Fluid (DPM-VOF) approach in a rectangular column.
The relative contributions of different forces (inertial, gravitational, viscous, and interfacial
tension) that govern the oil-water interface topology are investigated by varying the liquid
properties systematically (density, viscosity, and interfacial tension) and operating conditions
(thickness of oil layer, flow rate, and bubble size). We identified four different interface
topologies and a regime map is proposed to characterize the interplay of governing forces using

modified Froude (Fr™) and Capillary Number (Ca).

The results presented in this thesis will help to understand the liquid-phase
hydrodynamics and mixing behviour generated by meandering multiple bubble plumes in
presence of slag layer and in a scaled-down BOF vessel under bottom and combined blowing
conditions. In addition, role of forces that govern liquid-liquid interface distribution when a
bubble plume is rising through two immiscible liquid layer. The refining reactions kinetics and
heat transfer can be integrated with the present computational model which will allow to

simulate the commercial BOF vessel at actual conditions to improve its performance.
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Nomenclature

H Liquid bath height, m
g Gravitational acceleration, m/s’
Rep Bubble Reynold’s number, -
Eo Eotvos number, -
Ca Capillary number
Fr* Modified Froud number, -
meg Gas mass flowrate, kg/s
M Interphase momentum exchange force, N/ m?
P Pressure, N/m?
U Mean velocity, m/s
ﬁD Drag force, N/m?
Cp Drag coefficient, -
ﬁL Lift force, N/m?
CL Lift coefficient, -
ﬁT D Turbulent dispersion force, N/m?
Cmp Turbulent dispersion coefficient, -
K.q Momentum exchange coefficient, kg/m> s
ho Oil layer thickness, mm
Cy Tracer mass fraction,-
D Diffusivity, m*/s
XY, Z Spatial coordinates (along the width, height, and depth respectively), m
h¢ Depth of cavity, m
H, Lance height, m
Vv Instantaneous water-phase velocity magnitude, m/s
Vwy Instantaneous water-phase vertical velocity, m/s
Viv.o Instantaneous water-phase circumferential velocity, m/s
(V) Time-averaged water phase velocity magnitude, m/s
(Vi y) Time-averaged water phase vertical velocity, m/s
(@G0! Time- and- 8-averaged gas volume fraction, -
Greek letters
a Volume fraction, -
u Viscosity, Pa-s
p Density, kg/m?
k Turbulent kinetic energy, m?*/s
€ Turbulent kinetic energy dissipation rate, m?/s>
T Shear stress, N/m?
o Surface tension coefficient, N/m
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Subscripts

Acronyms

BOF
E-E
CFD
VOF
DPM
PBM
PCD
RANS
TKE

Actual
Model

i ™ phase
Air/ gas
Oil/ slag
Water
Laminar
Effective
Turbulent
Top blowing
Bottom blowing
Continuous
Dispersed

Basic Oxygen Furnace

Euler-Euler

Computational Fluid Dynamics

Volume of fluid

Discrete Particle Method

Population Balance Method

Pitch to circle diameter ratio

Reynolds Averaged Navier-Stoke equation
Turbulent kinetic energy
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