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Abstract

For worldwide production of quality steel, ladle refining is extensively
adopted in the secondary steel making process. The processing enhances
the productivity of primary steel making and the overall economics.
When liquid steel is poured in the ladle, alloy elements are added and an
inert gas is injected from the bottom of the ladle to ensure the required
guality and cleanliness. The gas is introduced through plugs or nozzles of
different diameters arranged in different configurations invoked at the
different stages of the process. In the present two-dimensional
axisymmetric, transient, turbulent-flow simulation study, three
arrangements of argon gas injection have been considered injected at the
different rates of 2, 4 and 6 |/s and the time necessary for producing a
homogenous mixture side has been assessed. For a cell-centre based
finite-volume study with hexahedral mesh and realizable k-g€ turbulence
model, a grid independence study has been carried for the selection of
the mesh. A successful validation study with an existing numerical result
for 20 I/s argon gas injected through a central plug has been performed.
Two more configurations, one with an eccentric plug and another with
symmetric arrangement of two central plugs, have been compared in a
detailed numerical analysis. For the highest rate, the mixing time has
been extracted to be the least for all the arrangements. The longest and
the least mixing times have been predicted respectively with the central
plug and the twin-plug configurations. It would be interesting to study the
effect of invoking eccentric and twin-injections in sequential phases over
the processing time.
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Nomenclature

English symbol

a4- Volume fraction of g phase

pq-Density of g phase

l,- Velocity of g phase

Vp-Gradient of pressure

ﬁlift,q- Lift force

ﬁtd,q— Turbulent dissipation force

T,- Stress tensor

A4- Bulk viscosity of g phase

g - Effective viscosity of g phase

G- Turbulence kinetics energy due fluid mean velocity
G- Turbulent kinetic energy due to bouncy
Pr;- Turbulent Prandtl number

B - Coefficient of thermal expansion

Ut~ Turbulent viscosity

h,- Specific enthalpy of q phase

qq - Heat flux of g phase

QpqHeat exchange between the phases
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Chapter 1

1.1 Introduction

Steel is called most useful and inexpensive metal in the world and as per Steel
association statistical data of 2018 total steel produce with the help of EAF is
more than 445 million ton which is 12.3% more than previous year. Steel is
extracted from iron ore, a compound of iron, oxygen and other minerals that
occur in nature. The raw materials for steelmaking are mined and then
transformed into Steel are primarily produced using one of two methods: Blast
Furnace or Electric Arc Furnace (EAF). The blast furnace is the first step in steel
production from iron oxides. At first blast furnaces appeared in the 14th
century and produced rate was one ton per day. Even though equipment is
improved and higher production rates can be achieved, the processes inside
the blast furnace remain the same. The blast furnace uses coke, iron ore and
limestone to produce pig iron or crude iron which has a very
high carbon content, typically 3.8-4.7%!Y. First electric arc furnaces (EAFs ) is
used to produced steel which was first in the late 19th Century. The use of
EAFs has been expanded day by day and now in present over 70 percent of
steel production in the United States with the help of first electric arc furnaces
(EAFs). The main different of EAF with the blast furnace is quality of steel as
describe above the blast furnace produced pig iron but electric arc furnaces
(EAFs ) is used to produced molten steel with the help of electrical current to
melt scrap steel or pig iron, to produce molten steel which has carbon content,
typically 3.8-4.7%!Y. In the above discussed part are all related with steel
making process but now a day due to high demands on steel quality and
consistency in its properties various kinds of liquid steel treatment developed
in which case ladle play a important role to produce such kind of quality steel
and above mentioned are collectively known as secondary steelmaking. Now a
day the secondary steelmaking is the heart of the production steps of modern
steel making shops.




1.2 Literature Review

Ladle is play a important role to produce high quality steel so day after day
increased application of ladle to produce quality steel in this regards number
of investigate carried out numerical simulation and model experiment on EAF
with different configuration. Q. Cao'? mathematically invested of fluid flow and
slag-steel interface behaviour of multi-phase flow domain with the help of
Euler-Euler and Euler-Lagrange modelling approaches and compares numerical
result with water model experiment result to perform comparisons which
approach is more accurate Euler-Euler or Euler-Lagrange for multi-phase flow
domain. Liu FB! was carried out numerical simulated and water model
experiment investigation of flow field and stirring effect of different kind of
bottom blowing of arrangement on 75 t and it was shown bottom blowing
could stir molten steel better compare with no bottom blowing arrangement .
Haiyan'™ was carried out numerical simulation with different plug position and
different gas flow rate to observed effect of plug position and gas flow rate on
mixing time of the furnace. Finally an optimum bottom blowing arrangement
was determined Electric Arc Furnace. Dial® was carried out numerical
simulated of multi-phase model in an industrial Single Snorkel Refining Furnace
(SSRF) and analysis density, bubble size & velocity also analysis effect of
snorkel immersion depth (SID) on mixing time, circulation rate and flow
parameters analysis. Uridstegui-Hernandez!® have been carried out numerical
simulation on 50-t steel making ladle and Euler-Euler model used to analysis
in the three phase fluid flow characteristic and thermal behaviour of liquid
steel and model is validated by particle image velocimetry (PIV). Haiyan!”! have
been carried out numerical simulation to find out the effect of plug position
angle on mixing time and it was observed that for dual plug when plug angle
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increasing from 45° to 90° mixing time increasing but which it position angle
change from 90° to 180° it decrease due the stirring energy consumed
decreased by the collision and interaction from two plumes. M. Che® have
been carried out numerical simulation on ladle and analysis effect plug position
and position angle on mixing time in the ladle and conclude that when plug
position half of ladle bottom radius and plug position angle 45° then optimum
mixing time observed. Wei®® analysis the effect of bottom gas pulsing on ladle
mixing and velocity distribution and it has been observed that due to bottom
pulsing gas injection dead zone and mixing time signification decreased and

improved flow velocity




1.3 Present Work

In the present study, analysis the effect of gas flow rate on fluid flow
properties such as mixing time, velocity distribution, turbulent kinetics energy,
turbulent dissipation rate distribution when argon gas injected from the
bottom of the ladle with gas flow rates are 2 L/Sec, 4 L/Sec & 6 L/Sec. In the
present work analysis effect of plug position of the above properties when
argon gas flow rate kept 6 L/Sec and finally analyse the thermal behaviour of

liquid steel in the ladle with same gas flow rate.




Chapter 2

2.1 Physical Model

Table 2.1. The dimensions of the ladle and other parameters used in the
numerical simulation

Physical Properties Value
Diameter of ladle (up) 3100 mm
Diameter of ladle (down) 2660 mm
Height of ladle 3350 mm
Diameter of the plug 92 mm
Gas flow rate for each plug 21/,4L/s,6L/s
Density of liquid steel 7020 kg/m3
Density of argon gas 0.568 kg/m3

Viscosity of steel

Viscosity of argon gas
Interfacial Tension Between
Steel and Gas

0.006 kg/(m?-s)
2.13x10°kg/(m?-s)
1.4 N/m

The above table 2.1 showed ladle dimension where in the present study used
2-D model for numerical simulation. In the ladle bottom diameter, outlet and
height are 2660mm, 3100mm and 3350mm. In the present study gas is
injected from bottom plug where plug diameter is 92mm and simulation work

analysis with different plug configuration as per below figure 2.1.
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2.2 Grid Generation

The numerical domain and mesh configuration of the present study in shown
in below figure 2.2. In the present study a complete hexahedral mesh has been
generate of mesh size is set 10 mm and total number of elements and nodes
are 96432 and 97056. Ansys fluent 2020 R1 software is used to perform the
numerical simulation. Average orthogonal quality and skewness of the
generated mesh are 0.99934(bad value =0; ideal quality value = 1) and 0.90000

in the present model.

Inlet

Fig. 2.2: Details grid schemes of numerical simulation mode




2.3 Assumptions

(1) Electromagnetic forces or chemical reactions have not been considered in
the present study.

(2) The gas phase was consider as compressible and Newtonian fluid, and
liquid molten steel was consider as incompressible and Newtonian fluid.

(3) Liquid and gases flow were considered two-dimensional, transient and
turbulent-flow model.

(4) During simulation viscosity and surface tension all the phases were
assumed constant.

(5) A no-slip wall boundary condition was applied to all of model walls.




Chapter 3

3.1 Initial and Boundary Condition

Initially liquid steel rest on the ladle and no gas flow take place from bottom
plug. No-slip and standard wall function used at the bottom and side wall.
Outflow boundary condition applied at the outlet of the ladle. Velocity inlet
boundary condition applied at the inlet of the nozzle. Inlet velocity uq have

been calculated with the help of inlet gas flow rate [,

3.2 CFD model & Governing
Equations

In the present study Euler model approach have been applied. In this
approach, VOF method is applied to performed simulation work of transient
two-dimensional argon gas, steel two phase fluid flow in EAF. VOF model is
useful for the study to focus on interface tracking for two or more phase
simulation. Each phase which has to be added in the model is represent the
volume of fraction of the added phase variable is introduced, which represent
the volume fraction of the phase in the computational cell. In each simulated
domain sum of the all-phase volume of fraction is unit *?/. The tracking of the
interfaces among all the phases is accomplished by solving the continuity
equation for the volume fraction of phases. The continuity equation for the g
phase is mentioned below "2,

1 d(aqpq)

p| Ot + V- (agpqtig)| =0




In the above a4 volume fraction of q*" phase and as per mentioned above

n —_
g=10q =1

The momentum Equation

The momentum equation is solved through the domain and resulting velocity

shear among the phases. The momentum equation given below -

d N N
a(“qpquq) + V. (‘xq pququq)

n
=—a,Vp+V. fq + aqqu + z Ry, + (Flifth + Ftd,q)
p=1

Where p is static pressure g is gravitational acceleration, F)hft’q &F)td,q are lift

force and turbulent dispersion force, _ﬁpq is the force interaction between the

phases, ?q is known as stress sensor which is defined as-

= - =T 2 —
Tg = aquq(vq + qu) + a, ()Lq — §uq>v. Ugl

Where Ay is bulk viscosity and g is effective viscosity of the g phase.
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k-€ Realizable Turbulence Model

The realizable k-e turbulent model chosen to solve turbulent multi-phase
problem. For wall function we have used standard wall function to solve near

wall turbulent flow. Equations (6) and (7) are used to k & € 2.

a(pk) | d(pkuj) _ 8 B
oc T axj  ox; (“ + Gk) | T Gy + G, —pe (6)
6(peu]) P 2
2 (pe) + a_x,-[(“ce) ]+ PC1Se = PCa e +
ClEEC%Gb ....................................... (7)
Where,

C = max [0.43,&], n=S%, s=./25;S;, and S;; (‘:}Z 4 ‘;_ZZ)

In the above equation Gk represents the generation of turbulence kinetics

energy due to fluid mean velocity gradient and it’s calculate as below-

, au]
G = puit J dx;

Gy is represent the turbulent kinetic energy due to buoyancy, which is define
as below-

Where Pr: represent turbulent Prandtl number which is 0.85 for k- € 2 model
.gi is gravitational acceleration in the direction.  is coefficient of thermal

expansion, which is defined as-

1 /0p
=——(=—=)P
g P <6T)
W is define as eddy viscosity which is define as-
k2
pe = pCy—

11




The degree of which € is affected by the buoyancy is determined by the

constantCs¢, which is determine by given below -

C = tanh—
an
3€
Where v and u veIocity of components paraIIeI and perpendicular to the

gravitational acceleration direction.

The model constants are given by C;¢ = 1.44,C, = 19,0, = 1.0,& 0, =
1.202

Energy Equation

Energy equation [® of Euler multi-phase model is given as per below-

0 . op, - _, S -
a(“qpqhq) +A: (“qpqhquq) = “qa_tq t+T:Vig —V-qq + Z(qu)
p=1

Where hq is specific enthalpy J/Kg of q phase qq is heat flux w.m™ of g phase

and Qpq is heat exchange in joules between the phase.

12




Mixing Time Equation

The mixing process is simulated by introducing a tracer into the ladle when a
steady-state flow regime is reached, and then monitoring the species
concentration with respected to the time. A species transport model is used to

analysis the mixing beaver of the domain

%(pC) + V. (piC) = V. (S“—C’-“t (VC))
where W: is the turbulent viscosity. Sc: is the turbulent Schmidt number, the
default Sc: is 0.7, and C is the local mass fraction of tracer in liquid steel. The
mixing time is defined the time required to get 95% level of concentration,
which id define that the concentrations C(t) at all monitoring points in the bath
are within £5% deviation of the homogeneous

Concentration value, C(o°).
3.3 Grid Independence Test

Grit independence test carried out to check the accuracy of the model and
optimum point of grid size identify. In the present study we have been carried
out grid independence test with seven different mesh size and its observed
that for 10mm grid size is optimum grid size as different of surface velocity

magnitude less than 1% as shown in the below table 3.3.

13




Table 3.3: Mesh statistics for grid independence test

SI No. Me;:;:(l;r:\e)nts Cell count rs'r:‘a";(i::u\ézl(?rfi/ts‘; % Different

1 9.5 106600 0.45061 --

2 10 96432 0.45058 0.007
3 10.5 87954 0.44548 1.132
4 11 79605 0.44018 1.19
5 11.5 73000 0.43509 1.156
6 12 67200 0.42875 1.457
7 12.5 61870 0.42202 1.57

— 0.455 —
2 -
E
8 oa4asf © © °
S =
-— L
= ..
(=) L
g 0.445 — o
> L
= =
(&) .
L 044 o
7 L
> L
Py -
(%] L
£ 0435 o
> C
w —
0.43 [ o
I IR IERERETE ETATEEN TRNETE ENETETET BT BN B
9 9.5 10 10.5 11 11.5 12 12.5
Mesh Size (mm)

Fig. 3.3: Results from grid convergence study showing the dependence of surface velocity
on the number of mesh elements.
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Chapter 4

4.1 Solution Methodology

Pressure-base solver used to solve the governing equation using CFD package
FLUENT 2020 R11% software. This package runs on a cell-cantered based finite
volume method to discredit the governing equation and SIMPLE scheme used
for pressure velocity coupling and the volume fraction equation is solved using

first order upwind.

4.2 Pressure Base Solver

In the pressure-based solver, the governing equations are solved sequentially
i.e. Governing equation for the variables such as u, v, w, p, T, k etc. are solved
one after another and the solution algorithm for sequential pressure-based

solver is represented below.

15




—[ Update properties ]

Solve sequentially uyey, Vrev

\ l J
[ Update pressure, mass flux and velocity ]

{

[ Solve energy, species, turbulence and other scalar equation ]

s [ Converged ]

es

=

Fig.-4.2: Overview of the Pressure-Based Segregated Algorithm.

No
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Chapter 5

5.1 Model Validation

Model validation is an important assignment to validate current numerical
simulation with reference study. In the present study numerical simulation is
validated with the numerical result of literature 3. To validate the present
model 20 L/Sec gas flow rate used to compare the result with reference data
and compare ladle centre line velocity variation and mixing time behaviour
with the reference data. It is seen from below fig.5.1a & b that the simulation

result agrees well with the literature 3! within a maximum deviation of 3%.

4.0 I e S S B A B S B e B —
3.5 1 - Q.Cao & L.Nastac (2018)| [
. I g I
o fa "y =  Present Study
[(§) 3.0 1 n N o -
o
Q [ ] \‘-
= . '
~ 2.5 4 .-.l -
.*? . ‘.i
(&) o m |
| =3 _
% 20 l.'- -- " “fa |
> o "
O 1.5+ ...l o [
-
g + ke,
E 1.0 5 o B
>—< l. m] ..
<os] =& » = |
| ¥ AN
]
0.0 . -
1 v 1

1 v 1 M 1 v 1 v 1 v || N
0.0 0.5 1.0 1.5 2.0 2.9 3.0 3.5
Distance from bottom(m)

Fig. 5.1a : Comparison of the axial liquid velocity with the numerical results of Q.Cao &
L.Nastac!®3l,
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Fig. 5.1b : Comparison mixing time with the numerical results of Q.Cao & L.Nastac!*3l.

18




Chapter 6

6.1 Effect of Bubble Size on Gas
Volume Fraction Distribution

In the present study observed effect of the bubble diameter in gas volume
distribution and in the study set Imm and 10mm bubble size in the Euler —
Euler model and 20 L/Sec gas flow rate apply without change the other
parameters setting in the simulation it has been observed that with decrease
the bubble size gas volume fraction increasing which have been displayed in
figure 6.1. In the below figure it’s observed that with decreased bubble dia.
more dispersed pattern and easy to penetrated through the mould and
tendency of less bouncy and present work is good agree with the simulation

work 'Y and subsequent study apply bubble size in the Euler model.

S5mm bubble dia. 10 mm bubble dia.

'f". bl | \‘ “““v—

Fig. 6.1 : The effect of gas volume fraction distribution inside the
Ladle for bubble diameters 5 mm & 10 mm
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6.2 Axial Flow Velocity Distribution

In the figure 6.2 depicted the velocity distribution along the centre of plug
/ladle. It is observed that with the increase gas flow rate velocity of centre line
increase from 1m/sec to 2m/sec when gas flow rate increase 2L/Sec to 6 L/Sec.
It also observed that velocity suddenly increased from bottom of the ladle and
become maximum approximate 0.5 m from bottom of the ladle after that it is

gradually decreased up to the ladle outlet.

2 |-
18 /
ro/ 2 L/sec

_16F | AN 4 LiSec
w L 6 L/Sec
Erar |
> L [ N
2 r S
Q - TR
812t
o [ —~ S
> 1E [/ / =
T L C / \ ™~
-5 C ‘} Jv/ \\\\
gosr|/ M,
- L TR
- L S \
S 06 fee N \
X C| - = \
< H /‘ o \

041 / B A

02} %

0 1111 l 1 11 | I | I 111 1 l 1111 I 1 11 1 l 1 1 ‘L\
0.5 1 1.5 2 25 3
Distance from Bottom(m)

Fig. 6.2: Axial Flow Velocity Distribution for gas flow rate 6 L/Sec, 4 L/Sec & 2 L/Sec
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6.3 Axial Turbulence Kinetic Energy
Distribution

In the figure 6.3 depicted the turbulent kinetic energy distribution along the
centre of plug /ladle. It is observed that with the increase gas flow rate
turbulent kinetic energy of centre line increase from 0.12 m?/sec? to 0.44
m?2/sec? when gas flow rate increase 2 L/Sec to 6 L/Sec. It also observed that
turbulent kinetic energy suddenly increased from bottom of the ladle and

become maximum approximate 0.5 m from bottom of the ladle after that it is

gradually decreased up to the ladle outlet.

0.5
0.45
— C A\
NoaEk [\ 2 LiSec
~N L ' 4 L/Sec
€ L | 6 L/Sec
;(‘)35 :_ |
o |
8 03F |
c .
o Ic V“\
L0.25F | e,
- [ =
Q C | B
E ookl - N
2021 =ty
t | "
80.15 |
3 H \
5018 / e S
- j /’ B \
0.05 f/ %!
A\
/I!II|1IklllI!IllllIlIlllllIIIlll\I\
0 0.5 1 15 2 25 3
Distance from bottom(m)

Fig. 6.3 : Axial Flow turbulent kinetic energy Distribution for gas flow rate 6 L/Sec, 4
L/Sec & 2 L/Sec
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6.4 Axial Turbulence dissipation
Rate Profile

In the figure 6.4 depicted the turbulence dissipation rate along the centre of
plug /ladle. It is observed that with the increase gas flow rate turbulence
dissipation rate of centre line increase from 0.5 m?/sec? to 5.2 m?/sec? when
gas flow rate increase 2 L/Sec to 6 L/Sec. It also observed that turbulence
dissipation rate suddenly increased from bottom of the ladle and become
maximum approximate 0.5 m from bottom of the ladle after that it is gradually

decreased up to the ladle outlet.

6

5.5F
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o £ [ 4L/Se
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Fig. 6.4 : Axial Flow turbulence dissipation rate distribution for gas flow rate
6 L/Sec, 4 L/Sec & 2 L/Sec
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6.5 Radial Flow Velocity
Distribution

In figure 6.5 pictured radial velocity distribution of the fluid domain from 1.5m
of furnace bottom of the given gas flow rate and it have been observed that
velocity at nozzle position is very high and a small velocity observed near the
nozzle position which is decreased left and right side accordingly. In the figure
it also observed that peak velocity at nozzle position vary from 0.9 m/sec to
1.26 m/sec and left and right position of the nozzle it is become zero which is

Validated the result with from literature!**
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Fig. 6.5 : Radial velocity distribution from 1.5 m of ladle bottom for gas flow rate 6 L/Sec,
4 L/Sec & 2 L/Sec
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6.6 Radial Turbulence Kinetic
Energy Distribution

In figure 6.6 pictured radial turbulence kinetic energy distribution of the fluid
domain from 1.5m of furnace bottom of the given gas flow rate and it have
been observed that Turbulence Kinetic Energy plug position suddenly rise and
a small turbulence kinetic energy distribution observed near the nozzle
position which is decreased left and right side accordingly and become zero at
boundary wall. In the figure it also observed that peak turbulence kinetic
energy distribution at plug position of 1.5m position varies from 0.11 m?/sec? —

0.24 m?%/sec®> when gas flow rate vary 2L/Sec to 10 L/Sec.
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Fig. 6.6 : Radial turbulence kinetic energy distribution from 1.5 m of ladle bottom for gas
flow rate 6 L/Sec, 4 L/Sec & 2 L/Sec
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6.7 Radial Turbulence dissipation
Rate Profile

In figure 6.7 pictured radial turbulence dissipation rate distribution of the fluid
domain from 1.5m of furnace bottom of the given gas flow rate and it have
been observed that turbulence dissipation rate plug position is suddenly
increase and a small turbulence dissipation rate observed near the nozzle
position which is decreased left and right side accordingly. In the figure it also
observed that peak turbulence dissipation rate at nozzle position of 1.5m
position vary from 0.1m?/sec?-0.28m?/sec? which become zero at boundary

wall.

0.3

2L/Sec
4 L/Sec
6 L/Sec

N
(S}

@
()

o
=

Turbulent dissipation rate(m2/s2)
& o
T 17T | T T 71 | T T T | L L | | O TR N § I T T F

NN W l I B | \I\\J ‘\T_IZI‘—"J' L1
-1 05 0 05
Radial position(m)

Fig. 6.7 : Radial turbulence dissipation rate distribution from 1.5 m of ladle bottom for
gas flow rate 6 L/Sec, 4 L/Sec & 2 L/Sec
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6.8 Contour Analysis for 6L/Sec Gas

Flow Rate
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Fig. 6.8a: Velocity Contour
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Fig. 6.8b: Stream Line Contour
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In the velocity contour it observed that
at nozzle position stronger velocity
distribution observed and it gradually
decrease left and right side of the plug
which zero at

position become

boundary wall.

In the stream line distribution it
observed that at plug position stronger
stream line pattern observed and it
have been decreased left and right side

of plug position
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Fig. 6.8c: Gas Volume fraction Contour
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Fig. 6.8d: Turbulent Kinetics Energy Contour
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In the gas volume contour of argon
gas shown that argon gas volume
distribution gradually increased from
bottom nozzle position and s
maximum value observed at outlet

of the furnace.

In the Turbulent Kinetics Energy
contour it observed that at nozzle
position stronger Turbulent Kinetics
Energy distribution observed and it
gradually decrease left and right side
of the plug position which become
zero at boundary wall as well as the

outlet of the ladle.




6.9 Mixing Behaviour for Different
Gas Flow Rate

In the below figure 6.9b-6.9d displayed tracer response curve of six point
(Fig.6.9a) and mixing time consider with 95% concentration evaluate all six
points with different bottom argon gas flow rate. From below figure it is clear
that with increased inject argon gas flow rate mixing time deceased so a
reverse relationship build between gas flow rate and mixing time. In the
present study it is observed that for 2L/Sec maximum mixing time observed
and subsequently decreased for 6L/Sec. In the present study it is observed that
mixing time for 2L/Sec, 4L/Sec & 6L/Sec are 1775 Sec ,1400 Sec & 1000 Sec

The numerical simulation value is good agree with the simulation work®3!-,
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Fig. 6.9a : Mixing monitoring location inside the ladle
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Fig. 6.9c :Mixing time for gas flow rate 4 L/Sec
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6.10 Thermal Behaviour of Steel in
the Ladle

In the below figure 6.10 it is displayed temperature contour of three different
condition in the figure (a) where entered steel temperature 1500°C. In the
model gas have been injecting from bottom of the same and inject gas
temperature 300K. Near wall of the model consider insulated boundary and
negative heat flux boundary condition apply in outlet of the furnace. In the
figure (b) it have been observed that after 120 Sec a temperature gradient
create between bottom and top of the furnace due to negative heat flux
boundary condition apply in the outlet of the furnace and after 360 Sec

thermal homogenization observed.

Temperature

nio (S

(a) Start of Calculation (b) 120 Sec (c) 360 Sec

Fig. 6.10: Steel thermal contour
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Chapter 7

7.1 Comparison of Different Plug
Configurations

'Ollﬂet

e

Fig. 7.1a: One Center Plug Fig. 7.1b: One Eccentric Plug

4 owe

Fig. 7.1c: Two Symmetric Plug
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In the indusial ladle bottom plug is provided to inject gas into the ladle which
accelerate the mixing process and produce chemically homogenous mixture. In
the present study three plugs configurations as per attached figure 7.1a-7.1c
provides the arrangements for a one centre plug, with one eccentric plug
located at 1/2R distance, and two symmetrical plugs located at 1/2R (R is
bottom radius of the ladle) and observed the time to produce homogeneity. In
the present study we inject 6L/Sec gas of the different configuration and
observed mixing time with the help of species transport model, mean liquid
steel velocity and turbulent kinetic energy of the three cases and compared

the observation.

7.2 Mixing Behaviour for Different
Plug Configurations for Gas Flow
Rate 6 L/Sec

In the below figures 7.2a-7.2c shown the comparison the typical variation of
the tracer mass concentration of the six monitoring point (P5 to P10) with time
of three plug configuration. From the below figure it is observed that for
centre plug configuration find out maximum mixing time follow by eccentric
plug configuration and for double symmetric plug configuration observed

shorten mixing time.
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Fig. 7.2a: Mixing time of One Centre plug configuration ladle for gas flow rate 6 L/Sec
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Fig. 7.2b: Mixing time of One eccentric plug configuration ladle for gas flow rate 6 L/Sec
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Fig. 7.2c: Mixing time of dual symmetric plug configuration ladle for gas flow rate 6 L/Sec

7.3 Fluid Flow Properties for
Different Plug Configurations
for Gas Flow Rate 6 L/Sec

Figure 7.3a & 7.3b displayed the mean flow velocity and turbulent kinetics
energy of the inside liquid steel. It has been observed that due to two
circulations formed 3 between the plug position and ladle wall for one centre
and it’'s more uniform for eccentric plug configuration. In the turbulent kinetics
energy, it has been observed that due to more circulation form with respect to
the centre plug configuration turbulent kinetics energy of centre plug
configuration is little bit more than eccentric plug configuration but due to
more stirring energy impart in the double plug configuration mean velocity and
turbulent kinetics energy of double symmetric plug configuration is higher than

rest other two type configuration.
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Fig. 7.3a: The predicted mean flow velocity in steel for different plug configurations.
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Fig. 7.3b: The predicted turbulent kinetic energy in steel for different plug configurations
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Chapter 8

8.1 Conclusion

The Euler-Euler approach have been applied to in the present study to
numerical simulate the fluid flow domain and species transport model
developed to analysis mixing behaviour in the fluid domain. In the present
study we have analysis effect of gas flow rate on fluid velocity, turbulent
kinetic energy, turbulent kinetic dissipation rate & mixing time. In the present
study also analysis the effect of plug position on fluid velocity, turbulent kinetic

energy, turbulent kinetic dissipation rate & mixing time.
So the simulation result concludes the following:

(a) With increase argon gas flow rate fluid velocity, turbulent kinetic energy,
turbulent kinetic dissipation rate are increase from bottom of the ladle and
then decrease gradually and along the radial direction above parameters
suddenly increase at plug position and left and right position of the plug it
tends to zero. It’s observed from present study that increase gas flow rate

mixing time decreased and vice versa.

(b) It’s observed that with change plug position fluid velocity, turbulent kinetic
energy, turbulent kinetic dissipation rate also changed. In the present study it’s
observed that minimum value observed from centre plug position and follow
by eccentric plug and dual —symmetric plug. Mixing time observed for three
plug position and it’s observed that centre plug mixing time maximum and
follow by eccentric plug and dual-symmetric plug that plug configuration

produce homogenous mixture with minimum time.
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(C) In the present study it is analysis thermal behaviour of steel in ladle and

observed that with time thermal gradient into the ladle decrease for a

constant gas flow rate and after a certain time thermal homogeneity observed

in the ladle.
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Chapter 9
9.1 Scope of Future

The present study only two dimensional numerical base or we can say it
theoretical work in two phase transient condition. In the whole study liquid
steel consider as incompressible fluid and electromagnetic force can’t
consider. So in future this study could be continue by applying electromagnetic

force, compressible, three phases three dimensional transient model.
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