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Abstract

Calcination of gibbsite to alumina is an important energy intensive final stage of Bayer alumina
refinery process. Approximately, 30 % of the total energy consumption is alone used for the
calcination stage. Thus, improvement of energy efficiency plays a crucial role in minimizing cost
of production and emissions. The aim of this study is to investigate combustion efficiency of
heavy fuel oil (HFO) atomized with steam inside the gas suspension calciner of alumina refinery.
The combustion model was developed using species transport model with addition of all possible
combustion reactions. Discrete phase lagrangian approach model was incorporated for studying
HFO and alumina hydrate particle trajectories in combustion and holding vessel zones.
Turbulence has been modeled using SST — K- turbulence model and P1 method was used for
accounting radiative heat transfer equation. Post combustion efficiency investigation with respect
to the mole fractions of carbon dioxide, carbon monoxide, unburnt O, emissions, this work also
aims to focus on introducing routes (such as optimization of Air to fuel ratio) for reduction of fuel
consumption less than the design consumption and to build an optimum curve for best fuel
efficiency with respect to throughput satisfying operation limits.

Keywords: Alumina calcination, alpha alumina, combustion efficiency, CFD modeling, fuel
consumption.

1. Introduction

Bauxite ore consists of gibbsite, boehmite, diaspore, bayerite, nordstrandite, tohdite, kaolinite and
doyleite as aluminum containing phases along with calcium, iron and silica phases viz., hematite,
anatase and quartz. Among the minerals present in bauxite, gibbsite, bayerite, nordstrandite and
doyleite are aluminum tri-hydroxides while boehmite, diaspore and tohdite are aluminum oxide
hydroxides. The detailed alumina minerals with their compositions depicted in Table 1 were given
by Wefers et al., (1987) [1]. Properties, minerology, type, amount of alumina content and other
impurities vary widely in bauxite depending on its geographical location. Aluminum containing
phases in bauxite are widely used to produce smelter grade, specialty grade and high purity
alumina in alumina refineries across the globe using conventional Bayer Alumina process. Along
with these applications, alumina also finds applications as a flame retardant and paper additive
while, boehmite is used as a catalyst support and in the production of ceramic pieces [2], [3]. Due
to these wide applications and properties, alumina has achieved a great significance industrially
and in the new technology development.
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Table 1. Comparison of different oxides of Aluminum [1].

S.No | Name of alumina mineral Chemical composition Crys;::i:)lill‘:phic
1 Gibbsite Aluminum tri-hydroxide v-Al(OH)3
2 Bayerite Aluminum tri-hydroxide a-Al(OH)3
3 Nordstrandite Aluminum tri-hydroxide Al(OH)3
4 Boehmite Aluminum mono-hydroxide v-AIOOH
5 Diaspore Aluminum mono-hydroxide a-AIOOH
6 Corundum Aluminum oxide a-ALO;

Among these minerals, gibbsite (AI(OH)s) is the pre-dominant phase available in the Eastern
Ghats bauxite present at Utkal Alumina International Limited (UAIL). This mineral composite is
widely used for production of smelter grade alumina from raw bauxite ore which is an energy
intensive process that uses substantial amounts of caustic soda for extraction of gibbsite.

In alumina refineries, bauxite ore is processed using the Bayer process to extract alumina tri-
hydroxide (gibbsite). Calcination of gibbsite or Al(OH)s, to alumina occur via an endothermic
thermal decomposition reaction which is given by

1000°C
2AI(OH); > AlLO; +3H,0, AH® = +185.2 kJ/mol (1)

Equation 1 which seems to be a simple one step reaction happens at over 1000 °C to produce
desirable alumina phase with an LOI less than 1%. Alumina calcination process involves various
stages viz., unbound moisture removal, phase and structural transformations in which hydroxides
are converted to oxides. Residual hydroxide content starts to decrease with temperature and time
in a calcination process. Most of the reduction in free moisture present in the feed hydrate was
observed in temperatures lower than 250 °C after which at a reduced rate of LOI, phase and
structural transformations takes place.

Phase transformations play a crucial role in an alumina calcination process for producing desirable
alumina phase. During the calcination process, alumina has a significance of existing in various
metastable forms including v, ¥, x, 6, 1, 0 and in the final stable a-alumina phase. The reaction
pathway to several alumina phases are majorly characterized by particle sizes and heating rates.
On-set of phase transformation to alumina mono hydroxide (Boehmite) from gibbsite starts at
temperatures lower than 250 °C after which several phase transformations based on heating rates
and particle sizes to y and desirable y-alumina takes place at temperatures between 300 to 800 °C.
Stable alpha alumina formation occurs at temperatures greater than 1000 °C.

Alumina Tri-hydrate
—

Product Alumina

Alumina Cooling [+ Holding Calciner [*— Hydrate Pre-

cyclones Section —s Vessel — heating Section |e—
Air with fines to ESP

Air
Figure 1. Block diagram of calcination process in an alumina refinery.
In modern day Gas suspension calciners (GSC), gibbsite particles were fed into a series of pre-
heaters maintained at around 300-500 °C for removing moisture and initiating the conversion of

aluminium tri-hydroxide to mono-hydrated alumina (boehmite) and transition alumina. In the
calciner furnace and holding vessel sections, production to a desirable smelter grade alumina is
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carried out. Post calcination, heat associated with alumina is recovered using a series of cooling
cyclones where air gets pre-heated as shown in Figure 1.

Approximately, 30 % of the energy is solely utilized by the calcination process by combusting
heavy fuel oil having a gross calorific value of 10500 Kcal/Kg with air in a gas suspension
calciner. The control on calcination process for reduction of specific heavy fuel oil consumption
and formation of desirable alumina phase should be carefully done due to very high sensitivity of
the process to any changes to the design of process equipment key operational parameters. This
would directly have an impact on the quality of alumina and cost efficiency which in turn would
affect the performance of the plant. Nevertheless, in the current study the focus is mainly to assess
and improve the process efficiency of the existing calcination design.

A numerical simulation would provide better understanding of physico-chemical events inside
calcination process which is equally complicated for a calcination process of alumina due to
several simultaneous physical processes coupled together involving flow of air and hydrate
particles, combustion of fuel oil [4]. All these phenomena must be considered in one single model
to obtain accurate and desirable results at different variations of Air to fuel ratio and hydrate feed
rate. Figure 2 shown below depicts the CFD model developed for a gas suspension calciner. This
numerical model captures the combustion behavior, flow and transport processes occurring in an
alumina calciner. The model is based on solving the Navier-Stokes equation for the flow of air,
Lagrangian approach for discrete phase particles using Ansys CFD.
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Figure 2. Schematic of CFD model for a calciner with holding vessel.

This work covers analysis of the variables majorly effecting the specific heavy fuel oil
consumption from the plant data, modeling approach to simulate combustion efficiency of heavy
fuel oil and fluidization of particles within calciner and holding vessel and phase transformational
analysis using different characterization techniques to understand and validate the CFD results on
the phases formed from alumina hydrate at different temperatures, heating rates and particle size
distributions.
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2. Model Description
2.1. CFD Simulation

There is limited literature available specific to CFD simulation of the alumina calcination process.
CFD modeling of the gas temperatures and solids flow pattern in a single furnace of an alumina
calciner to assess the combustion of heavy fuel oil and the effect of temperature upon addition of
solid feed was carried out by researchers [4]. The geometry was created using Design Modeler
Ansys 2019 R2 and the polyhedra meshing was carried out using Fluent mesh 2019 R2 and
numerical simulations are carried out using ANSYS-Fluent 2019 R2.

The geometry of the 3D model consists of cylindrical and conical sections to make a combination
of calciner and holding vessel having three inlets one for hydrate injection, one for combustion
and transportation air into calciner and final inlet for fluidization air into holding vessel and one
outlet at the bottom of holding vessel. All geometric data and boundary conditions were collected
from Utkal Alumina International Limited (UAIL), Rayagada, Orissa.

From the geometry, it was assumed to have a strong swirl flow and to track particles near wall
and accurately capture wall effects, SST k- turbulence model was used. The combustion model
was developed using species transport model with addition of all possible combustion reactions.
Discrete phase Eularian-lagrangian approach model was incorporated for studying Heavy Fuel
Oil (HFO) and alumina hydrate droplet/particle trajectories. P1 method using the “particle
radiation interaction” was used for accounting radiative heat transfer equation. Radiation is
majorly dominant in the burner region where fuel droplets burns and evaporates quickly. P1 model
has an advantage of good accuracy and properly accounts for radiation between air and hydrate
particles in the calciner. Fuel oil droplet size was assumed to be uniform (100pm) from the
atomizer with steam.

2.1.1. Eulerian Gaseous Phase Equations

Continuity equation

X+ V.(0w)=0 @)
Momentum equation

%(pu) + V.(puw)==Vp+ V.(r) + pg+F 3)

Where p is static pressure, pg and F are gravitational and external body forces and 7 is stress
tensor given by,

r=p [Vu+(Vu)T—§6V0uj “4)

Energy equation between solid phase (A) and gas phase (B) is given by

a apP
52 @apaha) + V. (aapaviha) = aAa—tA + 64V — V.qu+ Xj-1Qpat 5S4 (5)

where, a, is the volume fraction of particles in the calciner, t, is the stress tensor given by eq 3,
P4 is the pressure of particles in phase ‘A’, hs and qa are enthalpy and heat flux of species in
phase A, Qga is the rate at which energy is getting transferred from gas phase B to solid phase A
and Si is the source term due to homogenous combustion reactions. Rate of energy transfer is
given by,
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Qpa = hpa(Tp — Ty) (6)

where, hga is the heat transfer coefficient between gas phase B and solid phase A and T is the
temperature of different phases. Gunn model was developed to account and calculate the heat
transfer between gas phase (air) and particles which is given by [5],

h __ 6kpajgapNuy
BA —

(7

E
where, kg is thermal conductivity of gas phase and Nu, is the Nusselt number of particle phase
Nuy = (7 — 10ap + 5a2)(1 + 0.7 ReJ . Pr033) + (1.33 — 2.4ap + 1.2a})Re " Pr033  (8)
where, Re; is the Reynold’s number at corresponding particle diameter and Pr is Prandtl number.
2.1.2. Discrete Phase Model (DPM)

Trajectory of Heavy fuel oil droplets and hydrate particles, interaction of discrete phase with
continuous were calculated from equation of motion [6] [7]

dup Pp— D

where subscript p indicates hydrate/alumina particle
For spherical particles, drag force, Fp is given by
__ 3uCp*Re
Fp = 49y DD (10)
Where Cp is given by
Cp=ap+ 2+ 2 (11)
Constants al, o2 and a3 are developed by Morsi et al., [6]
2.1.3. Particle Size Distribution
Particle size distribution for hydrate follow Rosin-Rammler distribution given by
Mp = exp(— (D/ )n) (11a)
D D,
Where n is given by
__ In(inMp)
~ ®)p,) (12)
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2.1.4. Species Transport Equation

Homogeneous chemical reactions for combustion were given under species transport mechanism.
The species transport model for homogeneous reactions containing volume fraction a, source term
for mass transfer and rate of reaction for a species i in a gaseous phase j is given by,

3 . . . . .

where, Yi is the mass fraction of species i in gaseous phase j, Ri] is the rate of homogenous
chemical reaction in gaseous phase j, Si] is the source term from the discrete phase droplets in

gaseous phase j and ]ij is the diffusive flux occurred in gas phase j due to concentration gradient,
which, for a turbulent flow is given by,

Jl = —(pDy; +5) W, (14)

D;; is coefficient of diffusion for species i in a gas phase j, W is turbulent viscosity and Sc is
Schmidt number for a turbulent flow. These values were proposed by Versteeg et al. [8].

2.1.5. Combustion Model

Heavy fuel oil in a calciner initially gets heated followed by vaporization of droplets which then
finally participates in a combustion reaction. When oil droplets reach the temperature of
vaporization, vapors of HFO are released with a rate based on the concentration gradient of oil
vapor between droplet surface Cis and gaseous phase (air), Cig. The molar flux is thus given by,

N; = kc(Ci,s - Ci,g) (15)

where, k. is the mass transfer coefficient due to concentration gradient.
Post diffusion between oil droplet surface to gas phase, a homogeneous combustion reaction takes
place. A generalized form of the reaction to yield major combustion products is as given below

CxHy,0,+ 0, — CO, + H,0 (16)
CyH,0,+ 0, — CO + H,0 (17)
2.1.6. Radiation Model

Along with convective heat transfer, radiation is the pre-dominating heat transfer phenomenon
occurring inside the calciner after combustion process due to higher temperature. To capture the
effects of droplets from heavy furnace oil (HFO) inside the calciner, P1 model was used for
calculation of amount of radiation from HFO droplets into the air flow carrying hydrate particles.
The corresponding equation for the radiative heat transfer is given by,

Vg, = —4n(aZ + E,) + (a+a,)G (18)

where, q: is the radiative heat transfer flux, a is heat absorption coefficient, o is Stephen
Boltzmann constant which is 5.67 x 10 W/m?K*, E, is coefficient of equivalent emission, a, is
coefficient of equivalent absorption and G is the radiation of incidence. Coefficients of equivalent
emission and absorption are calculated in FLUENT during particle tracking using the following
equations
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O'T;,l'n

E, = ‘;l_rf}) Yh-1 EpnApn v (19)
= lim 3V_, &, 22 20
a, = Vl—% Yn=1 Epn (20)

2.2. Calciner Model

Calcination of gibbsite or aluminium tri-hydroxide to alumina occur via an endothermic thermal
decomposition reaction which is given by

1000 °C
2AI0H): —  ALOs+ 3H,0, AH® =+185.2 kJ/mol 1)

Gas suspension calciner furnace as shown in Figure 2, comprises of a series of cylindrical and
conical sections having four inlets in total with 5 burners for injection of heavy fuel oil (HFO)
droplets having a diameter of 0.0278 m each, inlets for air enter through a diameter of 3.25 m,
fluidization air enter through 3.59 m diameter and feed hydrate enters through a diameter of 0.56
m near the bottom part of calciner and holding vessel. The calcined alumina product exits through
one outlet having a diameter of 0.63 m near the bottom cylindrical section of the holding vessel.

The computational model is built with a polyhedral mesh with a total of 1 080 000 cells. Figure 3
shown below depicts the mesh built using Fluent. Mass flow inlet and pressure outlet type
boundary condition was selected. FLUENT solver was used to incorporate all the boundary
conditions, several models viz., Two way coupled discrete phase model, species transport model,
turbulence model etc., to incorporate chemical reactions, particle injections.

Calciner
Holding Vessel

Figure 3. 3D polyhedral mesh of gas suspension calciner.

All the necessary data on building geometry, physics setup including all the inlet and boundary
conditions were collected from Utkal Alumina International Limited (UAIL), Rayagada, Orissa.
Table 2 and 3 shown below represent the boundary conditions for air to fuel ratios 22.8 and 26.5.
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Table 2. Boundary conditions of gas suspension calciner for A/F 22.8.

Name of the inlet boundary

Mass flowrate (kg/s)

Temperature (°C)

Air inlet to calciner 47.15 650
Hydrate inlet to calciner 48.88 300
HFO inlet from burners 2.07 115

Table 3. Boundary conditions of gas suspension calciner for A/F 26.5.

Name of the inlet boundary Mass flowrate (kg/s) Temperature (°C)
Air inlet to calciner 51.38 650
Hydrate inlet to calciner 46.38 300
HFO inlet from burners 1.956 115

2.3. Fluid-bed Status Graph

Quantification of calcined alumina particles after the calcination process using fluid-bed status
graph is very important to understand the effect of retention time-temperature-particle size on
product quality (a-alumina) and also identify the fluidization behavior of alumina particles inside
calciner and holding vessel. A proper fluidization is essential in an alumina calcination process to
obtain desirable product quality in terms of y-alumina and LOIL.

Several researchers have deep dived in fluidization phenomena and have proposed several types
of fluidization. Fluidization is a key factor in the current setup of a gas suspension calciner due to
its effect on retention time which is crucial in maintaining LOI and consistent alumina quality.
Proper fluidization in calciner also opens up the scope for optimization of fuel oil consumption
and reduce the undesirable alpha content in final smelter grade alumina [9].

Onset of turbulent

10 fluidized bed

1072

| . pe 0425 3

¢ AL ]'01(-“"]",\')

——0.68-1.1
(approximately)

dz
Figure 4. Fluid-bed status graph between dimensionless particle size and dimensionless

velocity [10].

240




TRAVAUX 49, Proceedings of the 38" International ICSOBA Conference, 16 — 18 November 2020

The main principle behind fluidization is that, when air is passed upward through a bed of alumina
particles, a pressure drop build-up due to the generation of friction. Upon increase in the air
velocity, the pressure drop increases until it reaches the weight equivalent to the load of alumina
particles upon the cross-sectional area. This velocity is called minimum fluidization velocity (Umr)
as shown in Figure 4. At the minimum fluidization velocity [10], all the alumina particles will be
observed to suspend, rotate across the cross section of bed, more or less uniformly. When the air
velocity exceeds the minimum fluidization velocity, pressure drop exceeds the weight of alumina
particles and they would be observed in the state of suspension. This corresponding gas velocity
at suspension is given by,

150(1 — ey )ty + 1.75(ulp) * dy = €3,(d3)’ 22)

For a further increment in the air velocity above ums, expansion of all particles which were together
is observed until a stage which is called the terminal velocity, u.. Figure 5 shown below depicts
the particles at different velocity regimes.

3. Results and Discussion
3.1. Combustion Analysis

Flow pattern and combustion analysis was performed and investigated in a 3D model of the
calciner furnace along with the holding vessel. CFD analysis was carried out for two different air
to fuel ratios of 22.8 and 26.5 for different feed rates of alumina hydrate and flow rates of air and
HFO. Overall combustion efficiency was found to be good in which HFO was completely
combusted with air after the burner zone. Mass fractions of CO, and CO show the conversion of
HFO to combustion products while the O; leaving the holding vessel outlet is the excess air which
varies with the variation in air to fuel ratio.

HFO

. 0.21

0.18
0.16
0.13
on
0.08
0.06

I 0.03

0.01

Figure 5. Mass fraction of HFO inside the calciner and holding vessel for (a) A/F — 22.8,
(b) A/F - 26.5.

Figure 5-7 depicts the predicted mass fraction distributions of HFO, CO; and CO respectively.
The fuel oil distribution at lower A/F ratio is found to be biased against the uniform cross-sectional
distribution of fuel at higher A/F ratio (Figure 5). Even though the CO2 concentration variation
is found in the calciner section, the CO; gas is found to be uniformly distributed in the holding
vessel section for both the A/F ratios (Figure 6). Nevertheless, CO gas is found to be at higher
levels for lower A/F ratios against higher A/F ratio (Figure 7). The mass fractions of all
combustion products in the holding vessel outlet was on higher side with excess oxygen for lower
A/F 22.8, while, A/F 26.5 had a slightly lower combustion product mass fraction. The higher CO
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mass fraction in lower A/F ratio is mainly due to the channeling of flue gases from calciner to
holding vessel due to biased flow. More gas sensors are being deployed in the calcination plant
to validate the composition of gases at different locations of the circuit.

CO,
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Figure 6. Mass fraction of CQO; inside the calciner and holding vessel for (a) A/F-22.8 and
(b) A/F-26.5.
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Figure 7. Mass fraction of CO inside the calciner and holding vessel for (a) A/F —22.8 and
(b) A/F 26.5.

3.2. Flow Pattern and Temperature Analysis

Figure 8 depicts the velocity vectors of incoming air carrying alumina particles for air to fuel
ratios (A/F) of 22.8 and 26.5. The ratio of air flowrate to hydrate feed rate (A/H) were maintained
to be 0.96 and 1.1 respectively for A/F —22.8 and 26.5.

From the velocity vectors, it was clearly observed that in A/F — 22.8, recirculation’s were found
to be higher with low velocities in comparison to A/F 26.5. A biased channeling flow on one side
of the calciner for A/F 22.8 was observed while a more uniform flow instead of any channeling
was observed for A/F 26.5. A channeling flow with bias on one side (A/F 22.8) would create
uneven distribution of fuel and air mixing whereas the A/F 26.5 predicted better uniform flow
pattern at the entrance of the calciner section. This non-biased uniform swirl mixing phenomenon
at higher A/F ratio helped in better fuel oil distribution and in turn would impact the mixing and
variation in temperature distribution inside the calciner.
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Figure 9 shows the particle track streamlines both in the calciner and holding vessel sections. At
lower A/F ratio, particles did experience lower velocity along with larger axial recirculation
pattern (Figure 9a) whereas the particles at higher A/F ratio experienced uniform axial upward
flow with smaller recirculation zone especially near to the top section of the calciner (Figure 9b).
However, in both the A/F ratios, the particle track in the holding vessels are found to be similar
with swirl flow pattern.

Velocity

l 20.00
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Figure 8. Flow patterns and velocity distributions for (a) A/F —22.8 and
(b) A/F —26.5.
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Figure 9. Streamlines for (a) A/F — 22.8 and (b) A/F — 26.5.

Figure 10 depicts the temperature profiles of stream of hydrate/alumina particles with excess air
and combustion gases passing through the calciner and holding vessel for different variations of
air to fuel ratios. At lower A/F ratio (22.8), due to a biased channeling flow pattern and uneven
mixing of fuel oil and air near the location of fuel injection zone, the higher temperature
(>1300°C) predictions were observed on one side of the calciner, while the other portions of
calciner were maintained between 1000 to 1150°C along the length of the calciner (Figure 10a).
Even though, the holding vessel is dominated by swirly flow, the mixing of high temperature
biased channeled gases from the calciner section drastically increased the overall temperature in
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the holding vessel, which varied from 1200 to 1300°C. At higher A/F ratio (Figure 10b), the flow
of fuel oil and air did experience a swirl mixing near the burner section, which in turn enhanced
the local combustion efficiency near the fuel injection zone and hence the temperature is found to
be uniformly distributed across the cross section near the burner region. Further, a gradual and
uniform reduction in temperature gradient was observed right from calciner inlet section till the
outlet section of the holding vessel.

LA

bt

Temperature
l 1400
1350
1300
1250

. 1200

1150

1100
I1050
1000

[

&

Figure 10. Temperature isoclips in calciner and holding vessel for (a) A/F — 22.8 and (b)
A/F - 26.5.
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Figure 11. Fluid bed status graph of alumina particles for (a) A/F — 22.8 and (b) A/F — 26.5
at above terminal velocity (Red line), above and below minimum fluidization velocity
(Green line).

3.3. Fluidization Studies

It is necessary to quantify the amount of alumina particles spending certain retention time at
temperatures greater than 1000°C. Hence, it is important to understand the effect of gas-solid
fluidization phenomena along with the particle velocity, size and retention time. For this purpose,
the predicted particle size and velocity through CFD analysis was plotted with the fluid-bed status
graph developed by O. Levenspiel [10] as shown in Figure 11.

Figure 11 shows the fluid-bed status graph to extract information of particles at different velocity
regimes viz., above terminal settling velocity, between terminal and minimum fluidization and

244



TRAVAUX 49, Proceedings of the 38" International ICSOBA Conference, 16 — 18 November 2020

less than minimum fluidization velocity. It was observed that for a higher A/F (22.8) where
recirculation’s were higher, slightly higher number of particles were found to be in the fluidization
regime. From the lab scale XRD analysis, it was identified that particle sizes (<75 p) had a higher
tendency to form alpha phase from desirable y-alumina. The aluminium hydrate sample were
collected from the inlet to calcination circuit and experimented in a laboratory muffle furnace for
different sets of temperature and heating rate before carrying out XRD analysis. For the sake of
brevity, details of XRD results are not shown in this work. Hence, for the quantification study,
retention times of finer fractions of alumina particles (<75 ) in each velocity regime at higher
temperatures (>1000 °C) were extracted [11]. Using the lab scale predictions by C.P. Steiner et
al., (1971) [12], analysis was carried out to segregate particles spending time in temperatures
greater than 1000 °C to understand and validate possible chance for alpha phase formation. It was
particularly noticed that when a finer fraction of particles (<75 ) spends time inside calciner and
holding vessel at higher temperatures (>1000 °C), chances to form a-alumina are greater due to
an enhanced heat transfer and shorter diffusion distance for reaction products for finer particles
to further transform into undesirable a-alumina. From the literature by C.P. Steiner et al., (1971),
a linear dependency between percentage of alpha alumina and retention time was observed
following zero-order kinetics [12]. Thus, the correlation for alpha content with temperature and
residence time was used to understand and validate the formation of alpha alumina from CFD
simulations. Table 4 shows the quantitative results in which correlation of percentage alpha phase
with retention times spent by alumina particles at three velocity regimes and at a temperature
1000 °C was depicted. The predictions of alpha phase by mapping CFD flow pattern results along
with the lab scale phase transformation experiments was found to be in good agreement with plant
data (Table 4).

Table 4. Quantitative particle information from CFD analysis.

%
Air to . Temperature | Retention | Particle Actual Alpha
Velocity Zone o . . alpha from
Fuel (%) time (sec) size . .
content | simulation
(<75p)
) T between
Above tefmmal 1000 - 1100 10-40 45
velocity
T>1100 15-150
Between terminal | T between 10-60
8 & minimum 1000 - 1100 09 597 5.58
: fluidization T>1100 50 -350 ' '
T between
15-145
Below minimum 1000 - 1100 02
fluidization T>1100 30-430 )
T>1100 30 -430
Ab al T between 4-15
ove termmal | 500 _ 1100 0.6
velocity
T>1100 2-12
Between terminal | T between 420
26.5 & minimum 1000 - 1100 2 4.24 4.33
fluidization T>1100 4 -70
.. T between
Belovy minimum 1000 - 1100 5-20 03
fluidization
T>1100 10-700
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4.

Conclusions

The present study mainly focused on the detailed investigation pertaining to calciner and holding
vessel section. CFD analysis was carried out to understand the flow phenomena of gas-solid
hydrodynamics along with the distribution of temperature predicted. Along with that, fluidization
analysis was carried out to understand the particle retention time and velocity and its effect on
alpha phase transformation.

1.

The lower A/F ratio (22.8) demonstrated a biased flow pattern with non-uniform mixing
pattern leading to poor combustion efficiency in the calciner section whereas the higher A/F
ratio (26.5) predicted a non-biased flow pattern with good swirl flow mixing of fuel oil and
air leading to better combustion efficiency.

The non-biased flow in the higher A/F ratio (26.5) along with the effective combustion of
fuel predicted a uniform reduction in temperature gradient starting from the calciner entry
till the holding vessel exit.

The non-biased flow in the higher A/F ratio (26.5) reduced the recirculation vortices and thus
in turn provides an optimum retention time for the desired phase transformation of particles.
The biased flow in the lower A/F ratio (22.8) and non-biased flow in the higher A/F ratio
(26.5) produced alpha phase formation by ~6 % and ~4.5 % respectively. A difference of 1.5
% was identified between two A/F ratios.

Future Work

The present work was limited to combustion and holding vessel zones of gas suspension
calciner. CFD simulation of the whole gas suspension calciner unit, which includes cooling
cyclones and pre-heater sections would be carried out for optimization of Heavy fuel oil
(HFO) consumption for different variations of feed rates.

In the upcoming CFD simulations, both SOx and NOx reactions will be included.
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