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ABSTRACT

Fluidized bed reactors are increasingly being employed in various solid processing and
energy industries. With the widening of the scope and complexity of applications, the gamut of
solids handled has increased manifold. One of the principal fields of its deployment relates to its
utility as coal gasifiers. Even though industrial coal processing in fluidized bed has been in know-
how for nearly a century now, fundamental knowledge concerning flow hydrodynamics has largely
impeded its operation and scale up to being mostly empirical. Thus the primary motivation of the
present thesis is to investigate the underlying hydrodynamics of fluidized beds affecting coal
gasifiers.

The first part of the study is focussed on deciphering velocity fields in a binary fluidized bed
(0.1 mm ID) of standard bed materials. Non-invasive Radioactive Particle Tracking (RPT) was
employed to measure the solids velocity of a bed with a mixture of glass beads of sizes 0.5 and 2
mm. The coarser fraction for the present study was varied from 10-40%. Distinct features of solids
flow were observed with varying bed composition. The mean velocity of finer flotsam (0.5 mm
particles) fractions were found to achieve higher velocity, which is reduced upon increasing the
jetsam fraction (2 mm) due to variation in bed voidage.

The second part of the thesis deals for the first time the determination of velocity fields in a
fluidized bed of coal-ash mixtures. Suitable tracers were designed and deployed to determine the
solids flow path of a typical particle through RPT. Experiments were conducted in a cylindrical
bed of 0.1 m in ID with two inventory compositions, namely, 70% Coal + 30% Bottom Ash
(Composition I) and 20% Coal + 80% Bottom Ash (Composition Il). Comparative analysis of RPT
measurements yielded overall bed behavior, which was quantified in terms of time-averaged mean

velocity, solids flux, RMS velocity, and kinetic energy per unit volume of the coal — bottom ash



mixture. The mean axial velocity and solids flux profile indicated the influence of strong slugs on
the solids flow patterns. Further, a three-dimensional transient CFD model was set up to predict
the time-averaged profiles of coal and ash concentrations. Further, the distributions were compared
against solids holdup (coal and ash) characteristics measured using y-ray densitometry, with a
single collimated source. Similarly, a comparison of measured solids velocity profiles is also
reported between the CFD-predicted and those measured by RPT.

The last part of the study dwells on Residence Time Distribution (RTD) measurements and
its analysis. The experiments were conducted by pulse radiotracer (Au-198) injection in a ‘hot’
industrial fluidized bed coal gasifier. The data obtained was treated and analyzed employing a
network model based on a cascade of perfectly mixed tanks in series. Based on the non-ideality of
flow, three flow Schemes 1, 2, and 3 were proposed whose RTD function was deduced in the
Laplace domain. These RTD functions were numerically transformed into the time domain and
were compared with that measured using radiotracing. It was noted that Scheme 3, which was
based on the backflow of solids in the bed could satisfactorily predict the actual RTD function.
Besides, the parameters of the model provided insights into the actual solids flow pattern in the
gasifier. Furthermore, the model demonstrated its adaptability in analyzing RTD of similar studies

reported earlier for both single as well as pulse injection of the tracer.

Vi
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NOTATIONS

I Penetration depth of the kth photon in detector crystal

r Radial coordinate, m

ni Fractional tracer visit

Umf Minimum fluidization velocity in transition bed,ms™

I Normalized superficial velocity, [-]

Ug Superficial air velocity,ms™

z Axial coordinate, m

Gs Axial mass flux, kg/m2-s

Vi Instantaneous solid velocity, ms™

V_i Time-averaged solid velocity, ms*

v, Fluctuating solid velocity, ms™

d Distance traversed in gas-solid medium, m

e Restitution coefficient,-

g Gravitational constant, ms

A Source strength (Bq)

C, Calculateo! and measured count for the detector j using Monte Carlo model for
’ detector J

CM

H, Hw, Hn  Expanded Bed height, m
J Interphase energy exchange

k Granular Conductivity, kg, m™2s?

XXi



P Pressure, Nm

t Time, s

Greek Letters

o Fraction of recycle stream in Schemes 1,2 &3, [-]

ﬂ Momentum exchange coefficient and Fraction of volume of bottom bed, top
bed, recycle and freeboard in Schemes 1,2 &3, [-]

ZZ Errorin Eq. 3.4

5 Fraction of backflow in Scheme 3, [-]

g Phase holdup,-

Y Collision dissipation of kinetic energy and Fraction of bypass stream in
Schemes 2 &3, [-]

My and Linear attenuation coefficients of the detector and intervening medium
between source and detector

Hm

U Viscosity, kgms?
Number of photons emitted per disintegration (radioactive source property)

1%

Fraction of total energy spectrum captured by the detector

Errorin Eq. 3.3

ASTEEEAU D "SR SN

Density,kgm

Qk Solid angle fraction of the kth photon

Stress, Nm

Nl
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) Granular temperature, m?s™
Subscripts

a Ash

c Coal

f air

[ Phase

S, Solid phase

d diameter, um or mm

C Concentration, [SI]

D Dispersion [m?/s]

E RTD Function, [1/s] or [1/min]
Gs Solid Flux, [kg/m?3-s]

M Number of times a tracer/fluid element undergoes recirculation in Schemes 1,2 and 3
N Total data

Ug Superficial gas velocity [m/s]

S Complex Laplace domain

t time, s or min

B Bottom Bed

T Top Bed

F Freeboard

R Recycle

p Particle

1-3 Schemes 1, 2 and 3
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Abbreviations

ADM

AR

MC

MC-RGA

RANS

RMS

RPT

RTD

Axial Dispersion Model

Aspect Ratio

Monte Carlo

Monte Carlo Real Coded Genetic Algorithm
Reynolds Averaged Navier Stokes

Root Mean Square

Radioactive Particle Tracking

Residence Time Distribution
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