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Abstract

The present research work is focused on the disengagement of liquid-liquid dispersion
in a batch and continuous gravity settler using measurements and numerical simulations in
OpenFOAM. Further, to developed an experimentally verified computational model that can
predict the dynamics of such liquid—liquid flow in continuous and liquid phase disengagement
in batch settler under different flow conditions (e.g. flow rate and fluid properties), internals
(e.g. baffles, picket fence), different geometrical features (e.g. settler length, position of outlets,

position of end—plate) and with different phase ratios.

Three—dimensional Eulerian—Eulerian (EE) simulations were performed by developing
further the twoPhaseEulerFoam module of OpenFOAM. The effects of total liquid flow rate,
drop diameter and organic phase density were investigated. The predicted effect of total liquid
flow rate on dispersion—band thickness and organic phase volume fraction were compared with
the measurements performed in a laboratory—scale continuous gravity settler. The drag
coefficient correction factor was introduced in the drag model to account the drop swarms, led
to improvements in the predictions of dispersion—band thickness and dispersed—phase volume
fraction. The predicted results were found to be in a satisfactory agreement with the
measurements. The observed difference in the measured and predicted results was due to the

constant drop size considered in simulations.

The twoPhaseEulerFoam module was further used to perform EE simulations to study
the effects of settler geometry (settling area, locations of aqueous phase outlet, position of end—
plate) on the liquid—liquid separation in a continuous gravity settler. For a given flow rate of
the dispersion, increase in the settler length (for a fixed width) led to increased settling area
and also to increased residence time. It was found that, for settlers with L/W > 1.5, the insertion

of picket fence did not improve the separation performance. However, for smaller L/W, the
\



insertion of picket fence led to a reduction in the dispersion—band thickness. The reduction in
the aqueous outlet and end—plate height after certain level, no phase separation was achieved.
A new correlation was developed for prediction of the dispersion—band thickness that
successfully predicts the effects of dispersion flow rate, settling area, inlet baffle opening

position, inlet phase ratio and the density ratio.

Further, the need of batch settling was studied by performing experiments in a
laboratory—scale batch settler and later EE simulations were performed using the same
geometry and dimension of the settler. The effects of organic (dispersed) to aqueous
(continuous) phase ratio (o./ab), impeller speed and phase properties were studied in detail.
The predicted and measured dispersion—band thickness (position of active and passive
interface), organic (dispersed) phase volume fraction were compared and a satisfactory
agreement was obtained. As expected, high impeller speed generates smaller drop size that led
to a longer time for phase separation. For a fixed impeller speed, decreasing the a./ap ratio
reduces the separation time (case of varying initial dispersion height). However, the phase
separation time is increased significantly when the a./ab in a constant initial dispersion height
system is decreased. It was observed that due to high interfacial tension, kerosene—water system

took longer time for phase separation compared to dodecane—nitric acid system.

The multi—fluid EE simulations (with and without PBM) were performed in the batch
settler. The integration of a stand—alone population balance (PBM) code in the OpenFOAM
CFD solver was carried out. The CFD+PBM solver (multiPhaseCfdPbmFoam) was used to
perform 3D/laminar simulations in a batch settler to see the predictive capability of the model.
For this purpose, the predicted active/passive interface and organic phase volume fraction
distribution are compared with the measured data. The present work will be useful for the

design of an optimal continuous settler configuration.
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A

Acs
b(v)
Be

Bo

C1, C
C1-Cas
C1-C'
Co

Co
Cwm
ds

dd

Dc

Db

EO

f(x, t)

G, Ge

hi, h

Nomenclature

Settling area, m?

Cross-sectional area of the settler, m?
Breakage frequency, s™!

Birth term due to coalescence, m®/s

Birth term due to breakage, m>/s

Model parameters in turbulence model, (-)
Adjustable parameters, (-)

Adjustable parameters, (-)

Drag coefficient, (-)

Lift coefficient, (-)

Virtual mass coefficient, (-)

Bubble diameter, m

Diameter of drop, um

Death term due to coalescence, m*/s
Death term due to breakage, m®/s

Eotvos number, (-)

Particle number distribution, (-)

Force, N

Turbulence generation, extra source of turbulence due to dispersed phase
Gravitational constant, m/s’

Initial and critical film thickness, m
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H(x, t) Population balance equation source term

H Dispersion band thickness (or dispersion height in batch settler), m
Hp Baffle opening height, cm

Ht Height of the end-plate, cm

k Turbulent kinetic energy per unit mass, m?/s
L Settling length, m

Li i abscissa, m

<ly> Average distance between bubbles, m

le Integral length scale of turbulence, m

Mk k™ moment of bubble size distribution

M Interphase momentum exchange term, kg/m?.s
N Number of phases, (-)

P Pressure, N/m?

p Drag correction factor, (-)

Pow’) Breakage probability term, m™

Pc Coalescence efficiency

rry,nr Bubble radius, m

Ra Film radius, m

S Source term due to coalescence and breakage
Q Flow rate, 1/hr

Qt Total flow rate, 1/hr

Qd Disperse phase flow rate, 1/hr

Re Reynolds number, (-)

t Time, s
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Residence time, s

Ur, Ur2 Terminal rise velocity of bubbles, ms!

Urel Relative velocity between bubbles, ms!

U Phase velocity, m/s

Vi Settling velocity, m/s

V180X Volume influenced by a wake m?

V, Vi, V2 Bubble volume m?

Wi i weight, (-)

X Internal variables, m®

XY, Z Spatial coordinates (along width, height and depth, respectively), m
v Velocity of particle, m

Greek Letters

@ Dispersed phase hold-up/volume fraction, (-)
p Continuous phase hold-up/volume fraction, (-)
& Energy dissipation rate, m?/s

7 Viscosity, kg/m.s

Mo Effective viscosity, kg/m.s

y Kinematic turbulent viscosity, m%/s

P Density, kg/m?

) Interfacial tension, mN/m

r Stress tensor, Pa

I'(x"x-x’) Coalescence kernels, (-)

Yi Fraction reassigned to nearby classes pivot, (-)
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é12 /12

n Test function, (-)

Superscripts

D, VM, L Drag, virtual mass and lift force, respectively

c, b Continuous phase

d, a Dispersed phase
Subscripts

GorlL Gas or liquid phase

i Interface

k Reference to phase k

lam,, eff Laminar, turbulent, effective
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