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Preface

More and more mineral resources are consumed with the increase of population,
the development of economy, industrialization and urbanization. Human being will
meet the danger of resources exhausted. Because the mineral resources are
continuously used by man, there are more and more mines that are bad quality, little
grains embed together, accrete, and component complicated, and that are very
difficult to select. Synthesized and efficient utilization of mineral resources, selection
of micro—grains of mine, utilization of recycle resources, reselection of gangues, and
so on are important tasks with which human will be confronted in the 21st century.

Microbubble flotation is a very efficient method for the selection of micro—grains
of mine, the division printing ink from waste paper, cleaning industrial waste water,
ete., so it is an urgent research direction. New microbubble flotation methods, new
microbubble flotation columns and applications of microbubble flotation are being stud-
ied. The bubble generator, which is the most important key technique, is a
researching key point. On account of that there is not a long time for the development
and application of microbubble flotation, the research about principle, structure and
operating parameters is not very good. It is needed continuously to solve the problems
about easy log—jam and inconvenient operation of microbubble generators. The genera-
tion and control of microbubbles is a bottle-neck problem of wider applications of mi-
crobubble flotation. It is needed to study thoroughly about the theory and application of
generation of microbubbles in microbubble flotation.

In various new microbubble generators, the fluid microbubble generator has good
characteristics in: the generated bubble’s diameter is small, there is more air in the
flow, there is a good dispersion of bubbles and it can produce turbulent vortex that are
useful for mutual actions between bubbles and mine grains, and useful for material se-

lection. The dissertation selects the fluid microbubble generator as a typical research
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object. The microbubble generators such as jetting, swirling, mixed flowing, self-ab-
sorption shear flow micropores were studied. The method of analysis evaluating the per-
formance of microbubble generators was studied. The method of detecting the height of
liquid level and the thickness of foam layer was studied too. And the design of the de-
tection device was carried out.

In the fluid microbubble generator while it produces microbubbles the flow is an
intricate three phase flow of air, solid and liquid. Because a little change in property,
flux, and flow states etc. of three phase flow will influence the result of microbubble
generation and microbubble flotation, it is necessary to study the three phase flow me-
chanics mechanism of microbubble generation.

Followings are the main research contents in the dissertation;

First, the mechanism of microbubble generation and a fluid microbubble
generator has been studied. The dissertation has studied and analyzed the function and
key technologies of microbubble flotation, the working principle of fluid microbubble
generator, the theory of microbubble generation, the mechanism of microbubble gen-
eration, the effects of gas bells, the mechanism of microbubble separation and the
mechanism of microbubble generation in the fluid microbubble generator. It has
studied and analyzed several of mechanics that would act on a bubble in the fluid, the
influence actions of these mechanics for microbubble generation and the mechanics
that will exist in the fluid microbubble generation process. It has analyzed the structure
of the fluid microbubble generator, the functions and influences of every component for
microbubble generation. And it has also studied and analyzed bubble’s size and
bubble’s characteristics, bubble’s integrating gather and bubble’s crashing law,
bubble’s dispersion and thronging together, the mutual action between bubble and
mine plasma, the influence factors that will decide the stability and size of bubble,
and so on. The mechanics mechanism model, which expresses bubble’s division
through the collision between a bubble and a single mine grain, was proposed.

Second, the dissertation has studied the mechanism of three phase flow
mechanics for microbubble generation. Based on the hydrodynamics, the theories of
multiphase flow and turbulence, the multiphase flow models and typical applications
have been summarized. It has studied and analyzed the mechanics theory of air, solid,
and liquid three phase flow in microbubble flotation, the law of microbubble genera-
tion, bubble’s movement and change, the key influence factors for producing micro-

bubble. The granules of bubble were taken as a kind of virtual fluid. According to the
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basic idea of two flow model, a mechanics mixed model of air, solid, and liquid three
phase flow has been set up. This mixed model will describe the flow running in the mi-
crobubble generator. Based on the k — & — k, turbulent flow model, the k — & -k, - k,
multiphase turbulent flow model has been proposed. Relative theories were built up for
studying mechanism of three phase flow in microbubble generation.

Third, the numerical simulation analysis, based on CFD ( Computational Fluid
Dynamiecs) , has been done. The dissertation has introduced briefly the development
of CFD, the main processes, CFD numerical simulation methods, FLUENT software
and its main functions. It built a numerical prototype of fluid microbubble generator
that is a key technology and device in microbubble flotation. And then the numerical
simulation analyses have been done by computer simulation technology. Using CDF
theory and computer simulation technology, the numerical simulation computations
have been done from two phase flow to three phase flow. The important parameters,
such as velocities at different parts, pressures, coupling actions intensity, etc. of the
flow in the fluid microbubble generator, have been analyzed qualitatively and quantifi-
cationally. Combined with the created mixed model of three phase flow, mechanics
features of air, solid, and liquid three phase flow as jetting flow in the microbubble
generator have been numerically simulated. The results showed that the mixed model of
three phase flow is reasonable. Some valuable conclusions have been obtained. And
they are good valuable references and a fundamental theory for designing and
improving fluid microbubble generators.

Fourth, in the experimental research, based on the proposed theory of three
phase flow and the design theory of fluid microbubble generators, the physical proto-
type and experimental device of microbubble generator have been designed,
fabricated, fixed and adjusted by myself. A series of different operational and
structural parameters, which would influence the microbubble generation, were
studied experimentally. It means that different factors, such as different working pres-
sures, different air charges, different output pressures, different distances of throat
and nozzle, different proportions of throat pipe lengths and diameters, aperture boards
and griddles, different forms of diffuse pipes connected with a column, which will in-
fluence the microbubble’s generation, have been studied experimentally. The experi-
ments and applied researches of the microbubble generators such as jetting, swirling,
mixed flowing, self-absorption shear flow micropores were carried out. The

experimental results shows that the proposed theory of three phase flow and the design
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theory of fluid microbubble generators are correct. The validity of numerical simulation
computations was validated. This dissertation affords valuable means for designing and
testing fluid microbubble generators, and affords valuable references for researching
microbubble flotation.

Fifth, the analysis and evaluation system of microbubble generators’ performance
was established. It studies the performance analysis and evaluation of the microbubble
generators, and clarifies the purpose and significance of establishing the analysis and
evaluation system, which is helpful to optimize the performance of the microbubble
generators. The functional requirements, composition structures and overall implemen-
tation methods of the system were analyzed, and the four modules are divided into
structural parameterization modeling, solution and operation parameters discretization,
data analysis and data query and management. The functional analysis, implementation
method and program development of each module are studied. The functional parame-
ters of the performance of the microbubble generators are analyzed, and the multi-
structure parameters combination and the multi-operation parameters combination of
the microbubble generators, batching, automated and orderly analysis are analyzed.
According to the relevant indicators the performances can be evaluated, while a large
number of data can be effectively managed.

Sixth, conductivity method is used to detect the liquid level, the thickness of the
mineralized foam layer. The differences in the physical properties between the slurry
and the mineralized foam are studied. The liquid level and the thickness of the miner-
alized foam are measured according to the differences in conductivity within the slurry,
the mineralized foam and air layers. A conductivity level sensor based on the dielectric
conductivity difference and the whole detection device were designed, and the meas-
urement of the slurry level (working back pressure) and the thickness of the mineral-
ized foam layer was completed at the same time.

In conclusion, this dissertation takes the selection of micro-grains of mine as real
application background. In order to solve the problem of micro-grains flotation, the
mechanics mechanism of three phase flow in a fluid microbubble generator was
studied. It provided the theory for designing devices of microbubble flotation and ap-
plying the technology of microbubble flotation to reality. For founding the mechanics
models of three phase flow, numerical simulation arithmetic was studied, the mechan-
ics problems of three phase flow were solved in numerical simulation calculation by the

theory of Computational Fluid Dynamics ( CFD). The capability of the microbubble
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generator was analyzed. Based on the results of theoretic research and numerical simu-
lation analysis, the microbubble generator and its experimental device were developed.
And the capability of the microbubble generator was analyzed theoretically and experi-
mentally. Under the different working conditions the capability of the microbubble gen-
erator and the microbubble generation were studied. According to the experimental re-
sults , the useful references, which included the theoretic research of microbubble gen-
eration, computer numerical simulation, and real development and design, were sum-
marized. The dissertation sets up a whole set of efficient methods for designing and tes-
ting hydro-mechanisms and provides valuable reference for developing and applying

fluid microbubble generators and microbubble flotation.

Key Words: microbubble flotation ; microbubble generator; mechanics the-

ory of three phase flow; computer simulation, analysis
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