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Abstract

Anthropogenic pollution of water resources is one of the most serious
problems of modernity. With increased urbanization, industrial sector development
and agriculture intensification often occurs water pollution municipal, industrial
and agricultural effluents, which causes such changes of the natural waters
properties and composition in which the water is completely or partially become
unfit for consumers.

Due to the current economic situation in Georgia and existing problems in the
legislation, the state of wastewater treatment infrastructure is not good. Domestic
and industrial effluents, in many cases, without any treatment flow into water
bodies, causing damage to their ecosystem.

The way out of the current situation is the modernization of wastewater
treatment systems and the use of new, advanced technologies, as well as the most
relevant is the use of existing, inexpensive and effective methods of treatment.

One of the main parameters used for the calculation of constructions for the
phases separation is the velocity of sedimentation of suspended particles, due to
inaccuracy of calculation of which the suspended particles either have no time to
settle to the bottom of the settling tank and follow the removed water, or the
dimensions of the treatment constructions are much higher than optimal, which
significantly increases their cost value.

It is necessary to achieve the maximum effect of the sedimentation at minimal
costs. One of the ways to solve this problem is the study of the basic characteristics
of the wastewater and the scientific justification of the data used in its calculations.

More precise definition of sedimentation velocity in different concentrations
and modes will facilitate the proper selection of dimensions of settling tanks,
increase efficiency of constructions for dispersive phases separation and improve
water treatment quality.

The aim of the thesis is to determine the regularities of sedimentation of
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suspended particles, for the calculation the constructions for wastewater treatment
- sedimentation tanks, particulary, clarify the methods of calculation the velocity of
sedimentation.

On the base of theoretical research the following results have been obtained:

e In the laminar mode, based on the equation of balance of the forces acting on
the particle, using the physical characteristics of the particles and the liquid, an
equation for calculating fall down velocity of a small spherical particles, both
for accelerated and stationary motion have been obtained;

e As a result of the analysis of the equation for calculating fall down velocity of
spherical particles in the accelerated mode, until the transition to a stationary
mode, the motion duration and the distance passed by the particle have been
determined,

e In the laminar mode, based on Newton's Second Law, taking into account
velocity of the particles and the flow velocity, an equation for calculating the
dependence of relaxation velocity on time and for calculating the distance
passed by the particle before reaching the flow velocity have been obtained:;

e During the sedimentation of the consolidated cloud of particles, under the
condition of equality of resistance forces acting on partially permeable and
impermeable clouds, taking into account the physical characteristics of the
particles, an equation of the boundary concentration of particles have been
derived, at which partially permeable sedimentation mode changes to
impermeable sedimentation mode;

e Based on the hypsometric law, taking into account the initial particle
concentration and velocities in laminar and transient modes, a dependence of
the volumetric concentration of suspended particles on the settling depth have
been obtained, which also takes into account the wastewater temperature;

e Under the condition of equality of resistance forces acting on the particles during
flow around the particle in laminar and transient modes, the boundary value of
concentration and depth of settling have been obtained, at which the laminar

flow mode passes into the transient flow mode;

e Based on the results of experimental and theoretical studies of hindered settling
of suspended particles and using a cell model of the particle distribution in a

liquid, the effective values of dynamic viscosity of fluid, resistance coefficient,
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Reynolds number and fall down velocity have been determined;
e In laminar mode, based on the equation of balance of forces acting on the
particle, taking into account the effective values of the resistance coefficient and

fluid density, differential equations of settling velocity of particles in hindered
settling have been obtained.

This equations can be used to determine the regularities of sedimentation of
suspended particles as in free mode of settling during accelerated and stationary
motion, as well as in hindered settling when the velocity of particle sedimentation
decreases.

Using the results obtained in the thesis, it is possible to determine the optimal
dimensions of constructions for the phases separation, which ensures required result

of the wastewater treatment with minimal cost value.
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