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Abstract. This paper analyzes the dependence of properties of
turbid flow on the dispersion composition and concentration of
solid particles. The article presents the features of the transfer of
river suspended solids and water in the pressure stations, that is, the
effect on the distribution of kinematic and dynamic parameters of
the flow of suspended particles of hydraulic transport.

1 Introduction

In construction, mining, chemistry, pressure pipelines are used for the hydrotransportation
of dispersed systems. To increase their productivity, one of the most important tasks is
creating calculation methods, in conjunction with the physicochemical and mechanical
properties of the phases of the system, the composition of dispersed systems, their viscosity
[1-3]. It is known that research works aimed at the development of energy-saving methods
for ensuring the hydrotransport of dispersed systems through pressure pipes, as well as new
methods and technologies for improving the methods of transferring dispersed systems
through pipelines, taking into account their concentration, mechanical composition, and
structure in such industries as the mining industry, water management, construction [4-7].
In the hydraulic transport of dispersed systems through pressure pipes, the main
hydraulic parameters are pressure losses and the critical flow rate. Currently, the high
energy intensity of hydrotransport systems used in production, particularly in the mining
industry, construction, water management, is one of the main factors of the low efficiency
of their functioning [8-10]. The essence of this process is determined by the peculiarities of
dispersed systems, first of all, by the granulometric composition of solid particles and their
volume concentration. The mutual influence of liquid and solid particles during their joint
movement was revealed by a peculiar loss of pressure and determination of the carrying
capacity of the flow [11-13]. The granulometric composition of solid particles of dispersed
systems and their concentration affect both the change in the average flow rate and, as a
result, the change in the hydraulic and energy parameters of the pressure system [14, 15].
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Modification of dispersed systems can be carried out at the stage of hydrotransportation.
The use of low molecular weight organic materials and secondary products is promising.
Modification of dispersed systems is a process in which a composition based on a liquid
polymer binder penetrates into the pores and capillaries of particles of dispersed systems.
For modification, solutions, dispersions, and melts of thermo- and thermosetting plastics,
dispersions, and solutions of elastomers and some monomers, oligomers of secondary
products of production are used. To improve the wettability of materials, surfactants are
introduced into the impregnating composition [16,17]. The introduction of non-nanogenic
surfactants in an amount of 0.5-3% facilitates the hydrotransport of dispersed systems.
Surfactants promote effective dispersion of their particles, increase the speed and degree of
hydrotransport, the service life of units and pipelines, and reduce hydrotransportation costs
[18, 19].

In light of the foregoing, the purpose of this study is to modify dispersed systems to
improve the method for calculating the kinematic and dynamic parameters of slurries in
pressure pipes, taking into account the variability of the mechanical composition and the
number of slurries.

2 Methods

The work uses standard methods and instruments, such as IR spectroscopy, viscometry,
methods for studying hardness, adhesion, tribotechnical properties of dispersed systems,
and also used experimental, field-observational, and generally accepted hydraulic methods,
compiling mathematical models based on the laws of hydromechanics, together with topics,
mathematical, statistical methods in the processing of experimental data.

3 Results and discussion

In construction, mining, chemistry, pressure pipelines are used for the hydraulic transport of
dispersed systems. One of the methods is the modification of dispersed systems with low
molecular weight organic compounds to increase their productivity. Gossypol resin, which
is a secondary raw material of low-fat production, was selected as a modifier. The gossypol
resin contains polyphenols, fatty acids, hydrocarbons, nitrogen- and phosphorus-containing
compounds, as well as gossypol transformation products. Its appearance is a viscous-
flowing mass, color - from dark brown to black, the acid number of KOH - 50-100 mg, ash
content - 1.0-1.2 wt. %, moisture, and volatile matter content - up to 4-6%, solubility in
acetone - 70-80 wt. %, specific gravity 3—0.98-0.99 g / cm, saponification number KOH -
80-130 mg.

In the work, we used gossypol resin of fat-and-oil plants, obtained from the distillation
of fatty acids at a temperature of 220-2300C, containing in its composition from 40 to 50%
of condensation, polymerization, and reaction products of gossypol. Modified dispersed
systems are formed in the hearth of a metallurgical plant with 1% gosypolovy resin.

When obtaining the equations of motion of modified dispersed systems (MDS) in
pipelines, stable motion in cylindrical pipelines was considered as a two-phase flow based
on mathematical models [4,6,11]. Using one of the basic equations of hydrodynamics - the
theorem on the quantitative change in motion, separate equations for the flow of liquid and
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modified solid particles of a two-phase (liquid + modified solid particles) flow, stably
moving through a cylindrical pipe, have been compiled.

As a result, the change in pressure along the length of the pressure pipeline L according
to the laws of hydraulics and concerning the speed of each phase is expressed as follows:
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where: K, = AL
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is coefficient of phase interaction;

p, is the density of the liquid; Cyis concentration of solid particles; p, is the density of

solid particles; A is coefficient of hydraulic friction.

191 is the flow rate of the fluid,; :92 is the speed of solid particles; AL is the distance

between the considered sections; AP is the pressure difference between sections; D is the
pipeline's diameter.

The peculiarity of this expression is that the difference between the change in the
pressure of the fluid flow and the flow rate of the modified solid particles leads to a change
in the value of the hydraulic resistance. This suggests that the greater the difference in
speed, the higher the head loss can be. The movement of modified solid particles occurs
simultaneously with the carrier liquid itself and at a minimum speed of interfacial slip.

Using the above expressions, the liquid flow rate (), and the solids flow rate (), are

respectively determined in the order shown:
O =0-9; 0, =0, 2)
where w4, w, are, respectively, the area of the flow of liquid and solid particles;

@, = o(1—C,) is fluid flow area; @, = WC,, is the area of flow of solid particles, C,

is the concentration of solid particles.
8=9,C,+4 (1-C)) $=3+39,C, 3)

where 3, is the sliding speed;

The specificity of MDS movement in cylindrical pipes was considered a critical mode
of movement and during the movement of modified solid particles through pipes as a
minimum hydraulic resistance. Changes in hydraulic resistance in dispersed systems were
considered a relationship between the forces of friction and pressure. The dependence of
the critical velocity of dispersed systems corresponding to the critical regime, depending on
many factors, including the volume concentration of solid particles, particle size
distribution, as well as physical and mechanical characteristics, the pipe diameter is
reflected to a certain extent in many works of scientists [20, 21].
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In the studies carried out, the study of the dependence of the critical velocity on the
average particle diameter showed that the structure of the modified solid particle and the
value of its velocity affect a certain limiting value of the particle size itself. When
evaluating the value of the critical speed, it is necessary to consider the granulometric
composition of the modified solid particles separately. Based on the above facts, the
following formulas are proposed for calculating the critical velocity, proceeding from the
equilibrium state of friction and pressure forces for the flow under consideration, the
critical velocity for a slurry with solid particles of the same diameter:

oD
3, =3 3,/dl.2 4)

The following formula for the critical velocity for dispersed systems with modified solid
particles of various diameters is proposed:

3, =B “l; 3fd? )
/I(Y =

where ﬁe is the coefficient of hydraulic friction of dispersed systems; d ; 1s solid particle

diameter, D is pipeline diameter; 4, — is the dynamic coefficient of dispersed systems, o

is coefficient.

The coefficient taking into account the heterogeneity of the composition of modified solid
particles:

d
_ 10 (6)
B=1C

90

where: d, and d,, are respectively, the amount of modified solid particles in percent,

d,, and d,, is determined based on the granulometric composition of the modified solid

particle. Using certain possibilities of the theory of motion of modified dispersed systems in
pressure pipelines, the calculated dependences of the hydraulic parameters of the
hydrotransport of modified solid particles through the proposed critical speed are proposed.

The research was carried out in such production facilities as pressure pipelines of a
mining and metallurgical plant. In the studies carried out, surveys were carried out in
pressure pipes with various concentrations of dispersed systems. Hydraulic processes in
pressure pipelines were studied as highly concentrated dispersed systems. The
concentration value in the flow was Cy = 0.4-0.6. In the studies carried out, along with the
hydraulic processes of the flow, the granulometric composition of solid particles in the
structure of dispersed systems was also studied (Figure 1).
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Fig. 1. Histogram of the fractional composition of dispersed systems

The influence of the granulometric composition of solid particles on the carrying capacity
of dispersed velocity systems has been studied (Fig. 2).

Based on the results obtained, the critical state of the flow was estimated. An analytical
dependence is given for the coefficient taking into account the different sizes of a solid
particle, # which is the main parameter in determining the critical velocity. Taking

advantage of the known possibilities of the theory of the movement of solid particles of
flow through pressure pipes, the calculated dependences of the hydraulic parameters of the
hydrotransport of modified dispersed systems in the proposed pipe systems are proposed.

The hydraulic calculation of its parameters during hydrotransport is carried out as
follows: the particle size distribution of solid particles, the length of the pipe L, the density
of the solid particle, the density of water, the concentration of the solid particle C, the flow
rate of the solid particle Q, the carrying capacity of the flow are determined. It is necessary
to determine the flow rate of water capable of carrying out the flow rate of a given solid
particle during hydrotransportation, as well as to determine the critical velocity of dispersed
systems in the pipe, which can provide the volumetric flow rate in the critical mode of
hydrotransportation [22-24].
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Fig. 2. Graph of the dependence of the coefficient of hydraulic friction on the Reynolds number

Having determined the specific head loss in the pressure pipes, we will also reveal the
given flow rate for modified dispersed systems and the required pressure for hydraulic
transport:

i 0

== 7
D o’ -2g @

Based on these equations, it is possible to trace changes in the pressure loss due to
changes in the speed of modified dispersed systems (Fig. 3).
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Fig. 3. Graph of specific hydraulic resistances in dispersed systems

As can be seen from this graph, as a result of an increase in the value of the slurry
concentration, changes are also observed between the specific hydraulic resistance of the
flow and the flow rate.

The flow rate of slurry in the pressure pipes, based on the above results, can be

determined as follows:
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Thus, new dependencies are recommended for the critical speed and flow rate of
modified dispersed systems, leading to a minimum value of hydraulic resistance in pressure

pipes.
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Fig. 4. Graph of the change in the comparative energy together with the change in the concentration
of modified dispersed systems in hydrotransport

When assessing the operating mode of the hydrotransport system in pressure pipes,
along with an increase in the concentration of modified dispersed systems, a decrease in its
hydraulic resistance and the amount of electricity is observed compared with unmodified
disperse systems. Therefore, in this study, by finding the critical velocity that takes into
account solid particles consisting of various fractions, they were determined using the graph
(Fig. 4), which provides the minimum values for hydraulic resistance and energy for
unmodified dispersed systems [25-27].

The flow parameters in the process of hydrotransportation are calculated as follows:

Where:
Slurry head: H, =H[1+ G j
0,45
€)]
Specific weight of slurry:
P
Vs
Slurry power:
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Ny =y H O (11)

Specific energy: E = Np (12).
Or

During the calculated period, the power consumption of hydrotransport, provided with
the parameters and concentration of modified dispersed systems, will decrease by an
average of 17%. In addition, in the studies carried out in the mining industry, the
hydraulically most advantageous pipe diameter was determined. As a result, metal
consumption is reduced by 19%.

4 Conclusion

As a result, the recommended modifying additives gosypol resin for dispersed systems and
its movement in cylindrical pipes; an operating model that takes into account the
concentration of turbidity in the flow and the structural composition of dispersed systems;
methods for calculating the flow parameters in the process of hydrotransport of modified
dispersed systems for the hydraulically most favorable state, taking into account the
variability of its concentration , recommended in cylindrical pipes of specific head losses
for liquid and solid flow and the effect of variability of the mechanical composition of
particles and concentration of turbidity on the flow rate and power of the modified
dispersed system, substantiated the dependence of the hydraulic friction coefficient on the
flow regime, taking into account the variability of the concentration of solid flow in
modified dispersed systems, based on the statistical analysis of the data obtained, the
correlation coefficient was (12 = 0.83), a mathematical expression of the relationship
between the coefficients flow rate and Reynolds number, a method of calculating, based on
theoretical and experimental studies, the carrying capacity of the flow corresponding to the
minimum specific energy in cylindrical pipes in the process of pressure hydrotransport is
recommended.
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