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Summary.  In the 

filtering in systems of reverse water supply in production of 

construction materials are considered. The scheme of experimental 

installation is provided for realization of pilot research of the 

given. The plan of three-

wastewaters is developed, researches are conducted and the regression 

spended 

materials is received. Dependences for calculation of the residual 

content of the suspended materials depending on initial concentration 

of impurities, the ratio of a useful and slime expense on the filter and 

the consumption of the processed fluid are established. It is 

established that in the production of construction materials the 

installation of reverse water supply systems with application of 

hydrodynamic filtering allows using effectively its advantages and 

providing more rational use of energy and natural resources. 

Key words: Productions of construction materials, industrial 

wastewaters, reverse water supply, hydrodynamic filtering, 

concentration, expense, residual concentration of impurity, refinement 

effectiveness  

 

 

INTRODUCTION 

 

Water in industrial production is essential for ensuring 

primary and secondary technological processes, as well as 

fire-fighting, domestic and drinking needs of enterprises. 

The  and  of technical water which is 

necessary in any production is defined by the scale and 

nature of its technological processes. Properties of utilized 

water,  cost of water supply systems and water disposals 

substantially define  and prime cost of products and 

also  conditions of the rational use of natural resources. 

Reserve for water resources saving at any production is 

the use of circulating water supply where much depends 

on the technology of wastewaters refinement. With the 

installation of recycling systems for industrial water 

supply there are additional reserves on consumption of 

fresh water and reduction of wastewaters into reservoirs. 

Industrial wastewaters refinement represents an important 

technological and methodical problem in developing 

effective ways for recycling refined water in industrial 

processes. 

Fluids’ refinement from various types of impurities 

that they contain is a widespread problem. It is constantly 

processes. 

Fluids’ refinement from various types of impurities 

that they contain is a widespread problem. It is constantly 

faced not only in communal services and on the domestic 

level but also in all the branches of industrial production 

processing and also the production of construction 

become soiled generally by mineral insoluble impurity.  

For the majority of PCM,  in the technological processes 

water is the main working medium. The use of polluted 

dumping in water objects or in reverse schemes with the 

R

at their outlet in reservoirs 

application causes broad use of various refinement 

methods and technologies. While choosing a method of 
impurities refinement not only their structure in 

have to satisfy waters refinement: when disposing in a 

reservoir, and at a reuse of the refined wastewaters in 

production - 

realization of actual technological processes.  

The current situation is characterized by increasing 

condition of the surrounding water medium, the developed 

level of understanding of environmental problems demand 

restriction of unjustified expenses of water resources and 

industrial wastes disposing in natural reservoirs. Despite 

the increased scientific and technical capabilities, the 

problem of water surface protection and in particular 

sanitary protection of water objects from impurity remains 

valid 

choice of optimized technological schemes of industrial 

water supply refinement is a complex challenge that is 

caused by a variety of the water impurities and great 

lity. The techno-

economic rating of the ways of water preparation has a 

great significance for the preparation of industrial water 

from industrial wastewaters or insuring conditions of the 



 

particles in a fluid flow near the filtering element. In this 

theory it  

represents the plate covered with regularly located holes 

 

In case of the standard refinement scheme of the 

polluted fluid flow it goes perpendicularly lane. 

Only those particles whose linear size is lesser that the size 

of filtering unit do not linger on it. Particles of the bigger 

size cumulate from the incident flux and gradually "clog" 

the polluted fluid its capacity decreases, drop of pressure 

on it increases and finally it becomes soiled and loses 

working capacity. 

pressure losses on it overrun allowable maximum 

provided by its desi

the clogged filter to an initial state by replacement or 

effective flushing which is defined by type of the filter and 

nature of the detained substances in it. Running time of the 

filter between two consecutive flashings is called a 

filtering cycle. 

backwash, replacement or regeneration. To increase 

contaminant capability 

necessary to increase its surface and volume considerably. 

Therefore such way of fluid refinement is far from perfect 

in terms of technical and economic indicators as for the 

without refinement.  

plane. Thus, hydrodynamic features of system are such 

that  through filter units together with fluid penetrate only 

those particles, which linear size in 3…10 times less than 

by a fluid flow. Ther

inclined baffle plates 47 … 70%. 

For IW wastewaters refinement from suspended 

materials hydrocyclone machines are used in which the 

centrifugal force effecting on particles with a higher 

density than that of water is used. They successfully 

replace settlers having a number of advantages: they 

occupy small space, have high extent of refinement up to 

operation can be completely automated. 

In most cases filtering is used for integrated 

wastewater treatment  of IW after all the preliminary  

treatment methods. It can be surface filtering through filter 

baffle plates or volume through grained loading. In case of 

additional reactant treatment of wastewaters, treatment of 

IW with coagulant and flocculant on the score 

of  suspended particles agglomeration and other alterations 

solid particles emission during filtering improves. 

Reduction of pressure drop on filtering element, increase 

of refinement precision of power fluid, its preservation 

from blinding and therefore self-regeneration support can 

be provided under conditions which will pass the particles 

through units of surface filtering element the size of which 

is much lesser than “in light” units size. These conditions 

are created on hydrodynamic filters. 

effective methods of fluid refinement from impurities. 

wastewaters in their use and discharge into water bodies 

gen  

 large number of various impurities in the IW 

industrial wastewaters is determined by numerous 

methods,  and technological scheme used while 

refining them. Ways of industrial wastewaters refinement 

of insoluble impurities are divided into three groups: 

mechanical refinement – separation of impurities while 

going through the passage media; physical refinement – 

separation of impurities when fluid stays in force fields; 

combined refinement – separation of impurities from fluid 

at a joint mechanical and physical refinement. Mechanical 

refinement of fluid is divided into the following types: 

surface, volume and mixed. The last type combines 

features of the two first types. Defecation and clarification 

of the polluted water in PCM is based on particles on 

sedimentation of impurities with a higher density than the 

density of water at its moving with low speed. Such water 

refinement is made in tank clarifications or settlers of 

various designs. Tank clarifications are constructed as one, 

two and multiple-stage ones and for keeping water long-

term. Effectiveness of clarification in ponds reaches 50 … 

ng winter period their operation is poorer . 

Ponds need to be cleaned regularly, they occupy a big 

surface area and pollute the environment. The 

effectiveness of horizontal settles refinement with the 

regulating perforated baffle plates reaches 39 … 49%, 

with the system of dispersed water abstraction surface - 

… 69%, and for settlers with thin layer elements from 

inclined baffle plates 47 … 70%. 

For IW wastewaters refinement from suspended 

materials hydrocyclone machines are used in which the 

economic rating of the ways of water preparation has a 

great significance for the preparation of industrial water 

from industrial wastewaters or insuring conditions of the 

disposal refinement wastewaters of reservoirs. Reverse 

systems of industrial water supply usually have  got 

economic advantage. 

The solution of this problem for PCM in many cases 

is connected with the organization of the closed water 

supply cycles. This task cannot be solved successfully 

without effective refinement of the circulating reverse 

water from impurities.  

 

 

 OF  

 

In PCM water is used both as the main and the 

secondary technological process. Conventionally, these 

waters can be divided into the following groups [8,9]. 

Technological waters are working medium in 

technological processes. These technological processes 

include:  water concentration of nonmetallic minerals, 

hydro-mining, hydro-transport, hydro-washing. These 

 

Cooling waters are formed during cooling the 

 machines and devices which are used in the 

main technological process. These waters generally have 

the so-called pollution "temperature". Therefore, they are 

called conditionally clean. They need only cooling and can 

be reused in processes.  

Washing and de-dusting waters are formed as a 

washing result of aggregates, machines and  and 

also for dust control on PCM. These waters are heavily 

polluted and need to be cleaned.  industrial engineering 



 

by a fluid flow. Ther

provide its continuous cleaning. The filtering systems with 

 

years without technical servicing and repair.  

The purpose of the work consists in studying the 

supply to increase its effectiveness in the way of energy 

and natural resource saving in the process of refinement 

industrial water from impurities.  

 

 

 

 

The theory of hydrodynamic refinement is based on 

consideration of the particle movement located in the 

nted as a 

sum of two movements: longitudinal and transverse. 

have maximum likelihood to get into an opening. The 

relatively to FF with the certain ratio of longitudinal and 

transverse velocity. If the angle of slope tangent to particle 

trajectory 
m

o

v

v
arctg is greater than the diagonal section 

of the unit in the longitudinal plane, the particle of 

pollution has an ability to pass in a unit space. Restriction 

of polluted particle detention in units is represented as the 

speed ratio: 

 

 
m

o

v

v

c

d

2
.  

 

Therefore, depending on the trajectory angle , 

dimension ratio of particle diameter d  and diameter of the 

unit opening c2 . the particle can pass in the space under 

 

 

 
Fig. 1.  Scheme of hydrodynamic filtering 

c – unit radius; m – the minimum distance between cells; d – particle 

diameter; vm– longitudinal flux velocity v0 – cross flux velocity;  

v – absolute velocity  of  particle balance center; l – erial 

thickness 

 

For engineering practice development calculation 

a set of assumptions was accepted, which not significantly 

change the nature of hydrodynamic filtering process  

 

– Fluid is incompressible, homogeneous and isothermal; 

– Particles are globule and homogeneous; 

 

– Fluid is incompressible, homogeneous and isothermal; 

– Particles are globule and homogeneous; 

– Thickness influence of walls and interaction of moving 

particles on velocity distribution isn't considered; 

– Inertia of particles in a longitudinal flux isn’t 

considered; 

–  

We will use the principle of superposition. We will 

consider a vector of absolute participle velocity v as a 

vector sum of flux velocities v0  through a large number of 

 vm

are insignificant it is possible to consider sizes of volume 

these speed components in a certain point of space we 

receive sizes of longitudinal and transverse velocities 

 For 

determination of the maximum particle diameter which 

case. Thee particle with diameter d and center of gravity in 

a point O  

For calculation we accept the following parameters: 

Q  – Q1 – part of 

supply which is refined; p  - pressure drop which is 

allowed from operation conditions  

We will determine the parameter of a cross flux: 

 

 
kF

Q
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where: 

2

2

2 mc

c
k , coefficient  of flow section, F –  
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We determine the velocity of a longitudinal flux from 

the condition: 

 

 
2 QQQ ,  

 

where:  
Q2 –  flow rate of the impure  

L on 
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Critical diameter of a particle after substitutions and 

transformations is defined in the following manner: 
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The last formula can be solved in final coefficients with 

Cardano's method however it is much simpler to find its 

algorithms. Further calculations don't undergo changes. 

 

 

 

 

shown on pic.2 is developed for physical modeling of 

process of PCM wastewater refinement from impurities 

red 2 and 

– -

the hydrodynamic filter 9 where the flow is divided into 

two components: the cleared water which is flushed via 

the pipeline with a flowmeter 8 and the manometer 7 in 

consumption of the initial polluted water varies the degree 

of closing of the valve 

expense through the bypass line   

studies of refinement installation process of partial flow 

hydrodynamic filter which is intended for refinement of 

various fluids from insoluble impurity at supply of the 

bypassing the re

modeled on artificial wastewaters. Knowing  wastewaters 

impurity of  PCM, which comes to clean, water for 

selected tests of slime from slime pit which operate on 

PCM are applied. 

 

 

Thus, despite the preservations average longitudinal 

velocity constant along the filter length the local velocity 

height. The received velocity m  for necessary filtration 

degree 

it is impossible directly to determine 2Q  

 

the end of a longitudinal flux: 
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For realization of this condition diameters of conical 

part of the body: 
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Thus, at a given supply the certain geometrical 

longitudinal and cross flux on which specifies the fineness 

of filtration. 

If the velocity of a longitudinal flux is accepted by a 

constant gap section, it corresponds to the assumption of 

acceptability of such assumption can be proved only by 

existence of local flux resistance on an entrance to the 

with diameter of rather high longitudinal fluxes. 

the mode movement depends only on flux rate. Therefore, 

possible to provide the laminar flow movement. In case of 

a laminar flow in a ring crack of velocities in a gap are 

distributed under the parabolic law. We will determine gap 

: 
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In the end of the filter: 
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Therefore, velocity on height ring gap is distributed 

on dependence: 
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Thus, despite the preservations average longitudinal 

2Q



 

 
Fig. 2. Scheme of experimental installation 

 

The composition of production wastewaters of 

Sharkhinsk 

washing crushed stone is presented in T

increased image of impurities containing in wastewaters 

from crushed stone after washing has been received by a 

micro-

-

microns was accepted therefore the expected fineness of 

the detained firm mineral particles will make 15 … 20 

microns.  

 

Table 1. Fractional composition of slimes in the total 

remains 

Size of fraction, 

mm 

Total mass 

content, 

 

1,25…0,63  

0,63…0,315  

0,315…0,15  

0,15…0,08  

0,08…0,05  

0,05…0,01  

0,01…0,005  

0,005…0,002  

0,002…0,001  

  

 

  c a b c 
-photos of wastewaters impurities received from 

crushed stone washing: 

 

a b c 
-photos of wastewaters impurities received from 

 

For receiving artificial wastewater slime is previously 

dried up to the constant weight in a drying cabinet. Then 

slime is crushed for the purpose of receiving homogeneous 

parameters process research the kinetics of sedimentation 

of the suspended materials of artificial wastewaters is 

previously studied. For this purpose dependence graphic 

of optical density on weighed substances concentration are 

under construction. The graphic is under construction 

according to indications of optical density of the tests 

during this period large particles are drop out and they will 

centration of 

impurities. For its determination we use samples of the 

impure water on PCM slime tests with concentration 1 … 

through specially prepared paper filters are selected. 

Further filters are dried up in a drying cabinet. The actual 

concentration of polluted PCV of artificial wastewater is 

determined by a difference of mass of the dry filter before 

filtration and the dry filter with the suspended materials 

after filtration carried to the volume of the filtered test.  

Tests of artificial wastewaters are being prepared and 

their light transmittance on the photo-colorimeter is 

selected tests are diluted several times. On the received 

values the dependence graphic of optical density on the 

actual concentration of the suspended materials on which 

 

 

 

 

 

cess allowed allocating 

three major factors which influence on refinement 

effectiveness: initial concentration of the suspended 

materials; a consumption of in-taking wastewater which is 

regulated by a throttle on filter entrance; a ratio of a useful 

and slime expense on the filter which are provided with 

adjustment of a throttle on the bypass line. The method of 

rotatable design of experiment which allows receiving 

more exact mathematical description of a surface response 

in comparison with orthogonal central composite planning 

experiences in the center of the plan and a special size 

choice of a star shoulder a. The main characteristic of a 

matrix of rotatable design of three-factorial experiment is 

provided in table 2. 

 

a, –  before refinement; b – after slime st  

 –  

 

For receiving artificial wastewater slime is previously 

 

calculation of regression and the corresponding estimates 

of dispersion constants are defined: 

 

 
nBn 22
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02 NNn

nN
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N

,0 ,0

,

Number of factors  Value of factors at plan code values

Name of variation 
Designation 

Variation 

Initial conc. of 

suspended materials 
   

Consumption of in-

taking water, l/min 
   

Ratio of  useful and 

slime expense 
   



 

removal process of the suspended materials on the 

hydrodynamic filter and allows estimating influence of 

three considered factors on residual concentration of 

impurity, and also describes a surface response. For 

enter function of the following type: 

 

 
x

Yx
Z .  

 

-

tiveness  

From the analysis of the received results obtained 

and fractional composition of slimes can provide 

nt 

fractional composition of slimes in size of the total 

microns in size contains in tests of artificial wastewaters to 

- 

Therefore, in this range of the sizes of impurity particles 

units. 

Change of a ratio of a useful and slime expense on the 

filter in the range 2x   significantly influences on 

refinement effectiveness. With increase in the relation of a 

useful and slime expense on the filter the residual 

concentration almost depends less on the size of 

wastewaters supply on the filter and is defined by 

generally initial concentration of impurities. On the 

contrary at reduction of this residual concentration relation 

almost depends less from initial concentration of 

impurities but generally defined by the size of wastewaters 

supply on the filter. 

For finding the residual concentration in the refined 

dependence: 

 Z
xY . 

 

0, , , 0,2

 

development of modern technological graphics of reverse 

water supply of PCM are experimentally established. The 

residual concentration of the suspended materials received 

PCM and to reuse separated impurities. Installation in 

PCM the systems of reverse water supply with application 

t 

provide more rational use of energy and natural resources. 

 

 
0NN
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where n - number of factors; N - total number of 

rotatable central composite design experiences; N0 - 

number of experiences in the plane center. 

For three-factorial experiment of a constant for 

coefficients calculation of regression and the 

corresponding estimates of dispersions; ,0A ; ,0 ; 

,  

ranges 

and points in vicinities which the plan of three-factorial 

experiment is determined: 

– initial concentration of the weighed substances, 

2 … 4 g/l. 

– supply of wastewater on the filter, 20 … 70 

l/min. 

– a ratio of a useful and slime expense on the 

filter, 1 … 2 K. 

The actual conditions for the accepted rotatable 

central composite design of experiment are presented in 

their variation. 

 

Number of factors  Value of factors at plan code values

Name of variation 
Designation 

Variation 

Initial conc. of 

suspended materials 
   

Consumption of in-

taking water, l/min 
   

Ratio of  useful and 

slime expense 
   

Ta b l e  2 .  

Number of factors
Number of factorial 
design experiences 

Number of experiences 
in star points

Number of experiences 
in plan centre

Total number of 
experiences

8 20

Ta b l e  3 .  

Number of factors n Value of factors at plan code values 

Name of variation factors 
Designation of 

variation factors 
Variation interval 0

Initial conc. of suspended materials

Consumption of in-taking water, l/min 70,2

Ratio of  useful and slime expense

rather accepted factors is received: 

 

22

2

2

2

,0,0,0

,0,0,0,0

,0,0,0,0

xxx

xxxx

xxxY

      

 

We will execute validity check of the received 

value of Fischer's criterion made ,pF . 

Tabular value of Fischer's criterion at confidence 

coefficient - F

FFP
 

actual values of factors which provide optimum conditions 

of wastewaters refinement from impurities. 

removal process of the suspended materials on the 

hydrodynamic filter and allows estimating influence of 

three considered factors on residual concentration of 

2x

.

:

.



 

c d 
Fig. 3. 

concentration of the suspended materials and from wastewater supply 

on the filter at various values of a useful and slime expense ratios on 

the filter: :  - 0,x ; b - ,x  ; c - ,x ; d- 0,2x  

  

development of modern technological graphics of reverse 

water supply of PCM are experimentally established. The 

residual concentration of the suspended materials received 

PCM and to reuse separated impurities. Installation in 

PCM the systems of reverse water supply with application 

t 

provide more rational use of energy and natural resources. 

 

 

CONCLUSIONS 

 

-

filters and hydro-

speeds of a flow fineness of the detained particles 

stages of mechanical water and wastewaters refinement, 

and it is sufficient for a number of reverse systems of the 

industrial enterprises for refinement of technological 

considered as a preliminary stage of mechanical 

refinement for firm mineral particles removal more than 

20 microns in size. 

The plan of three-factoria

wastewaters of PCM is developed, researches are 

process of the suspended materials removal is received. 

Dependences are established which help to calculate the 

residual content of the suspended material depending on 

initial concentration of impurity, a ratio of a useful and 

slime expense on the filter and a consumption of the 

experimental studies on the simulated composition of 

effectiveness which characterizes the removal process of 

suspended materials on the hydrodynamic filter is 

established and allows estimating influence of three 

considered factors on residual impurity concentration. 

refinement of PCM technological capabilities which 

allows using them effectively in systems of reverse water 

supply of such industry. 

 

 

 

 

 Sokolov L.I., 1997. Resursosberegayushchiye 

tekhnologii v sistemakh vodnogo khozyaystva 

hydrodynamic filters -

filters, at the identical sizes of units of grids which will be 

established in them. 

Fineness of the detained particles in the 

hydrodynamic filter is smaller than fineness of the 

particles detained in a hydro-clone at identical velocity of 

a flow. Thus it should be noted that micro-filters and 

hydro-clones at installation in working conditions have 

showed good technical and economic indicators. 

-filters 

shortcomings  - they do not demand flushing, and are 

deprived of hydro-clones shortcomings – they don't have 

increased mechanical wear. It provides high technical and 

wastewaters refinement. 

In practice of water conditioning and purification, 

wastewaters refinement it is necessary to delete particles 

therefore the expected fineness of the detained firm 

stages of mechanical water and wastewaters refinement, 

and it is sufficient for a number of reverse systems of the 
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