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Fig. 1. Lateral soil pressure coefficient  ( 0= )
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Fig. 2. Lateral soil pressure coefficient q ( 0= ) 
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Fig. 3. Lateral soil pressure coefficient   ( 0= ) 
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Fig. 4. Construction mine shaft  

  1-headroom; 2 - vertical (extended) part; 3 - pair trunk 

with horizontal elaboration; 4-bottom; 5-bearing crown 
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Fig. 5. Structural elements of corrosion mine shaft: a) the layout of a corrosion-resistant coating of mine: 1-

resistant to the corrosive cladding; 2-bearing structure of reinforced concrete. b) corrosion-resistant cladding 

construction 
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Fig. 6. Concrete panel, faced with polyethylene 
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Table 1. Comparison of structural and technological solutions shafts restrictions on factors [13]. 
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 1 - -
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Fig. 7. Construction shafts like "Surge lining in thixotropic shirt-rearing": a) with the support rim by broadening 

banquettes knife; b) with the support rim as the adapter plate: 1 - shaft-collar; 2 - anticorrosive lining; 3 - the design 

of the blade sunk well; 4 - well, passed rearing; 5-existing collector metal frame; 6 - adapter plate 
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Fig. 8. Excavation of soil by immersion caisson 
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FEATURES ERECTION OF CORROSION MINE 

SHAFTS DEEP FOUNDATIONS ON EXISTING 

NETWORKS OF WATER REMOVALS 

 

Summary. The article describes the technology 

of construction of concrete shafts deep foundation over 

existing sewer. Also discuss issues the corrosion 

resistance of structures within the environment 

sewerage and determine soil pressure.  

Key words: drainage, caisson, polymer concrete, 

polyethylene, soil pressure. 
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Table 1. Effect activated solution of aluminum sulfate in water clarification efficiency 
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25 3,3 2,6 128,5 
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50 3,8 2,9 131,2 

100 3,5 2,5 150,4 

150 3,2 2,0 159,5 

200 3,9 2,6 149,6 

250 4,6 3,1 148,1 

300 5,2 4,1 127,7 
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Table 2. Influence activated coagulant solution of aluminum sulfate in the residual content of suspended 

solids in the water lightens 
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25 200 150 5,8 4,6 
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50 250 175 7,1 5,4 

100 300 250 7,7 5,3 

150 400 525 7,5 5,1 

200 525 675 8,3 5,8 

250 675 800 7,9 5,8 

300 950 875 8,1 6,3 
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Table 3. Change of -potential of gel of aluminum hydroxide depending on the activation parameters of 

coagulant solution of aluminum sulfate 
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4. 

 

Table 4. Change of adsorption specific-capacitance of aluminum hydroxide depending on the activation 

parameters of coagulant solution of aluminum sulfate 
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Table 5. Comparative data efficiency of water clarification activated sodium aluminum sulfate coagulant 

obtained experimentally and theoretically 
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25 128,5 125,8 2,69 2,09 
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50 131,2 135,7 -4,54 -3,46 

100 150,4 150,0 0,4 0,26 

150 159,5 156,8 2,74 1,72 

200 149,6 156,1 -6,5 -4,28 

250 148,1 147,8 0,33 0,22 

300 127,7 132,0 -4,32 -4,3 
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Fig. 1. Influence activated coagulant solution of aluminum sulfate the efficiency of water clarification

 

  

Table 6. Comparative data efficiency lightening of treated water channel Seversky Donets - Donbas obtained 

experimentally and theoretically 
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Table 7. Comparative data changes -potential and adsorption capacity of aluminum hydroxide, obtained  

by calculation and empirically 
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THEORETICAL BASES ACTIVATION 

COAGULANT SOLUTIONS OF  

ALUMINUM OF SULFATE FOR PREPARATION OF 

DRINKING WATER 

 

Summary. Examined influence theoretical bases of the 

activated solution of coagulant of sulfate of the 

aluminium used for preparation of drinking-water. 

Theoretical pre-conditions over are brought, explaining 

the mechanism of increase of efficiency of work of 

waterworks at preparation of drinking-water with the 

use of the activated solution of coagulant of sulfate of 

aluminium. 

 

Key words: preparation drinking water, activated 

solutions, electrokinetic potential, adsorption capacity, 

intensification of water treatment. 



MOTROL. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE  2014, Vol.16, No. 6, 19-26 

 

   

 

 
 

 

, 40 

E-mail: eobabenko@gmail.com 

 
. 

 

: ,   

 

 

 

 [26]

( ) 

 

 

2 4 

5 

1 

3 

6 

7 

 
. 

 

1- , 

2-  

3-  

4-  

5-  

6-  

7-  
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HYDRATE FORMATION IN GAS 

EJECTOR 

 
Summary. In this article, attention is drawn to 

possibility of hydrate formation in a gas ejector. 

Recommendations for determining the circumstances of 

hydrateless ejector functioning are given. It is also about 

calculating energy losses in an ejector with a correction in 

case of loss of the hydrates and the outlet temperature 

considering humidity operating environment. 

Key words: hydrate formation, gas humidity, real gas, 

ejector. 
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Fig. 1.   The estimated efficiency of ammonium nitrogen  

removal at different pH values and  initial concentrations 

of ammonia nitrogen in wastewater: 1 - 500 mg/dm3, 2 - 

1000 mg/dm3 
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Fig. 2.   Calculated dependence of the  ammonia nitrogen 

removal efficiency of doses of magnesium in phosphate doses: 

1 - 50%; 2 - 100%; 3 - 150% of the stoichiometric 
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Fig. 3.    Calculated dependence of residual concentrations of  

phosphate doses of magnesium. Doses phosphates: 1 - 50%;  

2 - 100%; 3 - 150%  of the stoichiometric 
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Fig. 4. The calculated dependence of the  ammonia 

nitrogen  removal efficiency of  magnesium  doses  with a 

decrease of phosphate concentrations (as compared with 

their initial content): 1 - 80 %; 2 - 50 %; 3 - 0 % 
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values at a given  phosphate removal efficiency: 

1  0 %; 2  50 %; 3  80 % 
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Fig. 6.   Effect of pH on  ammonium nitrogen removal 

efficiency from pig farms wastewater with its initial 

concentration: 1 - 1145 mg/dm3; 2 - 675 mg/dm3;  

3 - 500 mg/dm3. Doses of reagents: 1, 2  150 %,  

3  100 % of the stoichiometric 
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Fig. 7. Effect of magnesium doses on ammonia nitrogen 

removal efficiency in pig farms wastewater COD:  

1  4,13 g/dm3; 2  7,65 g/dm3; 3  9,79 g/dm3;  

4  11,63 g/dm3; 5  18,87 g/dm3. Initial  ammonium 

nitrogen concentrations: a - 430 mg/dm3, b - 490 mg/dm3, 

c - 540 mg/dm3; d - 610 mg/dm3, e - 820 mg/dm3  
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Summary. The results of theoretical and experimental 

studies of technology reagent ammonium nitrogen 

removal from wastewater as struvite presented. 
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Summary. An analysis of existing methods of labyrinth screw pump design is presented. The physical model of its work process 

has been refined. An integrated method of calculating the flow characteristics of the pump has been developed. In contrast to 

known ones, it contains no empirical coefficients and takes into account the shape of the screw groove. New analytic expressions 

have been given for calculating instantaneous pump delivery and its irregularity coefficient. Dimensionless criteria have been 

offered to compare the characteristics of pumps with different shapes of the screw groove.  
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INTRODUCTION 
 

The current level of technology and its further 

development is inextricably linked to intensifying the 

operation of units and hydraulic systems, increasing 

their performance and energy conservation. As regards 

labyrinth screw pumps (LSP) used widely for pumping 

corrosive media, heterogeneous and gas-liquid 

emulsions, allowing for high heads at low deliveries and 

working with low-viscosity corrosive liquids with a 

specific velocity of ns = 10...40, which is particularly 

advantageous in comparison with centrifugal pumps, a 

topical task is developing a refined theory of the work 

process. Besides, these pumps are much easier to 

manufacture than vortex ones and are more reliable 

because mechanical friction of parts is absent. 

 

ANALYSIS OF PUBLICATIONS 
 

Currently, the number of theoretical studies in 

LSP is very limited. This is due to the novelty and 

complexity of pump hydrodynamic processes occurring 

therein. The vast majority of studies dealing with the 

work process in labyrinth screw channels are dedicated 

to the seal [1]. Study [2] discusses the work process in a 

labyrinth seal in the laminar regime, which was 

represented as two screw seals. The illegality of such 

analysis of the work process in a labyrinth screw seal 

was proved experimentally [3]. 

When considering the turbulent flow in an LSP 

[4], the primary differential equations used were 

Reynolds equations for turbulent flow without 

convective inertial terms that do not reflect the physics 

of processes. In addition, the theory expresses the 

average velocity in the form of power expansions for a 

stepwise radial coordinate with coefficients that can be 

determined only experimentally. In deriving the 

dependence of the pressure drop on the delivery, the 

authors used the equation of change of momentum in 

the pump groove. The result is a linear dependence of 

the pump head on delivery, this being in poorer 

agreement with experiment than the quadratic one [3]. 

Study [3] investigates LSP performance with a 

gas-liquid mixture. It presents the methodology for 

calculating the characteristics of an LSP working with a 

gas-liquid emulsion. The study mentions good 

agreement of theoretical calculations with experimental 

data; however, experimental results are not shown. In 

conducting experimental studies, gas and liquid are fed 

to the pump through separate ports (a vessel, in which 

they are mixed, is absent). This does not meet actual 

pump operating conditions. It is noted that the 

developed method needs to be rectified through the 

development and experimental investigation of such 

pumps. The maximum concentration of gas in the gas-

liquid mixture, which the pump is able to deliver, has 

not been evaluated. No universal criteria for evaluating 

pump performance have been developed. 

Work [5] compares the experimental 

characteristics of LSP and vortex pumps, and notes their 

similarity. On this basis, an attempt was made to 

consider the LSP work process, using the equation of 

angular momentum as this was done for the vortex 

pump [6]. However, in constructing the H(q) curve with 

this method, one needs to know two experimental 

factors, and the resulting experimental characteristic is a 

straight line, which is not true. Studies [3, 7] describe 

the work process and give the LSP design methodology. 

In describing the work process, the fluid flow in the 

pump is considered as flow of fluid between the 

developments of the screw and sleeve surfaces moving 

in opposite directions at a rotational speed equal to half 

the angular speed of the screw. The assumption is that 

the friction force occurring in the liquid forms pressure 

and friction forces (turbulent ones) on the protrusions of 

the screw and the sleeve. When building the H(q) 
characteristics with this method, the pump head 

coefficient is determined experimentally, and this limits 

the scope of the method being considered. 

Work [8] proposes a new efficiency factor to 

analyse the effectiveness of hydraulic systems that take 

into account the power loss in such systems. Ways of 

improving pump delivery and reducing losses in the 

hydraulic system are considered. However, the proposed 

criteria are not suitable for analysing and comparing the 
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characteristics of LSP with working members of various 

shapes. 

An important characteristic of pumps, including 

LSP, is their irregular delivery determined by the 

irregular delivery factor [9]: 

 

,ís.ít.í                           (1) 

 

where: s.  is irregular delivery factor conditioned by 

compression of the working fluid (WF) in the cells of 

the pump during its transfer from the suction space to 

the decreasing one; t.  is theoretical irregular delivery 

factor [9]: 

 

aq

qq minmax
t. ,              (2) 

 

where: maxq , minq  and aq  are respectively the 

maximum, minimum and average theoretical pump 

discharge. 

Note that s.  is calculated by a dependence 

similar to that in (2). In most papers devoted to design 

of screw pumps, the theoretical irregular delivery factor 

is taken equal to zero, whereas it was not determined at 

all for the LSP. 

Thus, we can say that, presently, all methods of 

LSP design are based on using empirical relationships, 

the physical work process model has not been studied 

thoroughly and ignores the hydraulic resistance at the 

inlet and outlet of the screw grooves, and the flow 

between the LSP grooves. Little attention is paid to 

studying and improving the flow parts of such pumps. 

Fluid flow in the flow parts of these pumps has not been 

studied. No analytical dependence for calculating 

instantaneous pump delivery exists, nor are there any 

universal criteria for evaluating characteristics of LSP. 

The above-stated determines the relevance of the 

paper aimed at solving an important scientific and 

practical problem, viz. development of the theory of 

LSP design. 

 

PHYSICAL MODEL OF THE LABYRINTH SCREW 

PUMP WORKING PROCESS 

 

WF energy is transferred in the pump due to 

rotation of the screw relative to the sleeve, resulting in 

force interaction between the fluid flowing over the 

screw and that flowing over the sleeve. The sleeve 

screw tips intensify this process. The conventional 

interface surface area between the screw and sleeve 

experiences a growing turbulent friction force enhanced 

by the centrifugal forces caused by rotation of the screw 

and the vortices formed by non-stationary WF flow, as 

well as by the vortex resulting from fluid leakage 

through the radial clearance between the sleeve and the 

screw grooves. Liquid viscosity is manifested as 

diffusion of vortices. Note that the turbulent friction 

forces and the vortices formation intensity depends 

directly on the geometrical parameters of the screw and 

sleeve, their clearance, the material properties (their 

roughness), the screw rotational speed and the 

parameters of the liquid being pumped. 

Note that the nature of WF flow is not uniform 

over the entire length of the screw. The flow is formed 

at the groove inlet. Near the outlet, the flow pattern also 

changes because the groove opens. In any arbitrary 

cross section of the pump, the relative positions of the 

tips of the sleeve and screw threads periodically and 

continuously change. The frequency of change of tip 

positions - the main frequency of pulsations of the 

delivery rate in the given cross section  equals the 

product of screw rotational speed and the number of 

thread leads. This is confirmed by experimental studies 

of such pumps [3, 10]. 

The friction forces occurring in the WF create 

pressure and friction forces on the tips of the screw and 

sleeve. With turbulent flow over the tips when the WF 

has relatively low viscosity, the main role is played by 

pressure forces perpendicular to the surface of thread 

tips. The components of this force in the axial direction 

determine the pump head. 

Thus, during pump operation, the WF moves in 

two mutually opposite directions from pump inlet to its 

outlet (direct flow) in the screw grooves and is driven 

by rotation of the screw; from pump outlet to its inlet 

(reverse flow) through the clearance between the sleeve 

tip and the screw thread due to the pressure differential 

between the outlet and inlet of the pump, and the weight 

of the WF if the pump is mounted not horizontally. 

 

PERFORMANCE OF THE LABYRINTH SCREW 

PUMP 

 

In developing the methodology of LSP 

performance design, the authors relied on the physical 

model of the working process described above. The 

screw and sleeve were supposed to rotate in opposing 

directions. The centrifugal forces acting on the WF in 

the working space of the pump, which are proportional 

to the ratio of the pump flow section height and its mean 

radius, were neglected because of their small value. The 

WF flow in the groove was assumed quasistationary. 

Since the WF flow in the pump grooves is a developed 

turbulent one, it was considered stationary only relative 

to time-averaged velocity and pressure parameters and 

steady over a sufficiently long average period. Thus, the 

loss coefficient at the inlet and outlet of the pump and 

friction are determined by the same dependences as 

those for conventional hydraulic devices at steady-state 

fluid flow. 

To simplify analysis of the pump work process, 

it was assumed that the screw and sleeve threads have 

the same shape and size, and are characterized by the 

hydraulic radius. The characteristic geometrical 

dimensions of the LSP are shown in Fig. 1. 
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t   screw groove pitch in the cross section; b  screw 

tip width in the cross section;   diameter clearance 

between the screw and sleeve threads 

 

Fig. 1 Characteristic geometric dimensions of labyrinth 

screw pump (cross section) 
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According to the physical model of the LSP 

work process, its average discharge is determined by the 

following relationship: 

 

vux21a pqnqzq ,           (3) 

 

where: q1 is discharge due to displacement of fluid 

volume in the screw groove of the pump for one 

revolution of the screw; q2 is discharge due to flow of 

fluid in the groove of the pump through the clearance 

formed by the sleeve thread tip and screw groove space 

under the influence of the pressure differential across 

the inlet and outlet of the pump vux and gravity in case 

of a non-horizontal position of the pump. 

To obtain a universal dependence of the average 

pump discharge on various shapes of its working 

members, their dimensions were determined by 

hydraulic radius Rg. 

The discharge due to movement of fluid volume 

in the screw groove of the pump per revolution of the 

screw was determined by the relationship: 

 

60
A1

n
Lknq ,                     (4) 

 

where: k  is a factor accounting for the actual volume 

of the screw channel: 

 

3
gg

A

2
3

4
4AA

L

RbRL
k ;     (5) 

where: A  is screw channel area, m
2
 (Fig. 1): 

 

2
g4A R ,                             (6) 

 

L  is helix length, m: 

 

22 sdL .                     (7) 

 

The discharge due to the flow of fluid in the 

groove of the pump through the clearance formed by the 

sleeve thread tip and the screw groove space was 

calculated with the formula: 

 

vt

c

vvu
gvu2 2

2

A
Re lh

g

pp
gRpq ,   (8) 

 

where: hvt is loss of pressure due to local resistances and 

friction in a channel formed by the sleeve thread tip and 

screw groove space found by relationship: 
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where: ser.vuv is average WF velocity in the screw 

channel at the pump outlet found by relationship: 

 

ser
ser.vu

Az

q
v .                        (10) 

 

Note that, in formula (8) and in the sequel, the 

value of l , the screw length, was substituted if the 

pump position was not horizontal. 

In formulas (8) and (9), the following notation 

was used: Re  is loss coefficient in the clearance 

formed by the sleeve thread tip and screw groove space, 

which were determined based on the Reynolds number 

for the average WF velocity in the screw channel at the 

outlet of the pump according to formula [11]; the 

Reynolds number was determined from dependence 

t

gser.vu4
Re

Rv
; t  and c  are WF kinematic 

viscosity and density, respectively accounting for the 

gas content, pressure and temperature, and calculated 

using dependences [12]; Re  is friction loss 

coefficient depending on Re for the average velocity of 



 PAVLO ANDRENKO, ANTON LEBEDEV 

 

38 

the WF in the screw channel at the pump outlet; v , 

vu  and  are, respectively, local loss coefficients 

at the inlet and outlet, and at sudden change in the flow 

section determined by the formulas [13]; s  is screw 

groove pitch; l  is screw length; k  is a factor 

accounting for the number of sudden changes in the 

flow section along the length of the screw groove 

calculated as: 

 

slIntk ,                         (11) 

 

where: slInt  is the integer part of the number; 

sl  is the nearest smaller number. 

To ensure pump cavitation-free operation, the 

pressure at its inlet should be no less than the pressure 

[14]. 

The method of calculating the pump discharge 

characteristic comprises the following sequence of 

actions [15, 16]:  

First, one specifies the pump geometric 

parameters (the parameters of its working members), the 

parameters of the WF and the screw rotational speed.  

The first stage of calculating with formula (4) 

was to determine the discharge defined by displacement 

of the volume of fluid in the screw groove of the pump 

per one screw revolution  nq1 . 

The second stage was to specify the discharge 

defined by the flow of fluid found in the screw groove 

of the pump, which flows through the clearance formed 

by the sleeve thread tip and the screw groove space 

2 pq . Note that the value of discharge vu2 pq  

should not exceed the discharge nq1 . Formula (3) is 

used to find the average discharge at the pump outlet 

and formula (10) is used to find the average WF 

velocity in the screw channel at the pump outlet. 

At the third stage, the Reynolds number is found 

using the average WF velocity in the screw channel at 

the pump outlet. Dependences (23) and (24) determine 

the coefficient of friction losses Re , and formula (9) 

is used to find the pressure loss caused by local 

resistances and friction in a channel formed by the 

sleeve tip and screw groove space hvt. The formula [11] 

is used to find the loss coefficient in the clearance 

formed by the sleeve thread tip and the screw groove 

space Re . 

At the fourth stage, formula (8) is presented as: 

 

vtc2

g
2

c
2

vu2
vuvvu

2
Re2

lhg

R
A

pq
ppp   (12) 

 

The pressure at the pump inlet was assumed to be 

pv = 0. The values found at stages two and three were 

substituted into formula (12), and the pressure at the 

pump outlet pvu  was found. Knowing aq and p  yields 

the discharge characteristic point. 

The fifth stage defines new discharge values 

vu2 pq , steps two to four are repeated and a new 

point of the discharge characteristic is found. 

The calculation is repeated to obtain the required 

number of points for graph H(q). Note that the 

maximum value of the pressure at the pump outlet is 

vu21 pqnq . 

The relative error between the calculated 

characteristics of the developed method and those 

obtained experimentally are given in [3, 10] and do not 

exceed 20 %. This discrepancy can be explained by the 

complexity of the vortices formation mechanism and 

fluid diffusion, and transfer of momentum at the screw-

and-sleeve fluid interface. A unique advantage of the 

developed technique is that, as distinct from known 

methods, it does not contain empirical coefficients 

determined experimentally. 

The power at the pump outlet is calculated as: 

 

vua pq .                         (13) 

 

LSP efficiency, according to the developed 

physical model, is calculated by the relationship: 

 

ctg

30
2
g

2

avuxa

ndR

qpq
,            (14) 

 

where:  is theoretical capacity; d  is screw outer 

diameter;  is thread angle relative to the axis of the 

screw; n is screw rotational frequency, rev/min. 

 

LSP IRREGULAR DELIVERY 

 

The instantaneous discharge at the LSP outlet, 

depending on the angle of rotation of the screw, similar 

to formula (3), can be written as: 

 

vu21 pqtqztq ,          (15) 

 

where:  is screw angle of rotation. 

We assumed that the screw thread tip varies 

according to a dependence describing the change of a 

short periodic triangular pulse [17], and the 

instantaneous discharge due to displacement of the 

volume of fluid in the screw groove of the pump was 

found by relationship:  

 

thbRRtLtq gg1 44A ,   (16) 

 

where: h  is sleeve thread tip change depending on 

the screw angle of rotation [17]: 
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Note that the second term in equation (16) takes 

into account the discharge drop due to presence of the 

sleeve thread. Using th found with (17) to 

compute the discharge, yields a slightly overrated result. 

However, this offsets to some extent the discharge drop 

due to WF compression in the screw groove.  

Given dependence (16), the instantaneous 

discharge at the LSP outlet can be represented as: 
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(18) 

 

where: zk is a factor that successively takes the values 

0, 1, 2,..,.(z - 1);  is the angle between the centres of 

the grooves, z2 . 

Note that formula (18) is valid under the 

condition: 

 

bRLIntz g4 ,                 (19) 

 

where: bRLInt g4  is the integer part of the 

number; bRL g4  is the nearest smaller number. 

Note that if condition (19) in the second term of 

equation (18) is not met, one should take into account 

the actual number of sleeve screw tips per one screw 

groove pitch. If condition (19) is not met when 

bRLIntz g4 , that is, when there are two or 

more sleeve screw tips at the pump outlet at the same 

time, this is taken into account by the coefficient of the 

second term in equation (18). Then it was assumed that 

condition (19) holds. Note that p is never zero 

because the pump inlet is always under vacuum. 

The LSP irregular delivery coefficient 

conditioned by compression of the WF in the grooves of 

the pump, when it is transferred from the suction cavity 

to the discharge one, can be accepted to be 0s.  

with sufficient precision for calculations. The validity of 

this approach stems from the fact that, according to the 

physical model developed for the pump work process, 

during pump operation the screw grooves communicate 

at all times with the discharge cavity. This is used for 

calculating the instantaneous discharge resulting 

transfer of the fluid volume found in the screw groove 

of the pump dependence (17), and yields a slightly 

overrated result. Hence, the overall irregular delivery 

coefficient for the LSP can be found from: 

 

t. .                                (20) 

 

The coefficient of irregularity was found from 

formulas (3), (15) and (18), implying that 

g0

1z

0

z 2 Rzhzkh , and nt . 

Note that the error of such change does not 

exceed 0.01 %: 

 

bRnL

bR

g

g
t.

4

42
,                  (21) 

 

where: 0nnn is relative rotational frequency of the 

screw, 10n  s
-1

. 

When vuxpq2  = 0.5 tq1 , irregular LSP 

delivery is given by: 

 

bRnL

bR

g

g

t.
42

44
.            (22) 

 

When vu2 pq  0, the LSP irregular delivery 

coefficient is minimum. 

If condition (19) is not met, that is, when there 

are two or more sleeve screw tips at the pump outlet at 

the same time, the irregular delivery coefficient 

increases. Note that when vu21 pqtq , the 

discharge at the LSP outlet is 0tq , and the 

irregular delivery coefficient has no sense. 

Analysis of relationship (22) has shown that the 

irregular delivery coefficient of the LSP increases with 

hydraulic radius Rg and the width of the screw tips in 

cross section b, and is inversely proportional to the 

length of helical line L  and screw rotational speed n. 

The resulting minimum value of the irregular delivery 

coefficient of the LSP, calculated with formula (21), is 
4

t. 10897.3 , being an order of magnitude less 

than in screw pumps [18, 19]. This finding is consistent 

with the experimental and computational studies 

presented in [3, 10, 20, and 21]. 
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ACCOUNTING FOR THE SHAPE OF THE 

SCREW GROOVE IN LSP CHARACTERISTICS 

 

Presently, there is no general analytical 

dependence for finding the coefficient of hydraulic 

friction  that would simultaneously take into account 

the fluid flow regime and the shape of the channel. 

Hydraulic friction coefficients for the laminar flow 

regime are calculated using the known formula [22]: 

 

Re

A f
,                              (23) 

 

where: f  is shape factor for laminar WF motion 

(Table 1). 

Table 1 

Shape factors [23] 

Shape  

Shape factor, flow 

regime 

Laminar, 

Af  

Turbulent, 

fK   

Circle with 

the 

diameter d 

64 0.11 

Square 

with side a 
57 0.098 

Equilateral 

triangle 

with side a 

53 0.091 

Rectangle 

with an 

aspect ratio 

a/b = 0.1 

85 0.15 

a/b = 0.2 76 0.13 

a/b = 0.25 73 0.12 

a/b = 0.33 69 0.118 

a/b = 0.5 62 0.10 

 

Hydraulic friction coefficients for turbulent flow 

are determined with formula [23]: 

 
25.0

g Re

68

4R
K f ,              (24) 

 

where: fK  is shape factor for WF turbulent motion 

(Table 1);  is average height of roughness protrusions. 

To calculate hydraulic losses associated with LSP 

inlet and outlet flow, we used dependences well known 

in fluid and gas mechanics to calculate the leakage 

flows between the screw grooves for the forward and 

reverse flow of fluid and proposed to introduce, by 

analogy with vortex diodes and jet resistor elements, the 

diodity factor: 

 

probrD ,                                (25) 

where: pr, obr is coefficient of drag between the screw 

grooves for liquid flow in the forward and reverse 

directions, respectively. 

When considering the leakage flow of fluid 

between the edges that separate the screw grooves, 

friction losses were neglected because such flow was 

small. When considering the leakage flow towards the 

pump discharge as narrowing and expanding at 

which, in the first approximation, can be taken as 

sudden, the resistance to direct fluid flow is determined 

by the relationship: 

 

1roszv1pr ,                       (26) 

 

where: 
zv1  and 1ros  are, respectively, the drag 

coefficient of the liquid narrowing and expanding at 

 

The drag coefficient for the reverse flow of fluid 

is given by: 

 

2roszv2obr ,                    (27) 

 

where: 
zv2  and 

ros2  are drag coefficients, 

respectively, for fluid narrowing and expanding at 

angle  

To account for diodity in the LSP discharge 

characteristic, the coefficient accounting for the number 

of sudden changes in flow area along the length of 

screw grooves k , which is calculated with formula 

(11), should be divided by diodity factor D. Analysis of 

the shape of LSP screw grooves performed in [23  25] 

allowed improving the shape of pump working 

members [26, 27]. 

 

CRITERIA FOR COMPARISON OF LSP 

CHARACTERISTICS 

 

When calculating LSP performance, it is 

necessary to compare the characteristics of LSPs with 

working members having different shapes. Using the 

hydraulic radius of screw groove gR  allows for a 

partial analysis. However, analysing with gR  is 

challenging. Partly, this problem can be addressed by 

taking into account the hydraulic resistance coefficient 

for friction , which takes into account the shape of 

screw grooves. However, its use fails to account for all 

the geometrical parameters of LSP working members. 

Note that commercial LSPs tend to have a semi-circular 

shape of screw grooves, so the most important 

consideration is this shape. 
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For a comparative evaluation of performance of 

LSPs with working members of different shapes, we 

proposed to use relative diameter g

~
Rdd , where 

d is diameter of the screw, and the specific LSP 

parameters we have introduced [28 ]. Specific head is 

the head that accounts for a unit of relative length per 

one unit screw thread lead, and is calculated as: 

 

g

~

Rlz

H
H  .                       (28) 

 

Similar to the specific head, we introduced 

specific discharge q~ ; specific capacity 
~

; and specific 

efficiency ~  calculated with the following 

dependences: 

 

g

~

Rlz

q
q  ; 

g

~

Rlz
 ; 

g

~

Rlz
.  (29) 

 

The proposed dimensionless criteria allow 

analysing the influence of the geometric shape of screw 

grooves on LSP performance, optimising them and 

obtaining a line of LSPs with high efficiencies. 

 

CONCLUSIONS 

 

Review of the literature has shown that no 

modern theory of LSP design exists. Currently available 

theories are based on using empirical relationships, and 

the physical model of the work process fails to fully 

account for the loss of friction in the LSP and the 

leakage flow between the grooves. 

We have rectified the physical model of the LSP 

work process with regard to pressure loss at the pump 

inlet and outlet and the leakage flow across the radial 

clearance between the sleeve and the screw grooves. 

We first developed an integrated methodology 

for calculating the LSP discharge characteristic. In 

contrast to known ones, it has no empirical coefficients 

found experimentally. It takes into account as a whole 

the geometric and operating parameters of the pump, the 

nonstationary nature of WF flow and its parameters. An 

analytical dependence for calculating the instantaneous 

delivery and LSP irregular delivery coefficient was 

obtained. 

To evaluate the influence of the shape of working 

members on LSP performance, we suggested using the 

hydraulic radius of the screw groove, the relative 

diameter, specific head, specific discharge, specific 

capacity, efficiency and the diodity coefficient. 

The theory developed at the LSP design phase 

will allow analysing the influence of the geometric 

shape of screw grooves on LSP performance, optimise 

them, and obtain a line of high-efficiency LSPs. 
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Fig.1. Coverage by water meters y population of Ukraine (on 01.01.2014) 
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Fig. 2. Comparison of indicators of specific 

consumption 
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Fig. 3. Daily water consumption rates in 

Ukraine (2012) 
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Fig. 4. The planned water consumption rates in Ukraine in 2014 (for enterprises engaged in production and 

marketing of water)
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Table 1. The structure of water consumption in drinking water supply 

 

 . 

-

 
 

 1,5 2 

 3,4 4,6 

 8,7 10,7 

 7 11 

 15,7 26,6 

 13,6 19,2 

 20,7 31,4 

 5 5,8 

 75,6 111,3 

 

2.   

 

      

 
5 6 12 10 9 

) 
10 30 - 28 26 

 - 29 74 43 49 

 50 23 - 5 27 

 10 49 8 50 42 

 40 40 82 32 35 

 115 177 176 168 188 
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Fig. 5. The excess of data of Construction Norms and 

Rules above actual water flow rate (hours maximum water 

consumption): A - cold water, B - hot water, B - total 

water consumption 
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Fig. 6. The excess of data of Construction 

Norms and Rules above actual average daily water 

flow rate: A - cold water, B - hot water, B - total 

water consumption. 
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Table 3. Change in water consumption per one person depending on the composition of the family 

 

 

 

 

305 150 120 

1 320,99 95,39 125,00 

2 138,16 198,74 107,00 

3 149,99 93,20 87,72 

4 152,96 - 112,56 

5 - 67,43 - 

 

 

 



  

 

 

47 

0

100

200

300

400

1 2 3

 

7.  

 

1. 

 2 - 

 -

 

3 - 

 

Fig. 7. The excess of current regulations over 

actual water consumption for multi apartment 

buildings:  

1. equipped with baths with hot water supply 

(305 liters / person) 2 - with plumbing bath, 

with electrical or gas stoves, with gas water 

heater (305 l / person) 3 - with plumbing 

bathroom, with stove heating (240 l person.) 
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Fig. 8. The excess of current regulations over actual 

water consumption for private home ownership:  

1. with plumbing in a house with bath and electrical 

or gas stoves (305 liters / person) 2 - with 

plumbing in a house without bath, with stove heating 

(150 l / person) 3  with using drinking water of 

the yard hydrant (120 l / person) 
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Fig. 9. Comparative analysis of current regulations with the existing water consumption in a private home 

ownership: 1 - with water supply, with sewerage or cesspool, equipped with gas stoves or electric stoves (225 l / 

person) 2 - with water supply, without sewerage, without bath (150 l / person) 3 - with water supply, with 

230 l / person) 4 - with supply of drinking water from the hydrans (150 l / person); 
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4.    

Table 4. Water consumption, which are associated with an accuracy class of water meters 

 

3
 

 
 

  

 

 2,2 8,7 6,5 125,4 28,5 

 2,6 8,5 5,9 32,4 26,8 

 1,9 7,9 6,1 336,3 38,3 

 2,1 7,4 5,4 56,1 18,8 

 3,0 7,8 4,8 223,5 10,6 

 1,8 6,6 4,7 77,0 16,3 

 

5.   

Table 5. Effect on the accuracy of measurement of the water meter class and the mounting position (horizontal) 

 
 

 

3 3 
3 

Sensus 

3 
% 

820 Sensus C 1,444 60,094 58,650 0,000 - 

JS 1,5 NK Apator B plus 1,150 59,910 58,760 0,110 0,19 

KB-1,5i B 2,269 58,129 55,860 -2,790 -4,76 

Residia Jet Sensus B 61,858 116,068 54,210 -4,440 -7,57 
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6.  ( ) 

Table 6. Effect on the accuracy of measurement of the water meter class and the mounting position (vertical) 

 
 

 

3 3 
3 

Sensus 

3 
, % 

820 Sensus C 62,334 118,984 56,650 0,000 - 

JS 1,5 NK Apator A plus 62,080 114,480 52,400 -4,250 -7,50 

KB-1,5i A 60,169 111,049 50,880 -5,770 -10,19 

Residia Jet Sensus A 118,058 166,628 48,570 -8,080 -14,26 

 

.  

 

Table 7. Effect on the accuracy of measurement of the water meter class, the regime of water supply and 

mounting position (horizontal) 

 
 

 

 

 

Sensus 
3 

 

820 Sensus C 2,230 0,000 - 

JS 1,5 NK Apator B plus 2,070 -0,160 -7,17 

KB-1,5i B 1,590 -0,640 -28,70 

Residia Jet Sensus B 1,230 -1,000 -44,84 

 

8.  

) 

Table 8. Effect on the accuracy of measurement of the water meter class, the regime of water supply and 

mounting position (vertical) 

 
 

 

 

 

Sensus 
3 

 

820 Sensus C 2,150 0,000 - 

JS 1,5 NK Apator A plus 1,090 -1,060 -49,30 

KB-1,5i A 1,000 -1,150 -53,49 

Residia Jet Sensus A 0,860 -1,290 -60,00 
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10.  

Fig. 10. The graph of the daily average water consumption 
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9.  

Table 9. Parameters operation of the pumping station (when the pump number 2 is operating) 

 

3
/  

 
 

      

 0,54 1,08 8,0 4,5 7,0 5,0 

 1,62 2,16 1,3 0,9 1,6 1,2 

 3,24 4,32 0,6 0,8 0,9 1,23 

 6,48 8,64 0,1 0,2 0,22 0,44 

 - - 10 6,4 9,72 7,87 

 

0.  

Table 10. Parameters operation of the step-up pumping station 

 

-

 

3
/  

 

 

 
3
 

        

 0 0 0  14,0 17,6 0 0 

 1 2 0,54 1,08 8,0 4,5 4,31 4,86 

 3 4 1,62 2,16 1,3 0,9 2,1 1,94 

 6 8 3,24 4,32 0,6 0,8 1,94 3,46 

 12 16 6,48 8,64 0,1 0,2 0,65 1,74 

 - - - - 24 24 9,0 12,0 

 

 10 

End of Table 10 

 
 

  

      

- - - - - - 

8,0 4,5 - - 2,8 2,3 

1,3 0,9 - - 0,8 0,7 

0,6 0,8 0,6 0,8 1,25 1,45 

0,1 0,2 0,1 0,2 0,3 0,6 

10 6,4 0,7 1,0 5,15 5,05 
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ANALYSIS OF WATER CONSUMPTION 

RATES IN UKRAINE 
 

Abstract. The analysis of water consumption rates in 

Ukraine for different categories of consumers has been 

conducted. The problems of changing norms of water 

depending on the comfort of housing and other factors 

have been considered. The factors affecting the 

accuracy of water meters have been analyzed. 

 

Keywords: water supply, water consumption rate, water 

meter, meter reading, water consumption, water losses 
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Fig. 1. Scheme of iron removal water filtration and 

aeration on polystyrene filters with ascending filtering: 

1  underground water supply pipeline; 2  aerator; 3  

air separator; 4  aerated water pipeline; 5  bottom 

distributive system; 6  body; 7  polystyrene 

foam loading; 8  retaining frame; 9  upper part of the 

filter; 10  deferrization water pipeline (filtrate); 11  

wash pipeline 
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Fig. 2. Increasing the pressure losses with the time of 

filtering during deferrization 
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Fig. 3. Changing the concentration of iron with the 

height of the loading 
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Fig. 4. Changing the concentration of iron in loading 

layers with filtering time considering tearing particles 
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Fig. 5. Changing the concentration of iron in loading 

layers with filtering time without considering tearing 

particles 
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Fig. 6. Polystyrene foam filters with technological 

pipelines 
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Fig. 7. Structural elements of iron removal station tower 

a) air separator; b) retaining lattice; c) polystyrene foam 

download with the underground water pipelines and 

aerated water 
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USE POLYSTYRENE FOAM FILTERS FOR 

WATER DEFERRIZATION  
 

Summary. Theoretical bases deferrization groundwater 

considered. The scheme of the contact water deferrization on 

polystyrene filters with ascending filtration flow is presented. 

The mathematical model of the contact water deferrization on 

polystyrene filters presents and checked its adequacy. The 

results of implementation of the proposed solutions are 

showed. 

Key words. deferrization, polystyrene foam download, 

modeling, filtering. 
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Fig. 1. Compact system for cleaning surface storm waste water 
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Fig. 2. Construction squeezing device 

1 - drive drum, 2 - driven drums, 3 - collecting container reclaim 4 - guide "visor", 5 - receiving hopper, 

6 - pipe to drain reclaim 7 - cover. 
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Table 1. Quality cleaning surface storm sewage 
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Summary: The modern methods of superficial-storm waste 

water treatment are considered in the article. Some directions 

of surface-storm sewage improvement are considered. The 

structure of a compact plant for storm water treatment is 

shown. The results of researches on oil-containing waste 
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are given. Principal parametres of work of the filter are 

defined. 
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Fig.1. Heating via ceiling panels 
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Fig.2. Types of connection radiant ceiling panels 
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Fig.3. Regulation of the flow temperature 

compensated room temperature depending on the 

outdoor temperature changes 
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Fig.4. Principle of operation of water panels 
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Fig.5. Appearance panel radiant heating 

(model Zehnder ZIP) 



  

 

71 

 

ZEHNDER, KAMPMANN 

GMBH, BOKI, KROBAT

ZEHNDER .5) [1] . 

 

 

- 

 

-

-

 

 

- 

 

-  

-  

- 

 

 

 

 

- 

 

- 

. 

6) [10] 

  7) [10]. 

 

6. 

 

- 

. 

Fig. 6. The vertical profile of temperature in 

the room, heated panels - the temperature at a 

height of 1 m above the floor space measured ball 

thermometer). 



  

 

72 

 

.7.    

 ,    

-    1   

 

Fig. 7 - The vertical profile of temperature in 

the room, a heated air system  

- the temperature at a height of 1 m above the 

floor, measured ball thermometer). 

 

  8 - ): 

 

 
 

 

a) Fully covered with paneled ceiling uneven 

distribution of the radiation intensity with a 

maximum in the center of the room. 

 

 

b) Six identical panels, evenly spaced across 

the width of space: the uneven distribution of the 

radiation intensity with a strong decrease in the 

exterior walls. 

 

 

c) Two wide panels along the exterior walls, 

and two narrow panels in the center of the room: the 

optimal intensity distribution over the entire area of 

the room. 

 

 

d) Two identical panels along the exterior 

walls of uneven distribution of the radiation intensity 

with a maximum at the outer walls. 
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) Two identical panels located in the center of 

the room: the uneven distribution of the radiation 

intensity with a maximum in the center of the room. 

 

- 

 

f) Three identical panel, two are located along 

the outer walls, one in the center of the room: the 

uneven distribution of the radiation intensity with 

maxima in the center of the room and exterior walls. 
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Fig. 9. Experimental setup radiant heating 

system 
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Table 1. Experimental data values radiative 

flux  
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Fig. 10. Heat flux value depending on the 

temperature of the coolant 
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Fig. 11. Meaning of the heat flux density on 

the height of the room 
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Fig.12. The surface density of the radiation 
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WATER EFFICIENCY INFRARED 

HEATING PANELS 
Summary. A system of water ceiling radiant panel 

heating, experimental studies on the measurement of the 

density of heat flow, air temperature, coolant temperature, 

coolant flow rate, confirming the efficiency of the system. 

            Key words: radiant heating, heat flux density. 
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Fig. 1 Scheme of the cooling circulating water supply 

system with one group pumps in the circulation 

pumping station: 

1  penstock heated water; 2  cooling tower;  

3  gravity conduit chilled water; 4  camera make-up 

water; 5  camera chilled water; 6  circulating 

pumping station; 7  penstock chilled water; 8  water 

intake and pumping station of water added; 9  conduit 

make-up water; 10  gravity conduit blowdown water; 

p1  loss of water through evaporation; 

p2  loss of water droplet entrainment; 

p3  loss of water blowdown of circulating water supply 

system 
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Fig. 2 Scheme of the cooling circulating water supply 

system with two groups of pumps in the circulation 

pumping station: 

11  gravity conduit heated water; 12  camera heated 

water; 13  a group of pumps heated water;  

14  penstock heated water; 15  a group of pumps 

chilled water 
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Fig. 3 Chain structures in the direction of  

  CPS  COOLER  CPS  

WORKSHOP  

5   gravity conduit heated water, reverse;  

5   penstock heated water; B4C  gravity conduit 

chilled water, reverse; 4   penstock chilled water, 

supply; CPS  circulating pumping station 
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Fig. 4 Scheme electric arc furnace of direct action: 

1  electrode; 2  set; 3  working the door;  

4  taphole for tapping molten steel; 5  molten steel;  

6  tilt mechanism; 7  electrode; 8  molten slag 
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Fig. 5 General view of electric furnace DSP-50 

1  rotary pusher; 2  suspension of the portal; 3  the 

portal; 4  console; 5  installation of cable garlands;  

6  bridge; 7  front; 8  electrode holder; 9  electrode; 

10  electrode seal holes; 11  gas suction; 12  set;  

13  casing; 14  operating window; 15  tilting 

platform 
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Fig. 6. Tubular water-cooled panel with front coil 
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Fig. 7. Technological scheme of circulating water 

supply system for steelmaking shop 
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Fig. 8. Circulation pumping station: 

 - a group of pumps heated water;  - a group of pumps 

chilled water  
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RELIABILITY OF COOLING CIRCULATING WATER SUPPLY SYSTEMS 
 

Valeriy Novokhatniy, Sergey Kostenko 
 

Summary. Developed method and gives examples of calculating the reliability of cooling circulating water supply systems for 

metallurgical example steelworks. The possibility of calculating the reliability of the water supply complex, which includes a 

circulating pump station, cooling towers, pressure and gravity water networks. 

 

Key words: cooling circulating water supply systems, reliability. 
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OPTIMIZATION OF WATER SUPPLY CITY 
 

Summary. Based on research robots urban systems 

water supply and distribution determine the most 

efficient ways to improve them in order to improve 

water and energy efficiency.  
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distribution system water, water loss, water leaks, 
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Fig. 3 Results of dissolved oxygen in the comparison of the proposed process flow on the intensification of the 

aeration system mixture of wastewater and active sludge in closed circulation oxidative channels
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INTENSIFICATION PROCESS OF SEWAGE 

AERATION IS IN THE CLOSED 

CIRCULATION OXIDIZING CHANNELS 
 

Summary: results over of researches are brought on 

intensification process of sewage aeration for the increase 

of efficiency bioscrubbing in the closed circulation 

oxidizing channels. 
 

Key words: waste water constructions, waste water, 
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SPUMEGENERATOR HIGHMULTIPLE SPUMES 

FOR PEELINGS GAS PIPELINE UNDER PRESSURE 

 

Summary. Spumegenerator will allow to create high-

multiple suds in the closed system under high pressure for 

cleaning of internal cavity of gas pipelines from deposits. The 

suds got in spumegenerator provide moistening of mechanical 

particles, adhesion, large surface of contact, decline of forces 

of surface-tension on the surface of contact. Capillary effect, 

process of suction of deposits, pistoning and bearing-out them 

from the area of cleaning. 

 

Key words: spumegenerator, high-multiple suds, cleaning. 
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EXPERIMENTAL REASONABLESS OF 

MODEL HORIZONTALLY LOADED PILES 

WHITH EXPONENTIALLY DISTRIBUTED 

STIFFNESS COEFFICIENT OF GROUNDS 
 

Abstract. The paper considers proposed model a base for the 

calculation of horizontally loaded piles in a homogeneous or 

multi-layer basis with nonlinear soil stiffness coefficient 

distribution based on the method of B.N. Zhemochkin. An 

analysis of the stress-strain state of piles on several techniques 

and evaluation of their compliance and full-scale model tests. 
 

Keywords: pile, horizontal load, soil stiffness coefficient 

distribution in depth 
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Table 1. Generalized statistics on damage metal pipes 

Poltava  

 

 

 

 

D
 

 

 

L,  

 

 

, n 

 

 

100 29,26 427 

150 14,31 194 

200 12,67 122 

250 2,9 23 

300 2,77 19 

500 1,966 7 

 

100 11,4 218 

150 2,989 56 

200 3,763 69 

250 0,931 12 

300 0,897 11 

500 3,052 18 
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  14%, 

 

 

 

1. 

 

Fig. 1. Types of defects of iron water pipes of Poltava 

city 

 
2. 

 

Fig. 2. Types of defects of steel water pipes of Poltava 

city 
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Table 2. Generalized statistics on damage metal pipes 

Kremenchug town 
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 50 0,980 29 

100 23,633 389 

150 14,538 150 

200 10,045 99 

250 11,681 72 

300 13,260 74 

 

50 3,1900 36 

100 14,303 142 

150 5,310 50 

200 3,921 34 

250 6,300 39 

300 7,180 28 
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Fig. 3. Types of defects of iron water pipes of 

Kremenchug town 

 
4. 

 

Fig. 4. Types of defects of steel water pipes of 

Kremenchug town 

 

 , 

 

 

 

. 

 

Table 3.Generalized statistics on damage metal pipes 

Lutsk 
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200 12,850 160 

250 10,450 97 

300 20,889 59 
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2008  
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Fig. 5. Types of defects of iron water pipes of Lutsk city 

 
6. 

 

Fig. 6.Types of defects of steel water pipes of Lutsk city 
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Table 4.Generalized statistics on damage metal pipes 

Karlivka 
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50 0,4 8 

100 3,904 51 

150 5,054 47 

200 2,824 22 

250 0,952 5 

300 3,075 14 

 

50 6,684 150 

76 1,902 33 

89 1,5 29 

100 9,265 177 

125 2,34 27 

150 2,344 35 

200 0,8 7 

250 5,542 47 
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Fig. 7. Types of defects of iron water pipes of Karlivka 

town, Poltava region 

 
8. 

 

Fig. 8. Types of defects of steel water pipes of Karlivka 

town, Poltava region 
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Table 5. Calculation interval estimates for the failure 

flow parameter 0 of Poltava city 
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n 

0, 

 

 

 
 

  

 

 

100 427 2,92 2,68 3,16 

150 194 2,71 2,40 3,05 

200 122 1,92 1,64 2,23 

250 23 1,58 1,07 2,24 

300 19 1,37 0,90 2,01 

 100 218 3,81 3,37 4,26 

150 56 3,74 2,97 4,68 

200 69 3,66 2,98 4,46 

250 12 2,57 1,49 4,15 

300 11 2,45 1,38 4,08 

0 
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n21

nn0202101mid

0 L...LL
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Table 6. Calculation interval estimates for the failure 

flow parameter 0 of Kremenchug town 
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0, 

 

 

 
 

  

 

 

50 29 4,93 3,52 6,66 

100 389 2,74 2,52 2,99 

150 150 1,72 1,50 1,98 

200 99 1,64 1,38 1,93 

250 72 1,03 0,84 1,25 

300 74 0,93 0,76 1,13 

 50 36 1,88 1,41 2,49 

100 142 1,65 1,43 1,91 

150 50 1,57 1,23 1,99 

200 34 1,45 1,07 1,91 

250 39 1,03 0,78 1,34 

300 28 0,65 0,46 0,88 
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Table 7. Calculation interval estimates for the failure 

flow parameter 0 of Lutsk city 
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0, 

 

 

 

 

  

 

 

100 288 3,330 3,03 3,67 

150 270 1,315 1,19 1,45 

200 72 0,532 0,43 0,65 

250 34 0,879 0,65 1,17 

300 28 0,150 0,11 0,21 

 100 1075 5,77 5,50 6,08 

150 456 4,88 4,59 5,20 

200 160 2,77 2,41 3,16 

250 97 2,06 1,73 2,43 

300 59 0,63 0,50 0,77 
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Table 8. Calculation interval estimates for the failure 

flow parameter 0 of Karlivka town, Poltava region 
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n 

0, 

 

 

 
 

  

 

 

50 0,4 2,94 2,10 2,94 

100 3,904 1,92 1,76 1,92 

150 5,054 1,37 1,19 1,37 

200 2,824 1,15 0,96 1,15 

250 0,952 0,77 0,63 0,77 

300 3,075 0,67 0,55 0,67 

 

50 6,684 3,30 2,36 4,71 

76 1,902 2,55 1,64 3,19 

89 1,5 2,84 2,14 3,77 

100 9,265 2,81 2,51 3,12 

125 2,34 1,70 1,46 1,95 

150 2,344 2,20 1,72 2,78 

200 0,8 1,29 0,95 1,70 

250 5,542 1,25 0,94 1,62 

300 0,462 0,64 0,45 0,86 

 

9. )D(f0  

 

Fig. 9. Analytical dependence )D(f0  for iron 

pipes of Poltava city 

 
10.  )D(f0  

 

Fig. 10. Analytical dependence )D(f0  for steel 

pipes of Poltava city 
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11. )D(f0  

 

Fig. 11. Analytical dependence )D(f0  for iron 

pipes of Kremenchug town, Poltava region 

 
12. )D(f0  

 

Fig. 12. Analytical dependence )D(f0  for steel 

pipes of Kremenchug town, Poltava region 
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13. )D(f0  

 

Fig. 13. Analytical dependence )D(f0  for iron 

pipes of Lutsk city 

 

 

 

14. )D(f0  

  

Fig. 14. Analytical dependence )D(f0  for steel 

pipes of Lutsk city 

 

15. )D(f0  

 

Fig. 15. Analytical dependence )D(f0  for iron 

pipes of Karlivka town, Poltava region 

 
16. )D(f0  

 

Fig. 16. Analytical dependence )D(f0  for steel 

pipes of Karlivka town, Poltava region 
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17. 

 

Fig. 17. Types of defects of iron pipes of four cities of 

Ukraine 

 
18. 

 

Fig. 18. Types of defects of steel pipes of four cities of 

Ukraine 

 

 

 

 

 

 

Table 9 

Generalized parameter failure flow of metal pipes for 

four Ukrainian cities 
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0  

 

 

  

  

 

 

50 4,47 3,39 5,80 

100 2,53 2,41 2,67 

150 1,39 1,29 1,47 

200 0,94 0,86 1,04 

250 0,93 0,79 1,08 

300 0,38 0,32 0,44 

 

50 3,14 2,75 3,57 

100 3,71 3,53 3,90 

150 3,17 2,96 3,37 

200 2,11 1,88 2,32 

250 1,40 1,24 1,57 

300 0,57 0,48 0,67 
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. )D(f0  

 

Fig. 19. Analytical dependence )D(f0  for iron 

pipes (summarized) of four cities of Ukraine 

 

. )D(f0  

 

Fig. 20. Analytical dependence )D(f0  for steel 

pipes (summarized) of four cities of Ukraine 

 

 

 

 mid

0 , 

, 

 

 37,1mid

0 1/ , 

 64,2mid

0 1/  

 

1.  

   114  119. 

2. 

  231. 

3. 

  440. 



  

 

124 

4.  

  216 . 

5.  

 161  176. 

6. 

-74:2013   2014-01-01].  

-

2013.  281.   

7. -

 29. 

8.  

 

 240 . 

9. 

   320. 

10. 1978.  

 

   22 . 

11. 

 // 

  33  

37. 

12.   1973.  

  

-  

  29  34. 

13. , , 2010.  

.  

-

  .  56  64. 

14.  

  30  35. 

15. , 

-

  32 . 

16. , , 2013. 

MOTROL.  Commission of motorization and 

energetics in agriculture : Polish Academy of sciences. 

 Lublin.    114 122. 

17. 

 

18. 

11.002-73.   24. 

19.    

   92  96. 

20. 

.   20 . 

21. , 

 

 301 . 

22.  

 

-

.  96  

101. 

23. , , , 

  534 . 

24.  

 -

 400 . 

25. 

wodociagowych // Ochrona Srodowiska.  2003. - 

 S. 17  24 

26. Piechurski F. Straty wody  sposoby ich 

obnizania // Ochrona Srodowiska.  2/2005, 4/2005, 

1/2006, 2/2006. 

27. Rak J. Podstawy bezpiecze stwa system v 

zaopatrzenia w wode.  Komitet Inzynierii Srodowiska 

PAN.  T. 28.  Lublin, 2005.  S. 1  215. 

28. Rak J., Tch rzewska-Cie lak B. Metody 

analizy i oceny ryzyka w systemie zaopatrzenia w 

wode. - Rzesz w: Oficyna Wydawnicza Politechniki 

Rzeszowskiej, 2005. 

RELIABILITY OF METAL WATER PIPES OF UKRAINE 

Oleksandr Matiash 

Summary: The water supply network is one of the most important elements in the water supply and distribution system, 

therefore the reliability aspects of the pipelines should be obligatory taken into consideration during designing of water supply 

networks. In this article we have ascertained the failure causes, calculated value of the specific parameter of the failure flow and 

made analytical dependences for four Ukrainian cities. 

Key words: metal water pipes, reliability indices, faultlessness, repairability. 
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Fig. 2. Graph of reduction of COD 

1. PIP WATER PLUS 

Table 1. Results of a study of preliminary treatment of wastewater by probiotic PIP WATER PLUS 

      

 

 

 pH 
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0 18-19 8,2-8,3 184,3 184,3 461 461 503 503 68,0 68,0 - - - - - - 5 5 

8 18-19 8,2-8,3 86,4 173 298 450 297 374 52,7 63,0 - - - - - - 2 5 

15 18-19 8,1-8,2 24,4 34,9 69 91 98 152 32,8 38,2 - - - - 
2,1- 
2,3 

2,1- 
2,2 

1 3 

32 18-19 8,0-8,1 13,2 16,6 57 78 88 115 3,1 3,9 35 34 132 126 
2,0- 

2,2 

2,0- 

2,2 
0 0 

. 3 5 

Fig. 3. Graph of reduction of BOD5 
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PROVISIONAL WASTEWATER 

TREATMENT BY PROBIOTIC AGENTS 
 

Abstract. Performed laboratory studies confirming the 

ability of probiotic agents to implement preliminary 

treatment of wastewater and improve the effectiveness of 

traditional mechanical and biological treatment. Achieved a 

positive treatment effect on the following indicators of 

pollution: COD, BOD, suspended solids, content of 

nitrogen of ammonium salts. 

 

Key words: wastewater, probiotics, microorganisms, 

sewage treatment plants, activated sludge, BOD,         

COD, suspended solids, ammonia nitrogen.
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Fig. 3. Model horizontal settler installed porous polymer concrete wall 
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Summary. The results of theoretical and experimental 

researches show the effectiveness of horizontal sump with a 

porous polymer concrete wall.  
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Table 1. The results of experimental researches for the definition of effective diameter of water solutions 

particles 
 

 1 2 3 4 5 6 7 8 9 10 
 

 

D , 10-6  
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Table 2.Theresultsofmathematicalprocessingofreceiveddataaftereffectivediametermeasurement 

 

 
 

 

 

 

 
  

 

 

 

 

 
 

 1 2 3 4 
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Table 3. The changes in time of raising of the Doppler signal amplitude  

 1 2 3 4 5 6 7 8 9 10 
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Fig. 2. Dependence of time of the Doppler signal amplituderaising  1t  (msec) on the measured particle di-

ameter ( D  10
-6

, m) of the water solution: 1, 2, 3, 4 are repeated measurements of the effective diameter, 5 is the 

average diameter defined after calculations 
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Fig. 3.  Dependence of the effective diameter value on the time of raising of the Doppler signal amplitude 

considering processed mean value. The angle between two sounded beams and  electrophoretic rate the particles 

movement is: 1 -  996,05cos 0  and  40,035,0v  meters per second, 2 - 996,05cos 0  and 
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45,04,0v  meters per second, 3 - 996,05cos 0  and 5,045,0v  meters per second 
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Table 1 - Results of experimental studies strength compressive of concrete 
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Fig. 9  The dynamics of strength compressive of concrete  - without the use of additives 1-  and with 

vacuumization, -  with the use of additives 1-  and with vacuumization 
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 Table 1. Fraction composition of dust out of blast-furnace gas 
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Fig. 3. General view of dry system of purification of blast furnace gas 

 

 

 

 
 

 

 

Fig. 4. Scheme of section of bag house filter 
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ANALYSIS OF OPERATION OF SECTIONS OF 

PRESSURE BAG HOUSE FILTER 

 AT INCREASED PRESSURE 

 

Summary. In this article, issues concerning operation 

of pressure bag house filters within the conditions of 

increased pressure of gases at the inlet of the unit 

have been considered, reasons influencing on the 

character of change of hydraulic resistance of filter 

have been analyzed, choice has been carried out as to 

the most efficient conditions of filter operation as 

regards change in pressure and residual dust content 

of the purified gases, implementation of which at 

industrial units will reduce emissions of suspended 

particulate matters into the atmosphere and reduce 

energy costs for operation of pressure bag house fil-

ters. 

 

Key words: pressure bag house filter, filtration, filter 
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