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S u m m a r y :  The article deals with the determination 
of the refractive efficiency of industrial hydrotransport 
system of evacuation of ash materials. As, which 
offered value for used hydraulic power divided by the 
weight of the transported material. We study the 
dependence of the specific hydraulic capacity of the 
various influencing factors: the density of the solid 
material, the concentration of the slurry, the slurry flow 
rate (flow rate). The analysis of the obtained surfaces of 
the response, and made recommendations regarding the 
choice of rational transportation parameters of slurries 
of solid wastes from coal. 
K e y w o r d s :  hydraulic fluid, power, speed, 
concentration of the expense. 

INTRODUCTION 

Thermal power stations in Ukraine 
producing electricity by burning various types 
of hydrocarbon fuels. This produces solid 
wastes, which are solid particles of various 
sizes and are divided into ash and slag. [2, 7] 

Ash has a size of 0 to 1.2 mm, and 
activated carbon filter, scrubbers and 
electrostatic precipitators. Slag – the large 
sintered particles with sizes up to 100 mm and 
more. For its further transport it is necessary to 
pre-grinding [8]. 

Are four main types of disposal of ash 
and slag: hydraulic, pneumatic, mechanical 

and combined. Because by a high transport 
capacity and reliability of the most commonly 
accepted a hydraulic ash removal (Group 
Metering) based on the use of hydro-transport 
pipeline systems. The main disadvantages of 
hydraulic ash removal should be: low 
efficiency due to the excessive consumption of 
specific carrier medium (per ton of ash 
accounts for up to 50 m3 of water), high 
specific cue equipment wear due to transport 
abrasives, significant expenditures of labor on 
maintenance of hydraulic ash removal 
facilities, repair of pumps, gravity fed canals 
and pipelines external hydraulic ash, 
waterlogging of soils in the area of storage of 
ashes. The means to make the content is about 
7,8-11,2 million a year or more, depending on 
the power of TES [9, 22, 25]. 

MATERIALS AND METHODS 

Improvements in energy efficiency and 
the evacuation of ash were studied by such 
scholars as Berestovoy A.M., Bragin, B.F., 
Beletsky V., Vlasov, Y., Krill S.I., Krut A.A., 
Melent'ev B. Oh., Murko V.I., Nagli O.Z., 
Svitliy J.G., Silin M.O., Smoldyrev A.E., 
Semin D., Ulshin V.A., Ur’ev N.B., 
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Chernetskaya-Beletskaya N.B., Yufin A.P., 
O.M. Yahno etc. The main areas of work listed 
scientists and many other researchers were: 
classification and theoretical lighting flow of 
ash slurry thickening of ash, as well as the 
modernization of hydraulic ash removal units. 
However, currently most promising should be 
considered as a combined ash removal system, 
which provides a high concentration of solids 
in the hydraulic part of the system. Also on the 
study of rational parameters of the flow and 
the scientific substantiation not be proper 
attention [3, 15, 19, 20]. 

In connection with the above, the actual 
is rational, the task as selecting the 
concentration of the solid and the transport 
velocity, corresponding to the minimum value 
of the energy moving in the system unit of 
transported the solid component. 

The purpose of the article. Definition of 
rational parameters of solid transportation unit 
of the material in the industrial hydrotransport 
system topic (IHTS). 

RESULTS, DISCUSSION 

Calculations hydrotransport systems is 
determining the critical flow rate cru , ensures 
weighing and moving through the pipe bulk 
solids and hydraulic gradient Δimix, design 
pressure necessary for supplying the pulp. [1] 

Minimum speed that prevents subsidence 
can be determined from the balance of the 
stress on the forces acting on the elementary 
final volume of small fraction two-phase 
medium, with holding extremely large particle 
fraction. The particle solids accepted sphere-
like shape, which corresponds to the most 
severe cases (Fig. 1) [4, 5, 6]: 
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where: sol  and mix  is respectively the 

density of solid phase and slurry, kg/m3, 
p  is pressure drop, Pa, 
z  is typical size, m, 

1zu  is speed lengthways axis of the pipe, 
m/s, 

pr  is the radius of particles of solid 

material, m, 
  is shear rate, s-1, 

0  is initial shear stress, Pa, 

st  is structural viscosity, Pa·s, 
g  is acceleration of gravity, m/s2. 
Algebraic transformations and excluding 

members of a higher order of smallness 
received (error less than 3%): 
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where: 
D  is the diameter of the pipe, m, 

pd  is diameter particles of maximum 

size, m, 
uK  is the adjustment factor, for straight 

sections 1uK  . 
 

 

Fig. 1. Scheme of the stress action of external forces on 
elementary final volume: 

ac – stress from the action of hydrodynamic forces, Pa, 

vis – stress from the forces of viscosity, Pa, 

mass – stress from the action of mass forces, Pa 

Let us calculate the dependence obtained 
by the slurry density of 1250, 1333, 1428 
kg/m3 and a solid component density of 2000 
kg/m3, initial shear stress is 0,016, 0,4436, 2,9 
Pa for the maximum particle size of 800 and 
500 micron diameter pipe ranged from 50 to 
300 mm (Fig. 2) [16, 17]. 



12    NATALIYA CHERNETSKAYA-BELETSKAYA, ALEXSANDR KUSHCHENKO,  EVGENIY VARAKUTA, ANNA SHVORNIKOVA, DENIS KAPUSTIN 

 

Fig. 2. Dependence of the critical velocity in the 
structural mode of transportation on the pipeline 
diameter with a large particle size values of 800 and 500 
m, respectively 

Theoretical studies have shown that at 
low mass concentration of solid component 
and the magnitude of the initial shear stress a 
major stake in keeping the particles invest 
Archimedes force and hydrodynamic forces, 
and in the case of a significant increase caused 
by the increase of mass concentration, and also 
viscous forces, accompanied by a sharp 
decrease critical speed transportation [12, 13]. 

For comparison of the obtained values of 
the critical transport speed according to the 
relationship proposed by the author and others 
to the procedures performed calculation of 
critical velocity of the slurry density of 1250, 
1333, 1428kg/m3 with the solid component 
density of 2000 kg/m3, initial shear stress is 
0,016, 0,4436, 2,9 Pa, the maximum size of the 
particles – 800 and 500 mm diameter water 
pipeline D ranged from 50 to 300 mm (Fig. 3). 
 

 

Fig. 3. The values of the critical velocity transport 
calculated using a variety of dependencies 
VNIIGidrougol – 1, 2, 3, author – 4, 5, 9, Instruction on 
hydraulic transport soil – 6, 7, 8 

The analysis presented in figure 3 
dependences allows us to establish that the 
values of the critical velocity calculated by the 
method VNIIGidrougol (curves 1-3) is 
significantly higher than for the other two 
methods with the same diameter of the 
pipeline. Along with this, the values of critical 
velocity (curves 1-3, 6-8) increase with 
increasing concentration of the solid 
component, which contradicts the 
experimental data, where there is a reduction 
of the critical transport velocity with 
increasing mass concentration and density of 
the slurry. 

During the experiments the mass 
concentration of solid 40% has been 
established the existence of stabilizing land 
loss (minimum of shallow mini), which 
corresponds to an effective Reynolds number 
and range speed (0,4-0,48) m/s, average of the 
readings accepted by the critical velocity equal 
to the transport (0,44 m/s) (Fig. 4). This fact is 
explained by the deposition of fraction and 
reduced flow area of the pipeline, which is 
confirmed by visualization workflow on the 
transparent area equipment (the appearance of 
a dark area in the bottom-part pipeline). The 
experimental data are in good agreement with 
the theoretical The study, according to which 
the value of the critical velocity is 0,44 m/s at 
a mass concentration of the solid component 
of 40% and decreases with increasing content 
of the solid phase. 
 

 

Fig. 4. The pattern of pressure loss change from flow 
velocity at C = 40 % (1) and the line of critical velocity 
in the range of concentrations (C = 40... 60 %) (2) 

Changing the current recorded 
piezometer readings and visually, it was when 
the mass concentration of the solid component 
40, 50 and 60% in the measuring range from 
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0,5 to 2 m/s for straight sections, horizontal 
and vertical turns 180° and 90° change in flow 
regime was observed. 

Changing the current recorded 
piezometer readings and visually, it was when 
the mass concentration of the solid component 
40, 50 and 60 % in the measuring range from 
0,5 to 2 m/s for straight sections, horizontal 
and vertical turns 180° and 90° change in flow 
regime was observed. 

In general, the motion of viscous media 
is described by differential equations 
Reynolds, who obtained by substituting into 
the Navier-Stokes equations instead of the 
actual values of the velocity and pressure of 
their averaged and pulsating pressures [10, 11, 
14, 18]. 

While taking into account the flow 
channel round-sectional area (tube) have in the 
case of laminar steady state for a straight pipe 
section (Eq. 3) takes the form: 
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where: ru , zu  are the components of the 

velocity of the mixture along the radius and 
the axis of the tube, m/s, 

r  is radius from the axis of the tube, m, 
zr  – stress on the action of surface 

forces, Pa. 
Present a mathematical model (Eq. 3) 

describes for concentrated slurries waste 
power station structurally mode on a circular 
pipe of constant diameter [21, 23, 24, 26, 27]. 

Value of dynamic viscosity in the 
equation is taken conditionally constant, which 
can lead to significant errors in determining 
the parameters of the flow of concentrated 
slurries. In order to clarify obtained by the 
results in this paper used the numerical 
solution of equations (Eq. 3, 4), which allowed 
us to obtain approximation dependences 
presented in the text below. 
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where: C is value of the mass 

concentration of the solid phase. 
The proposed mathematical model 

describes the waste slurries under the imposed 
boundary conditions. 

Theoretical experiments show that when 
the slurry in the structural mode specific loss 
of pressure change in powers nonquadratic 
degree that caused the destruction of the local 
structure with increasing transportation speed. 

The obtained dependences can be 
approximated by functions of the form 

1,39
40 755i u  , 1,38

50 840i u  , 1,51
60 1000i u   that 

allows to obtain a generalized dependence of 
pressure loss on the pipe diameter D, the solid 
phase concentration C and velocity u (the error 
is about 5%): 
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where: pa , pb  are coefficients depending 

on the vehicle speed and concentration of the 
solid phase. 
 

 

Fig. 5. Dependence of the pressure loss of the transport 
velocity of concentrated ash slurry in the structural 
mode by rectilinear portion of the line with a mass 
concentration of the solid component 
1, 2, 3 respectively 60, 50 and 40 % 
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Experimentally established that right 
linear portion of loss of pressure in a 
concentrated ash slurry for range velocity zone 
of 0,5-2,0 m/s and the concentrations of 40-
60% can be determined from the regression 
equation [8]: 
 

2 2

1251,28 112,49 5221,3

186,97 4667 1550 ,

mixi u C

u C u C

    

   
        (7) 

 
where: u  is value of the transport 

velocity, m/s. 
 
Represented by the expression (Eq. 7) a 

response surface (Fig. 6). 
 

 

Fig. 6. Response surface for the straight section with 
variables and 

Analysis which revealed that a fixed 
value of the concentration dependence of the 
velocity head loss of transport has almost 
linear character of the increase. At a fixed 
speed transport resistance also describes a 
monotonically increasing function. 

For the numerical definition of rational 
transportation parameters execute calculation 
consumed hydraulic power to move the ash 
slurry at a distance of 2260 m, which 
corresponds to the length ash pipeline 
Luhansk’s power station. Calculations will be 
performed for different speeds of 
transportation, solid component concentration 
at a fixed value of the mixture (Fig. 7) [16, 17, 
28, 29]: 
 

mix mix mixN i L Q    ,                    (9) 
 

where: L  – pipe length, m, 
mixQ  – volume pumped mixture, m3/s. 

 

 

Fig. 7. Hydraulic power dependence on the values of 
the transport velocity and the concentration of the solid 
component of a fixed value of flow slurry 
( 0,05mixQ  m3/s) 

Similarly, the value is determined by 
spending hydraulic power for other values of 
the slurry flow. 

An increase in the hydraulic consumed 
power during transportation slurry as an 
increase in vehicle speed, and with increasing 
concentration, and the change is exponential in 
nature. 

Consumption of solid component can be 
determined from the expression: 
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Analysis of the surface in Figure 8 it 

possible to establish that the change in flow 
rate of the solid phase from the slurry expenses 
da obeys a power law, and concentration – 
linear. 

Value of the specific hydraulic power 
unit for moving solid material but one can be 
calculated from the ratio (Fig. 9). 
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Fig. 8. Flow rate of the solid component, depending on 
the concentration of the mixture C and slurry flow rate 

mixQ  

Analysis of the dependence of the specific 
hydraulic power unit of the material transported 
revealed that with increasing flow rate of the slurry 
(transport velocity) observed uneven change its 
dramatic change occurs at low flow rates with a 
further stabilization of growth. With increasing 
concentration of the solid component occurs at 
least at a weight concentration of solids of 0,55, 
which is particularly evident at low cost of the 
slurry. 

 

 

Fig. 9. Dependence of specific hydraulic power unit of 
the solid material from the slurry flow (conveying 
speed) and the mass of solid components 

CONCLUSIONS 

1. Basic design parameters of hydraulic 
transport system for moving waste solid fuel 

are critical transport velocity and hydraulic 
gradient. 

2. The critical velocity for highly 
concentrated ash slurries should be determined 
taking into account the rheology of the 
transported medium and their size, based on 
the diameter of the pipeline. 

3. Determination of specific head loss for 
evacuation systems ashes also has its 
specificity that is associated with a change in 
the members of the deviator stress tensor in the 
Navier-Stokes equations. 

4. The main quantity that characterizes 
the movement of the unit cost of the 
transported material, it should assume a 
specific hydraulic power expended by a 
predetermined displacement volume of the 
solid phase. 

5. Specific hydraulic power is used for 
transportation depends on several parameters, 
primarily the flow of slurry (conveying speed), 
concentration of the solid component in the 
slurry, its density, etc. 

6. Dependence of the specific hydraulic 
power of the factors presented by is complex, 
while there is a sharp increase in its 
consumption increases slurry (speed 
transporting) and a minimum at a solids 
content of about 0,55. 

7. Based on the studies should be 
encouraged to transport with minimum 
possible speed, which ensures reliable 
movement of ash and slag, and mass solids 
content of about 55 %. 
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ОПРЕДЕЛЕНИЕ РЕЖИМА РАБОТЫ 
ГИДРОТРАНСПОРТНОЙ СИСТЕМЫ 

ПЕРЕМЕЩЕНИЯ ТВЕРДЫХ ОТХОДОВ 

Наталия Чернецкая-Белецкая, Александр Кущенко, 
Евгений Варакута, Анна Шворникова,  

Денис Капустин 

А н н о т а ц и я :  В статье рассматриваются вопросы 
определения показателя эффективности работы 
промышленной гидротранспортной системы 
эвакуации золошлаковых материалов. В качестве, 
которого предложена величина затрачиваемой 
гидравлической мощности, отнесенная к массе 
транспортируемого материала. Исследуется 
зависимость удельной гидравлической мощности от 
различных факторов влияния: плотности твердого 
материала, концентрации гидросмеси, расхода 
гидросмеси (скорости течения). Проведен анализ 
полученных поверхностей отклика и составлены 
рекомендации касательно выбора рациональных 
параметров транспортирования гидросмесей 
твердых отходов сжигания угля. 
К лю ч е в ы е  с л о в а :  гидросмесь, мощность, 
скорость, концентрация, расход. 

 

 

 


