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Summary. Improvement and development of new 

highly efficient energy-saving methods of pipeline 

transport is proposed to carry out on the basis of modern 

scientific approaches. The new concept and its implemen-

tation on the synergic basis are proposed. It is shown that 

stochastic modes of mixtures’ flow arise at passing 

through intermittence, i.e. they are the result of collision 

of asymptotically stable and unstable motion states. There 

is presented graph of the dependence of energy of mixture 

volume on parameter П, reflecting the extent of instabil-

ity. In this graph, threeareas are defined: in area I oscilla-

tory motion of material particles takes place, without sep-

aration from the surface of the pipe, in area II particles are 

in an unstable state; in area III particles are in suspension 

(transportation mode is in flight). Analysis of areaII 

shows that individual particles of volume of moving mix-

ture have properties to enter the intermitentmodeat a slow 

change in parameter П. 

Key words: pipeline transport, bulk material, syner-

gy, intermittence, Energy saving. 

 

INTRODUCTION 

 

Scientific and technological progress, aimed at solv-

ing the most important problems facing the Ukrainian in-

dustries, primarily fuel, energy, metal, construction and 

environmental ones, is impossible without increase in ef-

ficiency of pneumatic and hydraulic industrial pipeline 

transport. Industrial enterprises widely use high-pressure 

pneumatic conveying systems with a number of disad-

vantages: high velocityof mixtures’flow in the pipeline, 

hence high energy consumption for transporting air-fuel 

mixtures; high wear of pipelines and ancillary equipment; 

degradation of particles of bulk materials; pipeline block-

age; need to purify large volumes of air emitted into the 

environment; unstable sedimentation of material particles 

in the pipelinewhile using hydraulic transport. 

In Ukraine, there is an acute problem of oil and gas 

shortage. An alternative to these energy sources is coal 

water fuel (CWF), obtained from finely ground coal of 

any brand, water and reagent-plasticizer. Use of CWF in 

industry has a number of advantages: CWF is relatively 

environmentally friendly source of energy, its combustion 

products contain much less soot, nitrogen and sulphur ox-

ides; CWF is an economical type of fuel; it has sufficient-

ly high calorific value and can reduce costs on its trans-

portation through usage of pipeline transport. At the same 

time,hydrotransport systems design for CWF has some 

specific features that are not addressed sufficiently. 

 

 

ANALYSIS OF MAIN RESEARCHES AND 

PUBLICATIONS 

 The fundamental monograph by Loitsiansky L.G. [1] 

presents differential equations for dynamics of both ho-

mogeneous and heterogeneous media that have become 

the basis for further research and development in the field 

of pipeline transport. 

The works of Smoldyrev A.E. [2,3] consider the laws 

of flow of bulk materials using pneumatic and hydraulic 

methods of transportation. The basis of this theory is sep-

aration of transported materials into classes. Then equa-

tions of flow of mixtures are considered and the main pa-

rameters of hydraulic and pneumatic conveying systems 

are determined for each class according to grain composi-

tion of mixtures. 

Works [1, 4] describe the main aspects of mechanics 

of multiphase mediawith different structures (gas mix-

tures, bubbly liquids, gas and heat carriers of vapour-

liquid boilers), discuss methods for describing interfacial 

interaction in dispersive media. Works [1, 2] give the the-

ory of sound, shock and kinematic waves and oscillatory 

motions in two-phase media. On the basis of methods and 

approaches outlined in sources [5,6] there is considered 

mechanicsof vibration and vibro-pneumatic conveying of 

bulk materials with regard to flow mode of individual par-

ticles aloft in suspension. The averaged energy balance 

equation of i-phase is proved and provided, taking into 

account the effect of surface, bulk, interfacial and internal 

forces of the given volume [6]. However, practical use of 

these approaches is unlikely feasible due to the need of 

using a lot of hardly determinable parameters. 

Works [7, 8] consider the issues of fluidization of 

homogeneous media, as well as applied mechanics of het-

erogeneous media. Researches [9 - 11] describe the re-

sults of studies of various parameters of pneumatic con-

veying systems during turbulent flow, transportation of 

gas-material flow,velocityand pressure losses. 

The work carried out studies that focus on the effect 

of silting of dams, which is caused by instability and sed-

imentation volatility of hydraulic fluids. Experiments by 

V.V. Traynis [12] with finely dispersed coal water sus-

pensions showed that the nature of their flow is somewhat 

different from the flow of ideal viscoplastic fluid. Actual 

flow starts at lower shear stresses, it follows from the the-

ory of viscoplastic flow. There was also found the phe-

nomenon of spontaneous flow cessation at low velocity. 

This issue is given a lot of attention in papers [13,14]. 

They present research of processes ofhydro transporta-

tionof highly concentrated suspensions at different shear 

stresses, transportation velocity and concentrations of the  

solid ingredient. In addition, much research is devoted to 

issues of sedimentation stability of suspensions, depend-

ing on various factors. It follows from the obtained data 

logistyka.snu.ua@gmail.ru


34                            N. Chernetskaya-Beletskaya, I. Baranov, M. Miroshnykova, S. Kravchenko, M. Bragin 

that the rational choice of concentration and particle size 

of the solid ingredient, and the choice of an adequate  

transportation mode determine effectiveness of the entire 

hydrotransport system [15,16].  

 

OBJECTIVES 

 

The aim of this work is to study the laws of flow of 

mixtures in fluidliftand their features referring to hydrau-

lic and pneumatic transport, as well as development of 

physical and scientific bases of creation of new, highly ef-

ficient energy-saving methods of pipeline transport. 

 

MAIN RESEARCH RESULTS 

 

The modern approach to development of promising 

pipeline transportation methods [17-20] is based on the 

research of phase states and transitions of air-fuel and hy-

draulic mixtures, conditions of their formation and 

preservation of stability in different parts of the transport 

pipeline. Mixtures’ flow is accompanied by complex pro-

cesses, which are consequences of variety of combina-

tions of phases and their structures, interfacial and intra-

phase interactions and transitions. 

Since pneumatic and hydraulic transport transit solid 

material using the carrying flow (either gas or liquid) in 

the course of its operation, then with a certain degree of 

probability it can be argued that they comply with the 

fundamental laws of physics. 

Studies in flow modes in pneumatic transport pipe-

lineof homogeneous and heterogeneous media (gas-

solids) [17-20] have shown that transition from laminar to 

stable turbulent flow through a number of unstable inter-

mediate states take place in the pipeline. Within one pipe-

line there may be two or more flow modeswith their mu-

tual sequence of transitions. Pneumatic systems operating 

in wave and batch modes of flow of air-fuel mixtures, in 

addition to general incremental flow of bulk material 

along the pipeline transport,there take place inside wave 

and inside batch turbulence characterized by formation of 

a large number of vortices. At the same time characteris-

tics of turbulent flow mode are kept, i.e., its disequilibri-

um, a large number of macroscopic degrees of freedom, 

significant and often decisive role of hydrodynamic fluc-

tuations arising due to excitation of a large number of 

macroscopic degrees of freedom, its unpredictability to a 

great extent. 

Transportation of bulk materials using transport pipe-

line under the influence of the carrying flow can be seen 

as an open system, which possesses unevenness associat-

ed with energy supply and resistance to movement, a 

large number of interacting subsystems of dynamic varia-

bles, viscosity and medium shear stress (its intrinsic prop-

erties), macroscopic interaction among particles and car-

ryingflow. The peculiarity of this system is the phenome-

non of intermittency, i.e. sequential change in regular and 

temporary time states of motion (the processes of for-

mation and destruction of structures, transitions of lami-

nar flow into the turbulent one and vice versa). Under cer-

tain conditions in pneumatic conveying pipeline there 

emerge ordered structures and forms of motion of the 

originally disordered, irregular forms of motion without 

special ordering external influences on the system [21-

23]. 

Adoption of the basic postulates of synergy [21-24]: 

relative degree of state order in open systems, helping to 

distinguish the “order” from the “chaos”; criterion of the 

degree of chaos or order K – entropy (entropy of Krylov-

Kolmogorov-Sinay), Lyapunov exponents, Boltzmann-

Gibbs-Shannon entropy (H –Boltzmann’s theorem 

ofthermal equilibrium, S-theorem); adoption of entropy 

differences as Lyapunov function, and adoption of the 

fact that the laminar flow accepted as a state of chaos is 

unstable; entropy production principle – the system is 

moving towards reducing entropy production; turbulent 

flow is more ordered than laminar flow; by the criterion 

of S-theorem transition from laminar flow to the turbulent 

one is a process of self-organization; establishing new 

macroscopic relations among individual areas and signifi-

cant complication of the structure suggest that constantly 

occurringnonequilibrium phase transitions in pneumatic 

conveying pipeline are carried out according to CO   

(order chaos), i.e. under the scheme of self-

organization[25]. 

State of local equilibrium in laminar flow is charac-

terized by the following distribution [22]: 
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where: лV is an average velocity of laminar flow. 

The derivative of the control parameter (Reynolds 

number is accepted as a control parameter) is: 
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where: лS islocal entropy of laminar flow; 

лS is averaged entropy of turbulent flow, allowing to 

consider transition from laminar flow to the turbulent one 

as a steady process of self-organization of flow modes of 

air-fuel mixtures in pneumatic conveying pipeline. 

Mixtures’ flow in a pipeline is accompanied by dissi-

pation of energy for transportation and motion in large-

scale vortex formations within a single volume. In case of 

establishing asymptotically stable state of flow in the 

mainline pipeline, balance of external forces is equivalent 

to forces of the resistance to motion: 

 

  resistextern FF .                        (3) 

 

Dependence of energy of E mixture amount at 

steady motion on the ratio of external forces and forces of 

resistance to motion )( E and external energy force )( EX  

shows that at values close to EXE   , the system is in 

an unstable state.
 

In case of pneumatic transport,structures are easily 

ruined, passing in a stable state: transportation in flight 

mode of individual particles in suspensionor fluidized 

flow. Individual particles of flowing mixture volume have 

the properties required for transition into the intermitting 

mode. Presence of internal friction in the given system 
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implies existence of an attractor, i.e., asymptotic limit 

)( t of decisions, which is not directly affected by the  

initial condition – the starting point. Vibration motion of 

particles exists in limited, poorly overlapped intervals of 

the investigated parameter  П
~

values. Stochastic mode 

should be established at such a value of parameter 

 П
~

when it goes beyond  
221

~
,

~
ПП towards higher or 

lower values, for example: 
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where:   is a small parameter.  
t is time interval. 

In this case, stochastic motion modes, both in pneu-

matic and hydraulic transport, arise while passing through 

intermittence, i.e. they are the result of collision of as-

ymptotically stable and unstable motion states 

 21

~~
,

~~
ПППП  . Another reason of transition is ex-

plained in the following way: there is always arbitrarily 

small perturbation of motion (Landau scenario) when an 

attractor with a large number of independent frequencies 

becomes a so-called “strange attractor”, containing sto-

chastic attracting trajectories: 
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where:   isa numerical coefficient; 

 ismotion velocity of particles. 

Fig. 1 is a graph of dependence of energy of air-fuel 

mixture volume Е  with steady state of motion onvalue 

П
~

, where


П
П 
~

. Pecked lines show corresponding un-

stable states of motion. The graph can be divided into 

three areas. When 1

~~
ПП   (area I), oscillatory motion of 

material particles takes place, without separation from the 

surface of the pipe; 2

~~
ПП  (area III) – particles are in 

flight (transportation mode is in suspension); 

21

~~~
ППП  (area II) – particles are in an unstable state. 

In the latter case, particles execute conditionally periodic 

translational and rotational motions. The structure has a 

small margin of stability and is easily ruined, passing to 

state 1

~~
ПП  or 2

~~
ПП  . 

 
Fig.1. Dependence of air-fuel mixture energy onthe 

ratio of external forces and resistance forces 

 

Area II analysis shows that individual particles of the 

volume of the flowing mixture have properties to transfer 

to the intermitting mode at slow change in parameter П
~

. 

Stochastic mode should be established at such a change of 

П
~

when this parameter goes beyond interval  21

~
,

~
ПП , 

both to higher and lower values. This approach makes it 

possible to explain stochastization of motionof rather 

complicated such non-conservative dynamical systems 

with lots of variables as pneumatic conveying systems for 

transporting bulk materials. 

Similar dependence of air-fuel mixture energy on the 

ratio of external forces and resistance forces can be cre-

atedincase of hydraulic transportation. 

Flow of mixtures with inner waves and inner portions 

turbulent motions is considered as a process of self-

organization with collective motions, determining the ef-

ficiency coefficients of transfer of momentum, force and 

mass of the moving material flow. The process of self-

organization of mass transfer in pneumatic convey-

ingtransportis carried out by additional energy supply of 

the moving material flow. Energy supply is realized by 

carrying gas, vibration or combined actions of several fac-

tors. Shape and roughness of particles and walls of the 

pipeline, carrying flow turbulence, system entropy, oscil-

latory processes observed during movement of bulk mate-

rials in the transport pipeline also contribute to creation of 

additional vorticity of the flow. 

Hydraulic fluids and coal water suspensions consist 

of two separate phases: water – continuous medium (con-

tinuum) and solid particles (discrete medium). Taken sep-

arately, each of these phases is characterized by its specif-

ic properties. The discrete solid phase is characterized by 

its mechanical parameters, grainsize composition, angles 

of repose and internal friction, etc. While mixing fluid 

continuous and solid discrete media, a new continuous 

medium is formed – a suspension, properties of which dif-

fer from its constituents taken separately. Each particle of 

the fine solid phase in the fluid medium gets a liquid shell 

on its surface, resulting in a dipole formation with posi-

tive and negative charges. Dipoles orientation in the mix-

ture volume is determined by interaction between them. 

As a result of this interaction, a structure is formed, and 

the suspension can be considered as a continuous medi-

um. Under exposure of the volume of such a mixture to 

force F at the initial moment, the solvate shells of the di-

poles are deformed and the initial shear stress develops, 

which is the result of elastic deformation in this case. 

Then a shift of separate layers of the hydraulic fluid 

occurs with developing plastic viscosity. Such a mecha-

nism ofdeveloping viscoplastic properties is typical of 

mixtures containing small and practically homogeneous 

particles. 

CWF includes fine particles, though heterogeneous in 

size and shape. As a result, some solid particles will not 

be completely covered by the solvate shell or will lose it. 

During deformation of volume of such a suspen-

sion,viscoplastic friction is added to purely mechanical 

friction of the particles that have lost or have not got solv-

ate shells on their surfaces. Viscosity in such mixtures 

manifests itself as a cumulative effect of plastic viscosity 
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caused by resistance to shear of individual layers of the 

suspension and resistance to friction of solid particles that 

do not have solvate shells. Thus, development of visco-

plastic properties in the volume of suspension is deter-

mined by both physical (formation of dipoles) andme-

chanical (friction) natures. According to this model, de-

velopment of viscoplastic friction, arising resistance can 

be associated with some effective (apparent) viscosity [1]. 

The latter one differs from the Bingham-Shvedov 

model by the fact thateffective viscosity takes into ac-

count both structural and plastic properties of the deform-

able volume of the fluid (suspension). 

The work makes an attempt to refine the rheological 

model of the state of Non-Newtonian fluids, in which vis-

cosity is considered as a function of the shear stress. Such 

a class of liquids includes coal water fuel, which depend-

ing on the properties, concentration and size of the solid 

component fractions can develop the properties of Bing-

ham plastic, pseudoplastic and even thixotropic liquid. 

 

As for multiparameter models, including the model 

of a rheologically complex medium (CWF), such a model 

is taken that reflects the nature of the change in a solid 

body under dynamic deformation: 
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where: ip is pressure in the i-th section of the hydrotran-

sport pipeline; 

iq is the deformation component. 

In this case, an option is considered when the 

transportation velocity is constant in time (stationary 

mode of transportation). Then the equation for the mul-

tiparameter model is written as follows: 
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Having limited by three parameters, the general 

equation of the rheological model of coal water fuel has 

been obtained: 
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where: ,s it e ig  are complex numbers; 

ts, and ge,  are normal and shear components of stress-

es and deformations respectively; 

me is the shear component at the boundary of the elastic 

region; 

0e is the boundary of the plastic region. 

Thus, the shear stress, the shear velocity and vis-

cosity of the water coal fuel are determined based on the 

formulas obtained, regardless of the type of liquids to 

which the researched system belongs. 

The refined rheological model will be used as a 

basis for mathematical modelling of the flow of the coal 

water fuel in industrial hydrotransport systems, which will 

allow taking into account the rheological parameters of 

the CWF  in solving the Navier-Stokes equations. 

The flow of the coal water fuel in hydrotransport 

systems, as well as any other fluid, is described by the 

Navier-Stokes equations and the continuity equation, 

which, with respect to the motion conditions in pipes, 

transform into boundary layer equations. 

 

The main problems solved by intensification of pro-

cesses in the transport pipeline are the following: increas-

ing productivity, reducing energy consumption, increas-

ing service life of pipelines and ancillary equipment, ex-

cepting particles’ degradation, improving sedimentation, 

expanding technological possibilities of application of 

pipeline transport. 

Intensification of processes taking place in the main-

line pipeline is carried out by impact on the moving mix-

ture: additional airstreams, vibration, volume effect of 

these two factors (Figure 2.3.).

  

 
Fig. 2. Scheme for determining basic parameters of pipeline transport 
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Fig.3. Implementation scheme of intensification processes in pipeline transport 

 

Modes of mixtures’ flow and their phase transitions 

can be predicted and described using the concept of par-

tial determinateness. Under the proposed approach, the 

observed process )(ty  acts as a determined (predictable) 

process when 11 D , as a random (unpredictable) 

process when 1D  or a partially determined (partially 

predictable) process when 110  D . In this case 

D is the correlation measure of the forecast quality intro-

duced as normalized correlation function (correlation co-

efficient between observation and prediction): 
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Time of determined behaviour depends on fluctuation 

impacts on noise measurement system and defects in the 

model that is presented in the form of the following de-

pendence: 

 

),,(det MfvF  ,                     (10) 

Where: M  is interpreted as inaccuracy of the model. 

However, as in any physical system, during motion 

of gas-material flows in the pipeline transportthere are 

preserved unavoidable noises in the form of thermal pro-

cesses, electrostatic forces, electromagnetic interference, 

interfacial effects, transformations of multicomponent 

media. These unavoidable fluctuation effects define limits 

of predictability. If 0 and 0M , then the limit 

value (predictability horizon) is: 

 

)0,,0(lim detlim fF  ,                 (11) 

 

Predictability horizon lim characterizes time of dy-

namic system memory. At the same time,value lim char-

acterizes time of reversible behaviour and is comparable 

to the information storage time during which the observed  

process loses information about noises effectingthe sys-

tem before. The concept of partial determinateness (ran-

domness and determinism are not opposed to each other, 

but considered as single property (partial determinism)  

poles) can be used in description of turbulent flows, as 

they have compatibility spatial domain [25]. 

 

CONCLUSIONS 

 

The analysis showed that further development and 

improvement of pipeline transport should be based on 

modern methodological approaches, based on the syner-

getic concept. 

Analysis of the processes occurring in the pneumatic 

conveying transport during transportation of bulk materi-

als showed that: 

- transportation of bulk materials in transport pipeline 

under the influence of the carrying air flow may be re-

garded as an open system with inherent characteristics; 

- adoption of postulates of synergy suggests that con-

stantly occurring non-equilibrium phase transitions in 

pneumatic conveying transport take place according to the 

scheme CO  (order - chaos), i.e. under the scheme of 

self-organization;  

- stochastic motion modes arise while passing 

through intermittence, i.e. they are the result of collision 

of asymptotically stable and unstable motions of air-fuel 

mixtures’ flow; 

- flow of air-fuel mixture with inner weaves and inner 

portion turbulent motions is considered as a process of 
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self-organization with collective movements, determining 

effective coefficients of transfer of momentum, force and 

mass of the moving material flow. Explanation of the 

phenomena, taking place in transport pipeline during flow 

of mixtures in non-stationary modes of mass transfer un-

der non-traditional version of material pipeline allows 

identifying and implementing a number of new technical 

solutions aimed at improving the transport pipeline. 
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НЕКОТОРЫЕ АСПЕКТЫ 

СОВЕРШЕНСТВОВАНИЯ ПРОМЫШЛЕННОГО 

ТРУБОПРОВОДНОГО ТРАНСПОРТА 

 

Чернецкая-Белецкая Н.Б., Баранов И.О.,  

Мирошникова М.В., Кравченко С.В., Брагин М.И. 

 

Аннотация. Совершенствование и разработка но-

вых высокоэффективных энергосберегающих спосо-

бов трубопроводного транспорта предлагается осуще-

ствить на базе современных научных подходов. Пред-

ложена новая концепция и ее реализация на синерге-

тической основе. Показано, что стохастические ре-

жимы движения смесей, возникают при переходе че-

рез перемеживаемость, т.е. являются следствием 

столкновения асимптотически устойчивых и неустой-

чивых состояний движения. Представленный график 
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зависимости энергии объема смеси от показателя П, 

отражающего меру неустойчивости. На этом графике 

выделено 3 области: в области I имеет место колеба-

тельное движение частиц сыпучего материала без от-

рыва от поверхности трубы; область II – частицы 

находятся в неустойчивом состоя- 

нии; область III - частицы находятся во взвешенном 

состоянии (режим транспортирования частиц в поле-

те). Анализ области II показывает, что отдельные ча-

стицы объема перемещающейся смеси обладают 

свойствами для перехода в перемеживающийся ре-

жим при медленном изменении параметра П. 

Ключевые слова: трубопроводный транспорт, сыпу-

чий материал, синергетика, перемеживаемость, энер-

госбережение.

 

 



 

 


