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DEVELOPMENT OF NEW ENERGY-SAVING
TECHNOLOGIES IN THE SYSTEMS OF HYDRAULIC
PIPELINE TRANSPORT

YV pobomi posenanymi 2i0poOuHamiyHi acnekmu wooo H08020 8uUdy mpyoonposioHo2o
MPAHCNOpmMy - KancyivbHo2o 2iopasiniunozo mpybonpogionoeo mpancnopmy (KI'TT ).
Ilokazano, wo KI'TT modice susaeumucs 3HayHo egheKkmugHiuie (3 mouku 30py eHepeosumpan)
8 NOPIGHAHHI 3 BIOOMUMU MPAOUYTUHUMU BUOAMU MPYOONPOBIOHO20 MPAHCNOPMY MEePOUX
OUCNEPCHUX MAmepiaie i 8UCOKO8 A3KUX PIOKUX NPOOYKMIE.

Kniouosi  cnosa: kancynvnuti  2iopasniunuil - mpyoonpogioHull  Mpancnopm,
eHepeosUmpamu.

B pabome paccmompenvl euopoounamuieckue acnekmosl OMHOCUMENbHO HOBO20 8UOA
mpyoonpo8oOHO20 MPAHCNOPMA — KANCYIbHO20 — 2UOPABIUYECKO20 — MPYyOONPO80OH020
mpancnopma ( KI'TT ). llokazano, umo KITT mooxcem okazamucs 3HAYUMENbHO
appexmusnel (¢ MoOuKuU 3peHus SHepP2o3aAmMpam ) HO CPABHEHUI)  C U3BECHbIMU
MPAOUYUOHHBIMU — BUOAMU  MPYOONPOBOOHO20 — MPAHCNOPMA — MBePObIX  OUCNEPCHBIX
Mamepuanos u 8biCOKOBA3KUX HCUOKUX NPOOYKMO8.

Kniouesoie cnoea: KAncynioHbulll 2UOpaBIUYECKULl mpyoonpo8ooHblil
PAHCHOPM, SHEP2O3AMPANbL.

Hydrodynamic aspects of a new type of pipeline transport - capsules hydraulic pipeline
transport (CHPT) are considered in this paper. It has been shown that CHPT can be much
more effective (from the point of view of energy costs) in comparison with the traditional
conventional types of pipeline transport of solid dispersed materials and highly viscous liquid
products.

Keywords: capsules hydraulic pipeline transport, energy consumption.

In connection with increasing the volume of transportation of various disperse and
viscous liquid products, the problem of finding and implementation the new and effective
methods of transportation these materials has arisen before the national economy.
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In this regard, one of the perspective methods of pipeline transportation is capsules
hydraulic pipeline transport (CHPT), in which the transported material is loaded into capsules
(containers) and moves through pipes using a liquid (water) flow. Particularly relevant is the
introduction of this type of transport in those regions where it’s possible to organize
simultaneous transportation of water and various products in capsules in one common pipeline.
As a capsule, reusable rigid shell as well as disposable, strong, elastic containers ( bags ) can
be used. As a rule, the most appropriate is the using the capsules in a form reminiscent of the
shape of the cylinder. Schematic diagram of the linear part of the capsules hydraulic pipeline
transport is shown in Fig.1
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Fig.1 Schematic diagram of capsules pipeline hydrotransport

At the present time the research carried out by domestic and foreign authors have
shown that CHPT can be, in principle, successfully applied in numerous areas of the national
economy for transportation of different agricultural products, as well as in the coal,
petrochemical and mining industries [1-4]. However, the absence the universally recognized,
evidence-based method of calculation the basic parameters of hydraulic capsules
transportation does not allow so far to estimate the reliability and effectiveness of CHPT,
which largely hinders its wide implementation.

In this paper a brief description concerning results of theoretical and experimental
studies performed in recent years in IGM NAS of Ukraine in the area of CHPT are presented.
The purpose of these research was study such parameters of CHPT as the average velocity at
which the movement of the capsules begins (starting velocity), as well as the hydraulic
resistance and the relative velocities of the capsules on the horizontal, inclined and bend
sections of the pipeline. The possibility to evaluate the above parameters makes it possible to
provide the stable operation of the entire transport system, determine its throughput, select the
necessary pumping and other equipment.

It should be noted that the formulated problem of calculation the basic parameters of
CHPT is part of a rather complex and not enouth studied problem of hydrodynamics which
maybe associated with the motion of bodies in a fluid under the constrained conditions. At
present, when solving such problems its advisable to use a complex approach, which includes
both the development of a general mathematical model for the object of investigation (in our
case, the capsules flow) and large-scale experimental studies.

In the development of the mathematical model of capsule flow, the joint movement
of liquid and capsules through the pipeline was considered from the point of view of discrete
two-phase flows [1-2], which allowed to apply for such kind of systems the modern methods
of mechanics of multiphase medium. In this case the probabilistic averaging and the theory of
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generalized functions in the presentation of dynamical macroscopic equations were used. So it
was possible to correctly derive the equations of continuity and the equation of motion
separately for capsules and the surrounding liquid.

The obtained equations made it possible to identify the numerous characteristic
features of the joint motion of liquid and capsules through a pipeline and within the frame of
a one-dimensional problem to obtain the structure of expressions for calculation the basic
parameters of hydrotransportation of capsules of various buoyancy. Because the system of
hydrodynamic equations was not closed, in the resulting calculated expressions there were
some number of unknown parameters. In our approach these parameters were determined on
the base of experimental data.

Experimental studies of the basic parameters of CHPT for capsules with different
buoyancy on straight horizontal pipelines were conducted on three connected pipe installations
(inner diameters 25, 58 and 125 mm ) and two open-ended ones (inner diameters 12 and 37
mm).

The studies of hydrotransport the different capsules on the bends two circular
installations with internal diameter of 25 and 125 mm were used, including bends with angles
of 30°,60° m 90°.

The research the hydrotransport of capsules on inclined and vertical sections the
laboratory installation (internal diameter of 29 mm) with an adjustable slope of the pipeline
and flow-through type installation with an internal diameter of 12 mm were used. All above
installations were supplied with equipments and devices enabling to simultaneously determine
hydraulic resistances, average velocities of the water and capsules, and also starting velocity
for heavy capsules.

The studies were conducted both with single capsules and trains of capsules of flexible
and rigid walls and having spherical front end and flat rear end. While the basic characteristics
of capsules were changed in a fairly wide range:

d./D=056-092; I./D =2-80; pol py =1-8;

Where [.,p.,d. - respectively capsule length, density and diameter, p, - density
of the carrier medium, and D— pipeline diameter.

The significant amount of experimental research performed regarding the basic
dynamic parameters of hydrotransportation has greatly expanded and generalized the well
known experimental data, which are presented in the literature.

Fig. 2a shows, as an example, the typical dependences for hydraulic pressure gradient
I and the relative velocity V,./V,, for heavy capsules p.>p, on the average flow

velocity V7, . For such regime of transportation, the motion of capsules begins at a certain
velocity (starting velocity V).
For the following velocity mode V,, >V, , the hydraulic resistance of the capsule

flow [ (energy consumption) is generally higher than the hydraulic resistance for pure water
I,.
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As to relative velocity of the capsules V./V,, ( Fig. 2a), the value of V./V ,
increases with increasing J/,, , and then asymptotically approaches to certain constant value.

This value in our experiment ( similar to the experiments of another authors ) are changed
from 1.05 to 1.2, while the value of the relative velocity grows with the increasing the diameter
of capsule and decreases with increasing the length and density of capsule.

Fundamentally new results [1-3] were obtained during the study the motion of
capsules in bend, on inclined and vertical sections of the pipeline, and also when the capsules
have a density close to the density of the carrier liquid (capsules of neutral buoyancy).

In particular, as to experimental results obtained with all six experimental installations,
pressure gradient ( hydraulic resistances 1) in the liquid flow with flexible and rigid capsules
of neutral buoyancy turned out to be almost identical to the ones in the similar flow of
homogeneous liquid. This is visually illustrated by the Fig.2b ( curve 1).

In the same time, the relative velocity of capsules V. /¥, (Fig. 2b, curve 2) remains

almost constant over a wide range of ¥/, and depends only on capsules geometry: it increases

when relative length of the capsule grows and decreases when its relative diameter increases.
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Fig.2 Dependence of pressure gradient (/) and relative velocity of capsules
(V. /V,, ) on the average flow velocity J/,, for heavy capsules (a) and capsules
of neutral buoyancy (b)
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The last obtained results have the fundamental importance, since the question of the
nature of the motion of neutral buoyancy capsules is still debatable. This is due to the fact that
such kind of flows are fundamental for testing various methods of mathematical modeling
for the motion of bodies in a fluid under the constrained conditions. In practical terms, the
latter result allows us to make an important conclusion about the special efficiency of using
CHPT for transportation of various materials with a density close to the density of the carrier
fluid. This may be applied, first of all, to the transportation of oil and oil products, and also
to those bulk solid materials, the volume density of which in capsules is close to the density of
the carrier medium.

Special attention was also devoted to the study of the kinematic structure of capsules
flows, since by now these questions were practically not studied. To study the turbulent
characteristics of hydraulic pipeline capsules flows, the electrodiffusion measurement method
was first used in our paper [1]. Thus, the whole set of experimental data obtained in our
research concerning the dynamics and kinematics of capsule flows [1-3] was a reliable base
for the development of generalized method of hydraulic calculation for CHPT systems.

In this case, the mathematical model and experimental data were used as a base for
devepment an engineering method of calculation the main parameters of CHPT when the
capsules move on straight horizontal sections of the pipeline [1-3]. In addition,
recommendations for calculating the parameters of hydrotransportation of capsules in bends,
on inclined and vertical sections of the pipeline were also developed.

In general, the reliability of the calculated dependencies proposed in the paper was
verified on the most of experimental material known in the literature, including foreign authors.
Moreover, the operation of all assembly units and equipment for capsule pipeline systems
were successfully implemented and tested in IGM NAS of Ukraine on a semi-industrial
experimental stand ( D=125mm ).

The recommendations developed in such a way can be served as a base for design
industrial and main capsule pipeline hydraulic systems. In addition, this methodic also makes
it possible to estimate the effectiveness of CHPT and advisability of its using in various areas
of the national economy.

As known, energy consumption ( energy costs ) is one of the main indicators of the
effectiveness of considered kind of transport. Therefore, a great interest is to compare the
energy costs of CHPT with other types of pipeline transport. For the case of transportation of
bulk solid materials, CHPT its reasonable to compare with traditional hydrotransport of slurry,
and for viscous liquid products - with the usual pipeline transport of these materials. Some
results of this kind of comparison are shown in Fig 3.

Our calculations concerning the transport of solid dispersed products have defined
that, other things being equal, the transportation of such materials in capsules is generally more
efficient than using the traditional pipeline hydrotransport of these materials in the form of
slurry. At that, for some bulk solid materials this advantage, as seen in Fig.3a, can be more
than 2-3 times.  For definiteness, on this figure as the material to be transported the coarse-
grained coal was chosen. For this case the diameter of the pipeline D=307 mm, the average

volume coal concentration §=0.2, and the average density of the solid material -
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ps =1600kg /m’. Numerous calculations have shown that saving in energy costs will be

the more than higher the average size and lower the density of the transported material.

As for the comparison in the transportation of viscous liquid products, the decrease in
energy consumption for CHPT relative to traditional pipeline transport will be significant
(up to 2-4 times), than higher the viscosity of transportation materials.

Figure 3b, as an example, shows the energy costs for transportation of oil/ petroleum
from the famous “Russkoye field” directly through the pipeline D=500mm at ¢ =10° C and

with using of CHPT in a pipeline of the same diameter ( d,./D=0.9). In comparison it was

assumed, that in both cases the total volume flow rate of oil Q(m’ /sec)remains constant, and

the CHPT of oil is realized in polyethylene capsules (bags) with distances between capsules
equal to their length.

In conclusion, we have to note that our preliminary results obtained in this paper have
established sufficient effectiveness of the considered alternative capsules hydrotransport. In
particular, from the results given in the work, it follows that CHPT can be significantly more
efficient (from the point of view of energy costs) in comparison with the well known traditional
types of pipeline transport. At the present time in Ukraine and abroad the complex research
related to evaluation the more perspective areas of using CHPT are discussed among scientists
and constructors.
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Fig. 3 Comparison of energy costs for various types of pipeline transport
for carriage of bulk solid materials and viscous liquid products
a) Energy costs for hydrotransportation of coal class 0-70 mm;

D=307mm; S=0.2; p=1600kg / m’

1- slurry transportation; 2 - CHPT
b) Energy costs for transportation of oil

from the “Russkoye field”, p=960kg/m?
1- traditional pipeline transport of oil; 2 — CHPT
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