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Abstract: it is known that most of the oils produced in the Republic of
Uzbekistan, due to the high content of paraffin resins, sulfur and other
compounds, have a high viscosity and low fluidity through pipelines. Therefore,
to improve the process of transporting high-viscosity oils through a pipeline, it
IS necessary to study their composition and properties, taking into account local
factors. The rheological properties of oil primarily depend on its chemical
composition and are different for different fields. Therefore, when developing
new oil fields, it becomes necessary to study its rheological properties in order
to issue initial data for calculating pipelines using the formulas of applied
hydromechanics. In this case, it is convenient to use the models developed for
each type of oil, which can be used to compile a program for calculating the
hydrodynamic parameters of oil on a computer for determining the average
speed, flow rate, plasticity coefficient of oil, drag coefficient, pressure drop in
the pipeline, and others. All these data will help to establish the regularities of
the process of transporting viscous oil through pipes of various cross-sections
with minimal energy costs.
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AHHoOmayusa: u3eecmuo, YUMo OONLUWUHCMBO Hepmel, 000vIBaAeMbIX 8
Pecnybnuke Y3zoexucman, uz-3a evicokoeo cooepoicanus napagpuua cmoi, cepul
U Opyaux CcOeOUuHeHUll umeem GblCOKYIO 683KOCMb U HU3KYIO MeKyYecms No
mpyoonposooam. Credosamenvro, Ol  COBEPUIEHCMBOBAHUS — NpoYeccd
MPAHCNOPMUPOBKU  BbICOKOBSA3KUX Hehmeli no mpyoonposody mpebyemcs
uccreoosanue Ux cocmasa U CeOUCME C YYemoM MeCmHbuIX QaKmopoas.
Peonocuueckue ceoticmea negpmu, 6 nepgyro ouepedv, 3asucam om eé
XUMUYECKO20 cOCMmAasa U paziudmbl 01 pasHvlx Mmecmopoxcoenuu. Ilosmomy
npu paspabomie HOBbIX MECMOPONCOeHUU Hedmu 803HUKAEm HeoOX0OUMOCHb
uccneoo8anusi eé peonocudyeckKux ceoucme Ol 8bl0auu UCXOOHBIX OAHHBIX K
pacuémy mpybonposooos no opmyiam NpukiaoHou cuopomexanuxu. B smom
cayuae YOOOHO NONb308AMBCS PA3PAOOMAHHBIMU OJIsl KAHCO020 8Uda Hepmu
MoOensiMu, No  KOMOPbIM — MOJCHO — COCMABUMb  NPOSPAMMY  pacyéma
2UOpoouUHamudeckux napamempos Hegpmu na IBM onpedenenus cpeoueii
cKopocmiu, pacxood, Kodgguyuenma niacmuynocmu Heghpmu, Kodghpuyuenma
conpomuenerus, nepenaoa O0asieHus 6 mpyoonposode u opyeux. Bce smu
OaHHble NOMO2YM YCMAHOBUMb 3AKOHOMEPHOCMU NPOYeccd MmpancnopmuposKu
8A3KOU Hegpmu no mpyoam  pasziudHO20  CeYeHus. ¢ MUHUMATbHLIMU
9Hepeemu4ecKUMU 3ampamamu.

Kntouesvie cnosa: negpmo, napagumn, cmona, cepa, 6a3Kocmv, peazeHm,
MPAHCNOPMUPOBKA, ~ HBLIOMOHOBCKUE U HEHbIOMOHOBCKUE  HCUOKOCU,
ncegooniacmuyHble U OUNAMAnmMHble HCUOKOCMU, PeoSPAMMA.

It is known that most of the oils produced in the Republic, due to the high
content of wax, resins, sulfur and other compounds, have high viscosity and low
fluidity through pipelines.



The issues of oil transportation by pipeline are dealt with in many countries of
the world, incl. and here in Uzbekistan in order to reduce the cost of expensive
reagents, energy, etc.

Therefore, improving the process of transporting high-viscosity oils through a
pipeline requires studying their composition and properties, taking into account
local factors.

Oil belongs to a class of real fluids that are compressible, have thermal
expansion, resist tensile and shear forces, and are viscous. The last or internal
friction is the property of fluid bodies to resist the movement of one part of them
relative to another.

In turn, real liquids, depending on the nature of the change in viscosity with a
change in the magnitude of the shear stress, are subdivided into Newtonian and
non-Newtonian [1, 2, 3]. For Newtonian fluids, the viscosity is constant at
constant temperature and pressure. They obey Newton's basic law of internal
friction [1]:

dg
Tz'HWZM/ (1)

where 1 - is the stress of internal friction Pa:
u - dynamic viscosity. Pa-s:

9 - shear (flow) rate of liquid, m/s;

y - coordinate on an axis perpendicular to the direction of flow

(shift), m;

yzz—f - speed gradient, s.

The quantity ¢ = 1/u is called the fluidity of the liquid under study. The minus
sign in equation (1) is explained by the fact that the normal is directed in the
direction of decreasing the speed of movement.

Non-Newtonian or abnormal, are called liquids (for example oil) that do not
obey Newton's fundamental law of internal friction [1]. The structure of non-
Newtonian fluids is determined by the nature of the interaction of their particles.
When these fluids deviate from equilibrium, the structure of such fluids is
disturbed, and their properties depend on the applied forces and the rate of
deformation. The laws of deformation and motion of non-Newtonian fluids
constitute the subject and tasks of science, which is called rheology. Usually, the
rheological properties of non-Newtonian fluids are determined experimentally.
The main characteristic of non-Newtonian fluids are the so-called flow curves or
rheological curves (diagrams), depicting a graphical relationship between the
gradient of the fluid flow rate y and the shear stress or shear stress t arising in it.
The flow curves can be constructed based on the processing of data obtained as
a result of special studies. Rotational viscometers are usually used for these
purposes. There are various methods for conducting such research. But they all
have much in common and are as follows: one of the cylinders of the viscometer
IS set in rotation and causes (due to viscosity) a relative movement (shear) of a



viscous fluid located in an annular intercylindrical space. As a result, on the
surface of both cylinders, as well as in the liquid (between its individual layers),
shear stresses arise, leading to the appearance of a torque received by the second
cylinder.

The flow curves of pseudoplastic and dilatant fluids are well described by the
following power dependence:

T=K*y" (2)

where k and n are constants;

k - is a measure of the consistency of the liquid (the higher the viscosity, the
greater the value of k);

n - characteristic of the degree of non-Newtonian behavior of the fluid.

The more the value of n differs from unity (Newtonian fluid), the more its
non-Newtonian properties are manifested; for pseudoplastic fluid n <1, for
dilatant fluid n <1.

To characterize the rheological properties of non-Newtonian fluids, the
concept of effective apparent viscosity is often introduced [4, 5]. This is a
certain conditional characteristic used when performing calculations using the
usual formulas for the hydraulics of Newtonian fluids. It is not a constant value
even for a given liquid. Its values depend on the velocity gradient vy, shear stress
T and are determined on rheograms by the slope angles B of the straight lines
connecting the origin of coordinates with the points of the flow curve [5]:

W, =ctg p=1 (3)
Ve

For pseudoplastic fluids, the effective viscosity u decreases with increasing t
or y. These liquids seem to expand as they flow. In dilatant fluids, on the other
hand, fluids thicken during flow. In this case, the viscosity values are
determined here only by the instantaneous shear state.

Analysis of the rheological properties of high-viscosity oils shows that they
should be classified as non-Newtonian fluids, which have specific features
during transportation through pipelines. First of all, this must be taken into
account when developing and operating in-process technological schemes for
the transportation of high-viscosity oils [6].

When developing schemes for the in-house transportation of oil through
pipelines, it becomes necessary to study its regularities, linking the
characteristics of the process of fluid flow [7, 8, 9, 10].

It is known that when an ideal fluid flows through a pipeline, the process
parameters are related by the following relationship:

V=A4t (4)

where V - is the volume of the leaked liquid, m?;

t - is the time during which a given volume of liquid flows, s:

A - is the cross-flow area of the pipe, m?;

9 - fluid flow rate, m/s (for viscous fluid media - average velocity);



The rheological properties of oil primarily depend on its chemical
composition and are different for different fields. Therefore, when developing
new oil fields, it becomes necessary to study its rheological properties in order
to provide the initial data for calculating pipelines using the formulas of applied
hydromechanics.

In this case, it is convenient to use the models developed for each type of oil,
which can be used to compile a program for calculating the hydrodynamic
parameters of oil on a computer for determining the average speed, flow rate,
plasticity coefficient of oil, drag coefficient, pressure drop in the pipeline, and
others. All these data will help to establish the regularities of the process of
transporting viscous oil through pipes of various cross-sections with minimal
energy Ccosts.
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