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Abstract. The paper discusses the calculation of the flow of oil mixture of different viscosity with decreasing
temperature, produced under the action of the classification of loads with I-III types. Flows of the volume of oil
mixture of different viscosity can be reduced as much as possible by desalination and separation of impurities.
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Introduction. The study of the prospects of development of the oil refining industry on the example
of the Western Kazakhstan oil features allows to determine one of the urgent problems of refining — a high
percentage of paraffin-containing and high-sulfur oils. The presence of such impurities indicates a large
percentage of high-viscosity oils, which in turn poses the task of analyzing the flow of oil through the
pipeline, taking into account the increased viscosity of the medium. The purpose of the study: develop-
ment of the most effective analysis of the model of pumping oil mixtures of different viscosity through a
single pipeline in an unsteady thermal field, which allows the refining process to be facilitated with the
most economical energy consumption.The considered model allows, in order to be economical and to
benefit the region’s ecology, to use certain conditions where it is advisable to pump any oil of different
viscosity through a single pipeline in order to minimize the volume of the mixture depending on the flow
regime of each of them under assumptions.

Methods. For analysis purposes, the following methodological assumptions are introduced:

- Mixing at the interface of pumped liquids is negligible, although the number of collisions between
clements in the allocated volume is large, compared with the number of collisions of elements with a
limiting surface volume, depending on the energy desiccation, flow velocity, distance from solid walls, the
geometric shape of the filler cross section, the velocity of the free jet placed in the flow with a longitudinal
direction.

- The pressure at the end section of the pipeline remains constant throughout the change of liquids,
heavy liquid flows out along the lower tinder forming, the light rises along the upper forming at an
unsteady temperature effect in the pipeline system.

- The splitting of the flow velocity allows to obtain a correct viscous solution in one main passage in
the direction of flow, where the viscous friction stress is due to the molecular momentum transfer, and the
viscosity coefficient of the mechanical system depends on the friction stress itself.

- There are some laminar sublayers between movements in the boundary layer and in the pipe, as a
result of which the methods of warm and hydraulic pressure of the oil mixture and the transfer
phenomenon make it possible to find the limiting amount of heat and mass according to the Euler integral
theorem.

kin — kout = Z(qk + pk):

where £;, — amount of inflowing liquids; £,,; — amount of outflowing liquids; g, — impulse of active forces;
pr— impulse of reactive forces.
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Results. Under the above assumptions of the flow of petroleum liquids of different viscosities
through a single pipeline under unsteady temperature field 80 °C > T > 30 °C can be represented as a
mechanical-physical-mathematical model [1-3]:

ao ",

where €(x) is the coefficient of liquid of the cross-sectional area of the tubular structure, depending on the
temperature; £ — coefficient of thermal conductivity,

g i) O

active external load (impulse) c(w) = £ — heat capacity per unit volume; £ — coefficient of thermal
conductivity; ¢ — heat capacity; p — density. W(x,r) — displacement function in OZ axis direction and
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The ordinary differential equation (6) is casily solved, the expression of potential, kinetic energy is
written and the Lagrange equation is involved, and the ordinary differential equation (5) is the Euler
equation.
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In particular:
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Then

4 3 5
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The following cases are possible:

cp
k)

A) for 0 <a < 1, for example a :i,then (a= %fﬁ
W(x) :x%(Clx’”1 +Cx™ +Cyx™ +C4x’”4), (10)
where
m, =3, +1-a. (11)
B) for a = 1, then
W(x)=x 2" (C,+C, Inx)+x 2" (C, +C, Inx). (12)

where

my, =t 1445 (13)
O)fora> 1. forexample a =5, 1<x<4 f= 1 [ 1 (89-5) = 1 [1(./89+5)
W(x)=x 2[(Cx + o eos(Blnx) + (Cox® +Cox ). (14)
where o = ﬁcos(%),,b’ = ﬁsin(%),r =a +196;
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r 4r
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Since we have considered the tubular structure under the action of an external active force, it is
necessary to further consider the nonhomogeneous equation of the form

d’ d’
dx{x“ dxpz/}rom:xz—ZerZ. (16)
A particular solution of which is
Wi(x)= ! xz—ngrg. (17)
a+24 a a

Then, on the basis of formulas (10) — (15), we have:
Case A).

W(x)= x%(Clx'”1 +Cx™ +Cyx™ +C4x'”4)+ x —2x+—, (18)

5
where O<a<l,m, ==+ l—a;a:q—kﬂzﬁ%.
T4 D k
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The general solution of the differential equation (6) we write in the form
T(t)=Te ™,
where 7(0)=T7;.

Consequently:

W(x)= To{x%(Clx'”1 +C,x™ +Cox™ +C4xm“)+ Lo 22
a+24 a a

Case B)

W(x):x%ml(Cl+C21nx)+x7%+m2(C3+C41nx)+ L e 2,42

where a =1,m, , = i;ﬁ

The general solution of the differential equation (6) we will write in the form:
T(t)=Te ™

then

2
X' ——x+—
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Case C) similarly:

W(x) =T, (x 2 [Cx +Cox ) cos(Blnx) +(Cox® +Cpx @ )sin(Bln )]+
1.2 2

where o = ﬁcos(%),,b’ = J;sin(%);r2 =a+
~a—1
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SiIng =———,C0S& =—.
r 4r

Static deflection is determined from natural oscillations

d> dW}

{8(36)
A particular solution of which is
rx—t
W(x)=c +c,x+ Ix—(c3 +e,t)dt,
2 €(0)

or
W(x)=c, +e,x+cy0(x) +c,0(x),
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where

W(x)= j Jd P(x) = j = (Z) (28)
On an interval [a,b], on which &(x) # Oand twice continuously differentiable
Fundamental solution
tr—dle -1
& (x&)= j PR
o=l -0
8,(x,8)= . (29)
¢ |I 28 (f)

In the case of transverse vibrations of the tubular structure, the following right conditions are

encountered:
d
A) W(X) x=0 = O’ 7W &=0 = O’ (30)
X= dx x=L
stringently
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B) W) ,, =0 VZV 5 =0 (3D
_ dx” | |
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free boundary conditions.
Possible mixed boundary conditions.
We introduce the notations
b 2
dt dr tdt
Dya={"" j j (33)
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Then, in the accepted notation for the Green function of various boundary value problems, we have
1
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fora=0b=10<r<1.
does not exist. In these cases, it is possible to construct generalized Green's functions

1) .
since the boundary value problems have a nonzero solution ¢, + ¢, X
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IV) NI = Ng,(x,&) +(x=D)(£ = b)2y = B*) + (¥ = bB)p(x) + (bax — B)p(x)] -
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VI) I'™™ — does not exist, since it has a nonzero solution. We can construct a generalized Green's
function ¢(x — ).

(36)

Graphs 1-3 show the flow of the oil mixture with different viscosities when changing the shear
modulus £(7"), the Poisson's ratiov(7") and the linear expansion coefficient x(7") for the elastic-viscous
region according to figures 1, 2.
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Figure 1 — Dependence of the shear modulus, Figure 2 —
the Poisson’s ratios and the linear expansion on temperature The temperature distribution over pipe thickness

Figure 1

Graph 1 — The flow of oil mixture of different viscosities

3
with decreasing temperature from 80 °C to 60 °C, when a = 1
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Graph 2 — The flow of oil mixture of different viscosities
with decreasing temperature from 60 °C to 30°C, whena =1

Graph 3 — The flow of oil mixture of different viscosities
with decreasing temperature from 29 °C to 23 °C, whena = 5

Conclusion. As a result of the study, the following calculations have been analyzed and obtained:

— The calculation of the flow of the oil mixture of different viscosities with a decrease in temperature
from 80 °C to 60 °C is performed under the classification of loads of 1-type

— The calculation of the flow of the oil mixture of different viscosities with a decrease in temperature
from 60 °C to 30°C is performed under the classification of loads of 2-type

— The calculation of the flow of the oil mixture of different viscosities with a decrease in temperature
from 29 °C to 23 °C is performed under the classification of loads of 3-type.

The dependencies have been determined, i.e. depending on the flow regime, the volume of the oil
mixture of different viscosities can be reduced as much as possible by desalination and separation of
impurities, heavy sediments and stratification, under the influence of combined power factors on the type
of classification of loads of the 1st —III types. In this case, depending on the power factors, the original
equation is reduced to an equation of the Riccati and Weber type, and in some cases to the Bessel and
Euler equations.
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OP TYPII TYTKBIPTBIKTAFbI MYHA KOCHAJIAPBIHBIH AFBIHBIH ECEIITEY

AKywmsicra [-I1I-TurmTeri skyKTeMEIEpAiH KIKTEIY1HIH dCEPIHCH OHAIPIICTIH TEMIIEPATy PAHBIH TOMCHACYIMCH op
TYPJ TYTKBIPIBIKTAFBI MYHAH KOCHAJAPBIHBIH AFBIHBIH CCENTECY KAPACTHIPBUIFAH. OP TYPJl TYTKBIPIBIKTAFbl MYHAH
KOCIIACHIHBIH KOJICMIH aFbIHbI TY3ChI3IAHABIPY JKOHE KOCHaIapAbl 06y apKbLIbI a3aiTyra 00Iaabl.
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PACYET TEYEHHMA HE®TAHOMW CMECH PA3HOM BA3KOCTH
P YMEHBIIEHUHU TEMIIEPATYPbI

Annoramus. B padore paccMarpuBaeTcs pacdeT TeUeHHS HE()TSHOH CMECH Pa3HOH BA3KOCTH NMPH YMCHBIICHAUH
TEMIIEPaTyPbl, MPOU3BOAMMBIC IO/ AeHCTBHEM KiIaccH(ukamu HArpy3ok ¢ I-11I-Bunos. Teuenmsa odObemMa HEQTIHOH
CMECH PA3HOH BA3KOCTH MOYKHO MAKCHMAJIBHO CHU3UTH IyTEM ONMPECHEHUS H PA3ACICHIA TPUMECH.
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