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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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Waldemar Wojcik‘, Zh. M. Alimzhanovaz, T.T. Velyamovz, A. M. Akhmetova®

'The Lublin University of Technology, Poland,
*Al-Farabi Kazakh National University, Almaty, Kazakhstan

ABOUT ONE MODEL OF PUMPING OIL MIXTURE
OF DIFFERENT VISCOSITIES THROUGH A SINGLE PIPELINE
IN AN UNSTEADY THERMAL FIELD

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.

Keywords: viscous oil, pumped liquid, pipeline, flow rate, differential equation, flow calculation.

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
elements 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)a

where k;, — amount of inflowing liquids; k,,, — amount of outflowing liquids; ¢, — 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]:

P / 2 % ow
} b Lem M)

o

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

z
"o vl Vo

active external load (impulse) c(w) = £ — heat capacity per unit volume; k& — coefficient of thermal
conductivity; ¢ — heat capacity; p— density. W(x,f) — displacement function in OZ axis direction and

W(x,t)=W(x)T(2), 2)
then
2
a { } T =1L o )
where
%]
ox* 1dT
4 cp L g ?E, 4)
D k
d’ 24, Cp
29 P s -
{ } Dk PV (x); )
2
d—T+/12T:0,d 2T+C05T=2
“ ©)

) nﬂh
0= I 4 (oW (), 2 ===

The ordinary differential equation (6) is easily 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.

d‘w N A4 . dW
e(x +2¢ (x ¢ (x +aW =0, 7
[()dx4 ()a’x3 dxz} M

9r 2 5 CP
S Xp—.
k

where a =

In particular:

&(x)=Dx*. (8)
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Then

4 3 2
{ dW+8x3dW+12x2dW +aW =0. 9

X
dx’ dx’ dx’?

The following cases are possible:

3 i 12 o P
A) for 0 <a< 1, for example @ = —, then (a = "* 1"
) xamp 4 ( D B . )
_y m m m m
W(x)=x 2(C1x '+ Cx™ +Cx™ +Cyx “), (10)

where
m, =Y +1-a. (11)

B) for a =1, then
W(x)=x 2" (C, +C,Inx)+x 2™ (C, + C, Inx), (12)

where

m, :i%+ﬁ. (13)
C) fora>1, forexample a =5, I<x <4 f = % /%i«/89—5 i,a = % /%i«/89+5 )
W (x)=x 2[[Cox + Cox eos(BInx) + (Cox +Cox ™), (14)
9
h :ﬁ ¢ ) :\/5 in(¢ J r=a+—;
where o cos(é) p sm(é) r=a 16

a_l,cosg:i. (15)
r 4r

sing =

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'w
— x* > +om=x>-2x+2. (16)
dx dx
A particular solution of which is
. 1 2 2
W (x)= X' =Tx+ . (17)
a+24 a a

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

W(x) =x_%(C1xm‘ +C,x"™ +Cyx™ +C4x""‘)+ X —2x+—, (18)

%
A .
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The general solution of the differential equation (6) we write in the form
T()=T,e ™,
where 7(0)=T,.

Consequently:

W(x)=T, x_%(Clxm‘ +Cx™ + Cyx™ +C4xm4)+ I x? —zx+E e
a+24 a a

Case B)

W(x)=x 2" (C, +C,Inx)+ X (C,+C,Inx)+ L o 2,2

1
where a =1;m, , = iExE
The general solution of the differential equation (6) we will write in the form:
T()=T,e ™

then

W(x)= To{x%m (C1 +C,In x)+ x%mz (C3 +C, 1nx)+ ! x? —gx + 2}5‘2’

P = ”Zh T, ={123.45}.

Case C) similarly:

W(x) =T, x 2[00 + Cpx*)cos(BInx) +(Cox® + C,x~ Jsin(BInx)|+
1, 2 2
—s€

where o = ﬁcos(%),ﬂ = ﬁsin(%);r2 =a+ 196;
Ja-1 5
;COSE=—.

r 4r

sing =

Static deflection is determined from natural oscillations

j {g(x)d W}

A particular solution of which is

rx—t
W(x)=c, +c2)c+_"—(c3 +c,t)dt,
et

or
W(x)=c, +cyx+c;0(x) + c,0(x),

—210——
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where

A e
W(x)=|——dt, X)=|——dt. 28
”!m 50()!50) (28)
On an interval [a,b], on which &(x) # 0and twice continuously differentiable
Fundamental solution
tr—de-1
g (x.¢)= j o
(x—0)(r—-9¢)
gy = el =g) @9)
| ¢z 28(n
In the case of transverse vibrations of the tubular structure, the following right conditions are
encountered:
aw
A) W), =0; e | =0; (30)
x=L X =L
stringently
d*w
B) W(x),_, =0; lxe0 =0; 3D
_ dx” | _
d’w d’w
C) w0 =05 ——-1 =0 (32)
dx’ X:0 dx’ :E
free boundary conditions.
Possible mixed boundary conditions.
We introduce the notations
b b 2
dt l‘dl‘ t°dt
Dya=["" j ; (33)
2 €(0) 8(t) 2 €(0)

Then, in the accepted notation for the Green function of various boundary value problems, we have
1
e A ) P@[Bp() ~ 0]+ 9 fr(&) — ap(©)]. (35)

where ay — 8% # 0.
) art =4g,(x,)+7y+(B-21E - @)+ [ -2y +(a 4B +4y) +
+20() = p(&)]x = So(x) + (26 = D(x)

fora=0,b=10<¢r<1.
does not exist. In these cases, it is possible to construct generalized Green's functions

(35)

1) Jatua
since the boundary value problems have a nonzero solution ¢, +¢,x
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V) NI = Ng,(6,8) + (x = B)(E ~ )2y = B) + (r —bB)p(x) + (ba - B)p(x)] -
P& ==D)BB ~y) +b*p(&) = bp(E)]+ @(N)[(& —b)ba — B) +bp(&) - p(&)
where N = 4(b°a —2bf + a) # 0.
V) At =4g,(x,8) +y = S - (&) +ad — B+ e(E)]x + Ep(x) — o(x). (37)

11,110 . . . . .
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 «(7") for the elastic-viscous
region according to figures 1, 2.

1% | e

480 T
J
25
I
I

i . . T - ; T
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, when a =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.

Waldemar Wojcikl, K. M. Anum:kanosa®, T. T. Bexsimos?, A. M. AxmeToBa’

' T106/MH TeXHONOTHSsUTBIK yHHBepcHTeTi, [Tomblma,
*an-Dapabu atsiHarel Kaszak yiITTeK yHuBEpcuTeTi6 Anmatel, Kasakcran

OP TYPII TYTKBIPIBIKTAFbI MYHAM KOCITAJIAPBIHBIH, AFBIHBIH ECEINITEY
Kymricra [-III-TuamnTeri skyKTeMeIepaiH KIKTeIyiHiH dcepiHeH OHIIpIIeTIH TeMIIepaTypaHbIH TOMEHIEYIMEH op

TYPJIi TYTKBIPIBIKTaFbl MYHal KOCIAJIAPBIHBIH aFbIHBIH €CENTey KapacThIPhUIFaH. Op TYPJIi TYTKBIPJIBIKTAFbl MYHAH
KOCIIaChIHBIH KOJIEMIH aFbIHIbI TY3ChI3aHABIPY XKOHE KOcIanapabl 06y apKbUIbI a3aiTyra Oosasl.
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PACYET TEUEHUS HE®TIHOM CMECH PA3HOM BSI3KOCTH
TP YMEHBIIEHUHN TEMIIEPATYPBI

AnHoTanus. B pabote paccMarpuBaercs pacdeT Te€UCHUS HEPTIHOW CMECH Pa3HON BSI3KOCTH IPH YMEHBIICHUN
TEMIIEpaTypsbl, IPOU3BOAUMBIE TIOJI AeHCTBUEM Kilaccudukanuu Harpy3ok ¢ [-11I-BunoB. Teuenus oobema HeTsIHON
CMECH pa3HOH BSI3KOCTH MOXKHO MaKCHUMAJIbHO CHU3UTH ITyTE€M OIPECHEHHS U pa3JieseHHs IPUMECH.
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