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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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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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. 

∑ , 
 

where kin –	amount of inflowing liquids; kout – amount of outflowing liquids; qk – impulse of active forces; 
pk – 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]: 
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active external load (impulse) c(w) =  – heat capacity per unit volume; k – coefficient of thermal 
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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. 
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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 

222
2

2
4

2

2









xxom

dx

Wd
x

dx

d
.                                                    (16) 

A particular solution of which is 

a
x

a
x

a
xW

22

24

1
)( 2* 


 .                                                     (17) 

Then, on the basis of formulas (10) – (15), we have: 

Case А). 

 
a

x
a

x
a

xCxCxCxCxxW mmmm 22

24

1
)( 2

4321
2

1
4321 





,                     (18) 

where 
k

c

D

q
aama k 2

2,1 ;1
4

5
,10  . 



N E W S of the Academy of Sciences of the Republic of Kazakhstan 
  

   
210  

The general solution of the differential equation (6) we write in the form 
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where 
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On an interval [a,b], on which 0)( x and twice continuously differentiable. 

Fundamental solution 
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In the case of transverse vibrations of the tubular structure, the following right conditions are 
encountered: 
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stringently 
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free boundary conditions. 

Possible mixed boundary conditions. 

We introduce the notations  
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Then, in the accepted notation for the Green function of various boundary value problems, we have: 

I)        })()()()()()({
)(4

1
),(

21
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 xxxxgГ ,                  (35) 

where .02    

II)
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)44(2[)()2(),(44 1
,

xxx

xgГ







                        
(35) 

for .10;1,0  tba  

III)  ,Г does not exist. In these cases, it is possible to construct generalized Green's functions, 
since the boundary value problems have a nonzero solution xcc 21  . 
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IV)
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(36) 

where .0)2(4 2   bbN  

V)       )()()]([)(),(44 1
, xxxxgГ   .                       (37) 

VI)  ,Г does not exist, since it has a nonzero solution. We can construct a generalized Green's 
function )( xc .  

Graphs 1–3 show the flow of the oil mixture with different viscosities when changing the shear 
modulus )(T , the Poisson's ratio )(T and the linear expansion coefficient )(T for the elastic-viscous 
region according to figures 1, 2. 

 

 
Figure 1 – Dependence of the shear modulus,  

the Poisson’s ratios and the linear expansion on temperature

 
Figure 2 –  

The temperature distribution over pipe thickness
 

 

 
 

Graph 1 – The flow of oil mixture of different viscosities  

with decreasing temperature from 80 C to 60 C, when
 4

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

 

 
 

Graph 3 – The flow of oil mixture of different viscosities  
with decreasing temperature from 29 C to 23 C, when a = 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 30C 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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ƏР ТҮРЛІ ТҰТҚЫРЛЫҚТАҒЫ МҰНАЙ ҚОСПАЛАРЫНЫҢ АҒЫНЫН ЕСЕПТЕУ 

 
Жұмыста I–III-типтегі жүктемелердің жіктелуінің əсерінен өндірілетін температураның төмендеуімен əр 

түрлі тұтқырлықтағы мұнай қоспаларының ағынын есептеу қарастырылған. Əр түрлі тұтқырлықтағы мұнай 
қоспасының көлемін ағынды тұзсыздандыру жəне қоспаларды бөлу арқылы азайтуға болады. 
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Аннотация. В работе рассматривается расчет течения нефтяной смеси разной вязкости при уменьшении 
температуры, производимые под действием классификации нагрузок с I–III-видов. Течения объема нефтяной 
смеси разной вязкости можно максимально снизить путем опреснения и разделения примеси. 
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