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Studies of the effects caused by redistribution of energy under merge and/or splitting of premixed and 
pure viscous flows in branch connections and pipe joints of branched pipeline systems are important for fuel and 
energy sector. The design of high-reliability connectors needs in thorough analysis of regularities of hydrodynamics and 
of heat-and-mass transfer either within phases or on the boundaries of fluids interaction. Reduction in expenditure of 
energy on friction caused by the flow of rheological complex viscous mixture and its interaction with pipe wall leads to 
control of flow patterns, organization of specific flow conditions (e.g. peripheral input of low viscous flow as a 
lubricant), which increases product delivery to customers. We need to notice [1,2,3] that during the transportation of 
heavy hydrocarbon mixtures (e.g. high-viscosity petroleum and oil) in pipeline systems considerable saving of power can 
be reached due to usage of water, that this mixture contains as a lubricant, in case of divided peripheral feed at the input. 
In such conditions spatial processes of momentum transfer, heat transfer and mass transfer can be predicted due to 
involvement usage of multiparametric models and effective numerical methods. 

Bibliographic analysis shows [4, 5] that dynamics of the structures of interacting phases in the pipeline is 
characterized by variety of flow patterns and flow conditions. Water-oil flows are frequently unstable even on the 
sections of constant cross-section and are complicated by structural transfers because of nonlinear unsteady and 
convective-diffusion interactions within the phases. It is known that in flows of mixtures the formations of spatial phase 
patterns are possible. They are characteristic for annular, dispersed, stratified, annular dispersed and intermittent flows.  

Annular flow is the subject of interest during the transportation of heavy hydrocarbon mixtures. Therefore, 
processes and mechanisms of regrouping of low-viscosity structure in two-phase flow to peripherical area of pipe wall 
with higher shear stress are investigated numerically. 

Mathematical modeling of flow profile with immiscible phases are viewed in terms of dynamic system 
equations of two-phase flow taking into account the effects of interphase interaction [4]. The method is based on 
fractional function C that determines volume fractions of the phase in final volume. According to this method the motion 
of phases is described by one and the same hydrodynamic equation while the values of density and viscosity suffer a 
break at the surface of a section. The system of determining equation for description of hydrodynamics in steady and 
unsteady motion of two-phase medium is supplemented with boundary conditions (initial and boundary) for different 
types of flows and boundary conditions at the surface of phase. The algorithm presupposes C function evaluation timing 
each step, with given phase interface at the initial time. Numerical integration of finite-difference equations is carried out 
on non-uniform meshes using the algorithm SIMPLE [6]. 

The prediction algorithm conformity of hydrodynamic and diffusion processes in the motion of drop two-phase 
media in channels were estimated by means of comparison of changes of local and integral parameters with solutions and 
experimental data made by other authors [5,7]. The experiment shows that this method allows to predict how the changes 
of physical characteristics of dynamic structure of the mixture entering the pipe in conditions of unstable phase motions 
influence on flows and mass transfer in wide range of changes of key parameters (Re=50-4000, L/D  =700).  

Research data of flow local properties. 
The data represented on the figures 1-3 describe the results of investigation of dispersed flow and changes of its 

structure. There are the images of changes of the structure of turbulent flow in dispersed and annular dispersed flows on 
the figures 1, 2.  
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Fig. 1. Annular dispersed flow. D=5,6mm. Umix=2.1 m/s, でw=0.3 

 
 
 
 
 
 
 

Fig. 2. Dispersed flow. D=5,6mm. Umix=1.94 m/s, でw=0.1 
 

Results of verification of model and method of analysis are presented on figure 3. Here qualitative and 
quantitative potential of the method to predict hydrodynamic process and evolution of the flow structure can be regarded. 
Measurements (fig.3, b) correspond to the data of A.Wegmann, P. R. Rohr[5].  

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Electronic archive of Tomsk Polytechnic University

https://core.ac.uk/display/430388996?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 
 
574

 

 

ぢづだゐずぎぜぼ ゎぎだずだゎごご ご だでゑだぎぞごé ぞぎがづ 

 

 
a) 

 
 
 
 
 
 
 

b) 
Fig. 3. Piston flow. D=5,6mm. Umix=1.94 m/s, でw=0.8. 

í)-model visualization, ß)- experiment. 
 

We can find more information about the influence of velocity field and mass on the flow from the analysis of 
flow pattern map represented on the figure 4. This information also corresponds to the experimental data [5]. 
 

 
Fig. 4 Flow pattern map 

 
The experiments were made on the plant of Swiss technological university [5]. The principle scheme of the 

plant is represented in the figure 5. 

 
Fig. 5. The scheme of experimental plant. 

 
 
Integral parameters and their regularities 
This paper was aimed at thorough investigation of basic regularities of changes of integral parameters of the 

flow and mass exchange in dispersed oil-water systems. On the figure 6 there are represented the data of distribution of 



 
 

575
 

でぎとぴごé 19. ぜだがぎずごづだゑんぞごぎ ぢづだぴぎででだゑ ぢづご どづんぞでぢだづどごづだゑとぎ 
ぞぎぱどご ご ゎんげん. 

wall friction over the pipeline and reduction of wall friction relative to high-viscosity core due to formation of water ring. 
The local hydrodynamic parameters are represented also for mixture complex flow. The data describe the behavior of 
friction factor at the condition of steady turbulent flow (D=5,6mm. Umix=2.1 m/s, でw=0.3). It is obvious that in the 
process of flow motion in the proximal part of the pipeline (x=50 mm) the stable convective and diffusion interactions are 
formed. They are formed in the processes of momentum transfer and mass transfer which can be predicted by 
implementation of applied research of friction based on the correlation (な -x) in the zone x>= 0,05 m. 

 
Fig. 6. Distribution of wall friction over the pipeline (D=5,6mm). 

Umix=2.1 m/s, でw=0.3). 
 

Thus, the research helps to predict how the changes of physical characteristics of dynamic structure of the 
mixture entering the pipe in conditions of unstable phase motions influence on flows and mass exchange. The 
mechanisms of flow influence on the phase interface are pointed. The generalization of the evaluation of flows of oil-
water mixtures are represented as criterion connections for friction factor in wide range of changes of key parameters of 
phase motions. The reliability of the evaluations was compared with actual data of similar flows made by other authors 
[5]. The future research is to review flow regimes depending on the structure of the flow at the inlet. 
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ぞíÜôÖ▲úΝëÜ¡ÜçÜÑóöñ¿áΝäëÜâñïïÜëΝぢέゑέΝゐÜë¡ÜçΝ 

ぞíîóÜÖí¿áÖ▲ú óïï¿ñÑÜçíöñ¿áï¡óú どÜ½ï¡óú äÜ¿óöñêÖóôñï¡óú ÜÖóçñëïóöñö, Ç. どÜ½ï¡, づÜïïó　 

ゑ ÖíïöÜ　àññ çëñ½　 öëÜßÜäëÜçÜÑÖ▲ú öëíÖïäÜëö ó½ññö ½ÖÜ¢ñïöçÜ äëÜß¿ñ½, ïç　£íÖÖ▲ê ï äëÜ½▲ü¿ñÖÖÜú 
ßñ£ÜäíïÖÜïöá0, ÜïÖÜçÖí　 ó£ ¡ÜöÜë▲ê ÇñÜÑóÖí½óôñï¡í　 ßñ£ÜäíïÖÜïöá, ïÜïöÜ　àí　 ó£ ½ÖÜÇóê âí¡öÜëÜç, 
äëÜíÖí¿ó£óëÜçíöá ¡ÜöÜë▲ñ ÖñÜßêÜÑó½Ü Ñ¿　 ÜïöëíÖñÖó　 äÜç▲üñÖÖÜÇÜ ëí£çóöó　 ÑñâÜë½íîóú. で¿Ü¢Öñúüñú 
öñêÖóôñï¡ó½ çÜäëÜïÜ½  　ç¿　ñöï　 ïöëÜóöñ¿áïöçÜ ó Üßï¿Ü¢óçíÖóñ äÜÑ£ñ½Ö▲ê ÖñâöñäëÜçÜÑÜç. ÄöÜ äëÜóïêÜÑóö ó£-
£í öÜÇÜ ôöÜ ïó¿áÖÜ £íöëÜÑÖñÖ ¡ÜÖöëÜ¿á öñ¡ÜàñÇÜ ïÜïöÜ　Öó　, £Öíôóöñ¿áÖÜ ïÖó¢ñÖí çÜ£½Ü¢ÖÜïöá ß▲ïöëÜÇÜ 
½ÜÖóöÜëóÖÇí ó ¿ó¡çóÑíîóó äÜë▲çÜç ç öëÜßñ.  

ゑ づÜïïóúï¡Üú ぱñÑñëíîóó äëó½ñëÖÜ β0% £ñ½ñ¿á äÜÑçñëÇí0öï　 ôíïö▲½ £ñ½¿ñöë　ïñÖó　½ äÜ ü¡í¿ñ 
づóêöñëí ßÜ¿ññ 7 ßí¿¿Üç, ßÜ¿ññ η% £ñ½ñ¿á - 8-λ ßí¿¿Üç. と ~öó½ ëíúÜÖí½ ÜöÖÜï　ö でñçñëÖ▲ú とíç¡í£, ぢëóßíú¡í¿áñ, 
é¡Üöó0, でíêí¿óÖ, とí½ôíö¡Ü ó とÜëó¿áï¡óñ ÜïöëÜçí.Д1Ж 

ぜñöÜÑ äÜÑ£ñ½ÖÜú äëÜ¡¿íÑ¡ó ó½ññö  ÑÜïöíöÜôÖÜ ½ÖÜÇÜ ÖñÑÜïöíö¡Üç, ÜÑÖí¡Ü ÜÖ  çï、 ¢ñ ó½ññö ½ñïöÜ ß▲öá 
ç ÖñâöñÇí£ÜçÜú äëÜ½▲ü¿ñÖÖÜïöó.  どí¡ ¢ñ ëí£ëíßíö▲çí0öï　 ëí£¿óôÖ▲ñ ëñüñÖó　 öñêÖÜ¿ÜÇóôñï¡óê äëÜß¿ñ½, 
ïÜàñïöçÜ0àóê ç ÑíÖÖÜ½ ½ñöÜÑñ äëÜ¡¿íÑ¡ó. ゑÜ çëñ½　 ïöëÜóöñ¿áïöçí öëÜßÜäëÜçÜÑÜç äÜ ïêñ½ñ äëÜñ¡öí でíêí¿óÖ II/ 
ぱí£í II ÖÜçüñïöçÜ½ ïöí¿Ü ïÜ£ÑíÖóñ «ïäñîóí¿áÖ▲ê öëíÖüñú», ÑÜ¡öëóÖí ¡ÜöÜë▲ê ÜïÖÜç▲çíñöï　 Öí äÜ¿Ü¢ñÖóó Ü 
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y = -8,332ln(x) + 16,054 

RΖ = 0,4047 
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