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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 pipéine 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. periphera 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 agorithm presupposes C function evaluation timing
each step, with given phase interface at the initial time. Numerical integration of finite-difference equationsis carried out
on non-uniform meshes using the algorithm SIMPLE [6].

The prediction agorithm 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
thefigures 1, 2.
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Qil Fig. 1. Annular dispersed flow. D=5,6mm. U;,=2.1 m/s, C,,=0.3
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Fig. 2. Dispersed flow. D=5,6mm. U,;,=1.94 m/s, C,,=0.1

Results of verification of model and method of anaysis are presented on figure 3. Here quditative 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].
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Fig. 3. Piston flow. D=5,6mm. U;,=1.94 m/s, C,,=0.8.
a)-model visualization, 6)- 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].
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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.
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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
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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. U.;,=2.1 nVs, C,=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 o/f applied research of friction based on the correlation (¢ -x) in the zone x>= 0,05 m.
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Fig. 6. Distribution of wall friction over the pipeline (D=5,6mm).
Unix=2.1 m/s, C,,=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 generaization 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 isto review flow regimes depending on the structure of the flow at the inlet.

References
1. Keil OM. 1968. US Patent 3,378,047 (1968)
2. Neiman et al. 1999. US Patent 5,988,198 (1998)
3. Ooms G., Poesio P. Stationary core-annular flow through a horizontal pipe: Physics Review. (2003) Ser. E 68, 066301.
4. R.. Nigmatulin: Dynamics of Multiphase Media, Part 1, (1987) Nauka
5. Philipp Rudolf von Rohr,Adrian Wegmann. Two phase liquid—-liquid flows in pipes of small diameters: International
Journal of Multiphase Flow. Vol. 32, (2006) 1017-1028
6. S.V. Patankar: Numerical Heat Transfer and Fluid Flow, (1980) CRC Press
7. Brauner N.C. The prediction of dispersed flows boundaries in liquid—liquid and gas-liquid systems: International

Journal of Multiphase Flow. Vol. 27, (2001), p. 886-910.

AHAIU3 PABOTbl HE®TEMNPOBOAOB B CENCMUYECKU AKTUBHbLIX PETMOHAX
A.M. MaikoBa, K.A. OzgoeB

HayuHbin pykoBoguTens npodeccop IM.B. bBypkos
HayuoHanbHbIl uccnedoeamennckuli ToMckuli nonumexHu4veckuli yHueepcumem, 2. Tomck, Poccusi

B Hacrosiee BpeMsi TpyOONIPOBOAHBIH TPAHCIIOPT UMEET MHOXKECTBO MPOOIJIEM, CBSI3aHHBIX C IPOMBIIUICHHOI
0€30MacCHOCTbIO, OCHOBHAS M3 KOTOPBIX T€OJMHAMMYECKass OE30IacHOCTb, COCTOAIlAs M3 MHOTMX (DaKTOpOB,
NPOAHATU3UPOBATh KOTOpble HEOOXOAMMO IS YCTPAHEHUsS MHOBBILIEHHOrO pasBuTHs nedopmarmit. CroxHeiiuei
TEXHUYECKHM BOIIPOCOM SIBIISIETCS CTPOUTENILCTBO M 00CITy)KUBAHHUE TTOJ3EMHBIX HE(QTENPOBOAOB. DTO MPOUCXOIUT H3-
3a TOTO 4YTO CHJIBHO 3aTPYIHEH KOHTPOJb TEKYIIETO COCTOSHUS, 3HAYUTENBHO CHIDKEHA BO3MOXKHOCTB OBICTPOTO
MOHHTOPHHTA U JIMKBUJIAIINH TIOPHIBOB B TPyOe.

B Poccwuiickoit @enepanmu npumepro 20% 3eMenb MOJBEPraroTCS YacTHIM 3EMIICTPSICEHHSM II0 IIKale
Puxtepa Gonee 7 6amnos, 6onee 5% 3emens - 8-9 6amnos. K atuMm paiionam otHocat CesepHslit KaBkas, IIpubaiikanse,
Sxyrtuto, Caxanun, Kamuarky u Kypunbsckue octposa.[1]

Mero/ noA3eMHOM NPOKIAAKN UMEET JOCTaTOYHO MHOTO HEJOCTATKOB, OJTHAKO OH BCE JK€ UMEET MECTO ObITh
B He()Tera3oBOil NPOMBIIUIEHHOCTH. Tak ke pa3pabaThiBalOTCA Pa3iIMYHbIE PEIICHUS TEXHOJOTHMYECKUX IpoOieM,
CYLIECTBYIOLIMX B JaHHOM METOJIe IPOKJIaku. Bo Bpems crpoutesbcTBa TpyOonpoBoaoB o cxeme npoekra Caxanus 11/
®aza Il HOBIIECTBOM CTaNo CO3/IaHUE «CHENUATbHBIX TPaHIIEH», TOKTPHHA KOTOPEIX OCHOBBIBAETCS HA ITOJIOXKEHHU O



