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Abstract. One of the active methods of applying transport phenomena is the methods of
transport of two-phase «suspension-carrying» flow. For such flows, the viscosity depends both on the
shape of solid particles of the liquid medium and on their size. The presence of solid particles in
dispersed flows also characterizes the concept of hydraulic size, which affects the velocity profile.

Hydraulic size depends not only on the actual size of the particle, but also on its density, shape,
surface condition, and also on the properties of the medium in which the particle moves. Two
particles, regardless of their density, size, and other properties, are considered the same if, under
standard conditions, they fall in water with the same velocities. During group fall of particles, the
velocity of individual particles decreases and depends on the amount of looseness of the system
(layer) of particles and their size.

This paper considers the features of transport processes in two-phase channel flows. The
vertical component of the velocity of movement depending on the characteristics of the particles and
their shape, as well as the main parameters of the particle shape, was generalized. The obtained
formulas for effective viscosity are in quite satisfactory agreement with experimental data in the
corresponding ranges of volume concentration changes. The mathematical apparatus of the theory
of generalized functions can also be successfully used for rheological modeling of an arbitrary
heterogeneous medium.

Keywords: transport processes, hydraulic size, channel flows, particle characteristics, effective
VISCOSity.

Introduction.

One of the active methods of applying transport phenomena is the methods of
transporting two-phase “suspended” flows. As is known, two-phase flows include
dispersions of latexes and emulsions [1-4]. Latexes and emulsions are mostly non-
Newtonian fluids, therefore their behavior and rheological state can be described by

the corresponding equations of non-Newtonian fluids. Modeling of their behavior can
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be represented in accordance with the mechanical models of Rayner. Regarding
dispersed and «suspension-carrying» flow, the viscosity depends both on the shape of
solid particles of the liquid medium and on their size. For example, in two-phase flows,
liquid-solid particles, the shape of which is spherical, and the size does not exceed 10
[5].

The main text

The viscosity of the mixture can be determined by Einstein's formula. In the case
when solid particles have a shape other than a sphere (plate, prism, cube), the
coefficient is corrected (Table 1). The presence of solid particles in dispersed flows
also characterizes the concept of hydraulic size, which affects the velocity profile.
Hydraulic size depends not only on the actual size of the particle, but also on its density,
shape, surface condition, and also on the properties of the medium (usually water) in
which the particle moves. Two particles, regardless of their density, size, and other
properties, are considered identical if, under standard conditions, they fall in water with
the same velocities. When particles fall in groups, the velocity of individual particles
decreases and depends on the amount of looseness of the particle system (layer) and
their size.

The hydraulic particle size of suspended solids is determined by conducting
fractional or sedimentation analysis of the material and calculated according to the
dependence [6]
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where k£ — building volume utilization factor; #; — depth of the working part of the

(1

structure, m; o — a coefficient that takes into account the effect of water temperature on
its viscosity; ¢ — settling time, s, corresponding to the specified effect of water
purification from suspended solids and obtained under laboratory conditions in a water
layer 2 = 500 mM; n — an indicator that depends on the agglomeration of suspended
solids in the process of their deposition; = — vertical component of the speed of water

movement in the structure, mm/s.
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Table 1. shows the dependences for calculating the vertical component of the
velocity of movement depending on the characteristics of the particles and their shape.
Hydraulic size is used as one of the basic concepts in theories and working

hypotheses of gravitational processes of mineral enrichment.

Table 1 - Vertical component of velocity depending on particle characteristics

and their shape
No Formula Author Particle characteristics, shape
1 2gr (pT - p) Stokes theoretical | Laminar flow at Re < 1. For small
“= ou formula particles, e.g., for silt particles
2 2 Allen Turbulent flow. Large particles
25.8d3/(0 -1
oo S8R
u
3 w=kld(5-1 Retinger Resistance transition region. Medium-
(6-1) sized particles
4 ( oT - p) Ruby Universal method. If the flow regime
w=F,|dg around the particles is not known, then the
P Ruby formula can be applied

The hydraulic size of soil particles is the speed of uniform fall of a certain heavy
soil particle in a sufficiently large volume of water at rest. The speed depends on the
size, geometric shape and density of the particle, as well as on the temperature of the
water. The value of the speed is determined experimentally for various solid particles.
For ice particles and air bubbles, the hydraulic size is a negative value.

In most cases, especially when analyzing movement in channels, the law of
change of hydraulic size is described by a curve with a minimum in the upper part and
a maximum in the lower part. Accordingly, the velocity diagram is an asymmetric
curve, the maximum of which is located at points higher than the pipe axis. Therefore,
in most cases for dispersed medium, the velocity distribution pattern has the form
shown in Fig. 1.

For colloidal systems that move laminarly and have a dispersed phase in the form
of spherical particles that have no intermolecular interaction, viscosity is described by

Einstein's equation.
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The results of comparing the calculated values of 1 / s with the experimental ones
are shown in Fig. 2 [7]. The dots show the experimental values of u / u, for the
corresponding concentrations, and the solid lines 1, 2 and 3, 4 are the calculations

according to the corresponding formulas (2-5).

1=, (1+2,5¢), 2)
1+0,5¢

=y — 3
1+1,5¢

=y, —— 4

U= ,uf(l +3,SE). 5)

The dotted line shows the calculation using the polynomial

H = 5,2335¢° +10,886¢" +2,6343¢ +1,0336, (6)
K,

which approximates the experimental data and is obtained by the least squares method.

As we can see, the generalized formula (4) agrees quite well with the experimental
data for moderate concentrations. ¢ <0,3. The root mean square deviations from
polynomial (6) are: 0,1944 for experimental values and 0,011 for calculated curve 3.
With further increase in concentration, the calculated values of relative viscosity u / i
begin to deviate from the experimental ones. This is explained by the fact that at

¢ >0,3 solid particles already noticeably affect each other, which is not taken into

account by formula (4). Unlike (4), the simplified formula (5) is in quite satisfactory

agreement with the experimental data in the concentration range ¢ <0,05.

As for the classical formulas (2) and (3), according to the figure, they give
somewhat underestimated calculated values.

The rheological method of determining the shape of particles is that diluted
aggregate-stable disperse systems do not form structures and their rheological
properties are close to or similar to the properties of the dispersion medium. The
dependence of the viscosity of these systems on the concentration of the disperse phase

is linear and is described by the Einstein's equation. Table 2 shows the main parameters
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of the shape of particles.

Fig. 1. Character of velocity distribution in a dispersed flow

(c- concentration distribution)
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Fig. 2. Dependence of relative viscosity u# / ur on volume concentration c for

suspensions of spherical solid particles [7]:
(research data borrowed from the works: a — Happel J. and Brenner G.;
b — Thomas D.G.,; ¢ — Kobernik S.G. and Voitenko V.P.)
1 -5 - calculation using the appropriate formulas (2), (3), (4), (5), (6)
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Table 2 - Main parameters of particle shape [3]

Particle Particle shape
characteristics
Description of a Sphere Cube Prism Fiber Plate
geometric figure
o Ay m | e
a=1 a=1 a=1 a=1 a=1
Size ratio a:b-c b=1 b=1 b=1 b=1 b=10-25
=1 =1 c=1,5-4,0 c>10 ¢=10-25
Coefficient k 6 6 4 4 2
Syo=S./V=k/a
Viscosity 3,5 4 3-6 3-6 -5
coefficient a
=1, (1 +ag, )
Examples of Boron nitride, Calcinite, Silicon oxide, Asbestos, Kaolin, talc,
fillers silica gel feldspar barium oxide basalt, mica,
boron, graphite
carbon fibers

The dependences n=f(p¢) determine the value of the coefficient and draw a
conclusion about the shape of the particles (Fig. 3) [2, 4, 8].

"y . ,
Einstein's equation
n=ne(1+ag,)
tgf=a
Relationship Ld |1 |2 |4 |6 |10
Coefficient o |25(26]3.1]3.8]5.9

> Py

Fig. 3. Before determining the particle shape of Einstein's viscosity equation

For specific surface area, adsorption and kinetic methods are used. Adsorption
methods are based on determining the volume or mass of a substance adsorbed on the
surface and forming a monomolecular layer. Gases, liquids, and solids are used as
adsorbates. The most widespread are the gas adsorption method and the method of
adsorption of surfactants from solutions.

Kinetic methods are based on measuring the resistance to filtration of air or gases
through a layer of powder. Filtration is carried out at atmospheric pressure or under

vacuum.
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Conclusion and findings.

This paper considers the features of transport processes in two-phase channel
flows. The vertical component of the velocity of movement depending on the
characteristics of the particles and their shape, as well as the main parameters of the
particle shape, was generalized. The obtained formulas for the effective viscosity are
in quite satisfactory agreement with the experimental data in the corresponding ranges
of changes in the volume concentration. The mathematical apparatus of the theory of
generalized functions can also be successfully used for rheological modeling of an

arbitrary heterogeneous medium.

References:

1. Anderson Dale, Tannehill John C., Pletcher Richard H. (2016). Computational
Fluid Mechanics and Heat Transfer (Series in Computational and Physical Processes
in Mechanics and Thermal Sciences) 3th Edition. Taylor & Francis, 774p.

2. bamra T. M. MamHocTpouTeIbHAs THAPABIIMKA: CIIpaBOYHOE TTocodue. M.:
Mamunoctpoenue, 1971. 320 c.

3. Sxno O.M., Houniuenko I[.B., I'natie P.M., I'natis L.P. (2023). fBuma
nmepeHocy B eKoJjoriyHux cepenosumax. JIpBiB: BwumaBaunTo JIbBiBCHKOI

noimtexHiku, 2023. 316 c. https://vlp.com.ua/node/20797

4. bupxrod I'. M. 'mapoaunamuka. M.: Unoctp. nutep., 1963.244 c.

5. binenpkwuii B. C. (2004). Mana ripanua eanukionenis: y 3 1. J1.: lonbac, T. 1.
640 c.

6. Beek W. J., Muttzall K. M. K., Van Heuven J. W. (1999). Transport
Phenomena, 2nd Edition ed. by John Wiley & Sons, Inc. 344 p.
https://www.wiley.com/en-be/Transport+Phenomena%2C+2nd+Edition-p-
9780471999904

7. Kpins C.1. (2003). Jlo muTaHHS MpO PEOJIOTIYHE MOEIIOBAHHS CYCHEH31H.
IIpuknanna rigpomexanika. Tom 5 (77), Ne2. C. 20-26.
8. Strutinskiy V., Yakhno O., Machuga O., Hnativ I., Hnativ R. (2018). Analysis

of interaction between a configurable stone and a water flow. Eastern-European Journal

ISSN 2567-5273 173 www.moderntechino.de


https://vlp.com.ua/node/20797
https://www.wiley.com/en-be/Transport+Phenomena%2C+2nd+Edition-p-9780471999904
https://www.wiley.com/en-be/Transport+Phenomena%2C+2nd+Edition-p-9780471999904

Modern engineering and innovative technologies Issue 37 / Part 1 é
of Enterprise Technologies. Vol 6, No 10 (96): Ecology. P. 14-20.
https://doi.org/10.15587/1729-4061.2018.148077

Anomauia. OOHUM 3 aKMUBHUX MemOOi8 3ACMOCY8AHHS ABUU NEPEHOCY € MEMOOU NEPEHOC)
080 a3HUX «3ABUCTOHECYHUX)» NOMOKIE. [ OUCNePCHUX MA «3A6UCTIOHECYYUX» NOMOKI8 8 A3KICMb
3anexcums 5K 610 hopmu meepoux 4acmox piOUHHO20 cepedosuya, max i 8io iXHix po3mipis.

B’askicme cymiwi moocna eusnavamu 3a gopmynoro Etnwmenina. Hassnicms meepoux
YACMUHOK Y OUCNEPCHUX NOMOKAX XAPAKMEPUIYE MAKOHNC NOHAMMS 2i0PABNIYHOI KpYNHOCMI, AKa
enausae Ha npo@ins weuoxocmi. liopasniuna KpynHicms 3a1exicums He MilbKU 6i0 pPedalbHUx
PpOo3Mipie wacmurku, ane i 6i0 ii cycmunu, opmu, cmary NOBepxHi, @ MaxKodHic 8i0 81aCMuUBocmel
cepedoguwya (3a38udail — 600u), 8 AKill 8i00Y8AEMbCsL PYX YACMUHKU. [[81 HACMUHKU, HE3AeHCHO IO
ix eycmumnu, KpynHocmi i iHWUX 81ACMUBOCEL, 868AXHCAIOMb OOHAKOBUMU, AKULO 34 CIMAHOAPTNHUX
VMO8 60HU nA0ArmMv y 600i 3 OOHAKOBUMU WEUOKOCMAMU. 3a 2pYNo6020 NAOIHHA YACMUHOK
WBUOKICMb OKPeMUX HYACMOK 3MEHUYEMbCSA | 3aNedHCUums 6i0 GeUYUHU PO3NYUIEHOCMI cucmeMu
(wapy) wacmunkuy i ix KpynHocmi.

YV 6invwocmi eunaoxis, ocobaueo npu awanizi pyxy 6 KAHANax, 3aKOH 3MiHU 2i0pasiiyHoi
KPYNHOCHI ONUCYEMbC KPUBOIO 3 MIHIMYMOM Y 6EPXHIU MA MAKCUMYM 8 HUJICHIU YACIUHI.
Bionosiono entopa weuokocmeti € acumempuuHoo Kpugo, MAKCUMYM AKOI 3HAXOOUMbCA 8 MOUKAX
suwe 6i0 oci mpyou.

Y oaniti pobomi poszenanymo ocobausocmi npoyecié nepeHocy 6 080(pazHux pycroeux
nomokax. byno y3acanvneno 6epmuxanibHy CKIA008Y WBUOKOCMI DPYXY 6 3ANeHCHOCMI 80
Xapakmepucmuk 4YacmuHOK ma ix ¢opmu, a makoxc OCHOBHI napamempu @opmu YACMUHOK.
Ooepoicani  opmynu  egpekmuenoi  8’a3kocmi  YIIKOM — 3A008LIbHO  V32004CYIOMbCA 3
EeKCNEePUMEHMATbHUMU ~ OAHUMU Y  BIONOGIOHUX OiANA30HAX 3MIHU 00 €MHOI KOHYeHmpayii.
Mamemamuynui anapam meopii y3acanrbHeHux QYHKYiti modxce OYmMu YCRiWHO BUKOPUCTAHUL
MAKOoA#C 018 PEON02IUHO20 MOOENI08AHHS 00BLILHO20 2emepOo2eHHO20 cepedosuLyd.

Kniouosi cnosa: npoyecu nepeuocy, 2iopasiiuna  KpYnHiCmb, pyCcio8i  NOMOKU,
Xapakmepucmuky YaCmuHoK, eqheKmuena 8 sI3Kicmo.
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