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Abstract. Recently, it has been increasingly confirmed that the transport of suspended particles
is a vital function for the regional and global carbon and nutrient cycle during their transport in
surface waters. Usually they include fine sand, silt and clay, which can absorb carbon and nutrients.
Numerous works of domestic scientific institutions are devoted to the development of refined
recommendations for determining the granulometric composition of suspended sediments and the
formation of a methodology for calculating spatial deformations of channels. In particular, this is
achieved by applying mathematical and physical modeling methods. This work considers two
approaches to describing transport processes in channel flows, and also establishes that the main
and defining characteristics of the turbulent structure of the flow are its turbulent tangential stresses.

Calculation methods were presented and the calculated distribution of velocities over the depth
of the turbulent suspended flow was obtained. From it we can conclude that the transport phenomena
in this case are characterized by more complex transport coefficients, which are related to viscosity
and density.

Keywords: transport processes, channel flows, equations of motion, suspended particles,
velocity distribution.

Introduction.

Recently, there is increasing evidence that the transport of suspended particles
plays a vital role in the regional and global carbon and nutrient cycles by transferring
them to rivers, lakes or oceans. They usually consist of fine sand, silt and clay, which
can absorb carbon and nutrients [1].

Sedimentation processes are activated in areas of changing environmental
conditions, where such characteristics as the nature of the underlying surface, the speed
and direction of movement, the chemical composition of water, and the species
composition of biota change. Since 1983, much work by domestic scientific institutions
has been devoted to the development of refined recommendations for determining the
granulometric composition of suspended sediments and the formation of a
methodology for calculating spatial deformations of river channels. In particular, this

is achieved by applying mathematical and physical modeling methods [2].
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The main text

There are two approaches to describing transport processes in such environments.
The first approach is associated with the formation of separate equations characterizing
the liquid and solid phases. In this approach, the equations of motion of the flow of a

liquid mixture are used for the environments [3—5]
p(1-5)(80, /6t +T 00, / ox,)=—(1-8)oP / éx, +(1- ) o, / ox, +
+K (0, -0, )+F -(1-S)L0, (1)
In the second case, taking into account that the density of the mixture can be given

by dependence (2), the equation for a continuous medium of motion of a flow of a

mixture homogeneous in size takes the form
pS(00, /0t +T 80, /ox,)=—-SoP | ox, + S0t / ox, + K (O, -V, )+ F, - SLT,,
2)

where O,,0,— velocity of liquid and mixture particles, F, —mass force, 0z, — stress
tensor component, K — ratio of both phases, L — mass transfer coefficient between flow
layers.

When considering the motion of each phase separately, external forces are
distributed to each phase. In addition, there is an interaction force between the phases,
which when considering the mixture as a whole is an internal force. It follows that the
forces acting on each phase consist of surface and mass interaction forces. Given this,
the equation of motion for the i-th phase in differential form can be written as [3—5]

pdU, | dt =divP + 11 + p,F.. 3)

Here P, =—f,gradP + 0t / Ox, stress tensor acting on the i-th phase; 7, —internal

tension; f, — volume content of the i-th phase (i=1,2).

The interaction force, depending on the difference in the speeds of each phase, is

considered in the form
1,=K(U-U,) (4)

Substituting the values of the parameters, equation (1) can be written as
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pdu, | dt =—fgradP+dr, | ox, + K (T -U, )+ pi, (5)

where U , Us— corresponding velocity vectors of the carrier fluid and solid particle; K

— interaction coefficient between the carrier liquid and solid particle phases; F; — mass
forces, in this case, mainly the components of gravity are considered.

The main and defining characteristics of the turbulent flow structure are turbulent
tangential stresses. Turbulent tangential stresses are determined according to the model

developed in the work [3—4]:

— _0v,
£y = f (S i, + 2

+[LVdn when j=1(7=1.2)

J

ov,,
Ty =1l %+—k’ when j=1. (6)
ox;  Ox,
Then equation (5), taking into account (6), in the projection on the coordinate axis
(=x, y, z, [=x, y, z) for the first phase of the flow with suspended particles we write in

the following form [3—4].

(7)
}—LIUI + K (u, —u,) p,F

For the second phase, we write accordingly [3—4]
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0 du @
+§[2f2,u2 d—ZZ+ dxzjj—Llul+K(u1 u,) p,F.

dv, 0O ov 0 ou, Ov

—2 =12 2 —12 72 2

* dt ay[f“aJ 8x[f22(6 ayB

d du, do (8)
+§{2f2y2 [d—;+ dy2 D —Lv, + K (u, —u,) pF,

where u, v, w — velocity components in projections on the coordinate axis.

A feature of the proposed system of differential equations is that the right-hand
side of the equations contains two additional terms (L;, L,), which characterize the
turbulence of a channel flow with suspended particles (Li, L,), which is determined
based on the developments given in the works [4, 6, 7].

To solve practical problems of channel flow, it is necessary to develop a method
for calculating the distribution of the average velocity of a suspended flow, which is
applicable in wide ranges of changes in the conditions of motion of the flow parameters
of the carrier fluid and solid particles [6—8]. To develop a method for calculating the
distribution of the mediated velocity over the depth of a flow with suspended particles
in open channels, a system of differential equations (7, 8) in the case of a steady (
du/dt=0), one-dimensional (du/dx=du/dz=0) and uniform motion, assuming

that f =s — the concentration of the second phase in the flow for the carrier fluid and

for the flow of suspended particles can be written in the following form

(159 28] o)== =0 S

i{us{% }+K(u1 —1/12)—SL2u2 =—sp,; gl
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where p, pr— density of carrier liquid and solid particles kg/m 3; i — slope of the water
surface.

The system of differential equations (9) is solved numerically using the finite
difference method. The results of the calculations show that the value of the velocity,
1.e. the difference in the velocities of the carrier fluid and the solid particle along the
depth of the flow, changes. This is obvious, since during the movement of a suspended
flow in open channels the distribution of the concentration of suspended particles along
the depth of the flow has an exponential character. Hence, with increasing depth, the
concentration of suspended particles increases and there is a need to take into account
the fractional composition, which significantly affects the distribution of the relative

velocity along the depth of the flow (Fig. 1).
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Fig. 1. Result of calculation of velocity distribution over the depth of turbulent

flow with suspended particles [3—4]

Therefore, the transport phenomena in this case are characterized by more
complex transport coefficients, which are related to viscosity and density.

Conclusion and findings. This paper considers two approaches to describing
transport processes in channel flows, and also establishes that the main and defining
characteristics of the turbulent structure of the flow are its turbulent tangential stresses.
Methods for calculating the distribution of the average velocity of a flow with
suspended particles, which are used in wide ranges of changes in the conditions of

motion of the flow parameters of the carrier fluid and solid particles, were presented.
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As a result of the calculation, using the finite difference method, the calculated
distribution of velocities along the depth of a turbulent flow with suspended particles
was obtained. From it, it can be concluded that the transport phenomena in this case
are characterized by more complex transport coefficients, which are related to viscosity

and density.
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Anomauia. Ocmauniv uyacom 6ce Oinbule NiOMBEPON’CYEMBCA, WO MPAHCNOPMYBAHHSL
3A6UCTUX YACMUHOK € JHCUMMEBD BANCIUBOIO (DYHKYIEIO 0N PeCiOHANbHO20 Ma 2100ANbHO20
Kpy2000i2y 8y2neyio i NONCUBHUX PeHO8UH Ni0 YAC iX NepeHoCy y nogepxHesux 600ax. 3azsuuatil 00 ix
CKAAQY 6X00UMb OPIOHULL NICOK, MY I 2IUHU, KT MOICYMb NO2TUHAMU BY2lleYb | NOHCUBHI PeUOBUH.
Yucnenni pobomu GIMUUSHAHUX HAYKOBUX YCMAHO8 NPUCBAYEHO pPO3POOIEHHIO YMOYHEHUX
peKomeHOayitl 0isl GU3HAYEHHS 2PAHYIOMEMPUUHO20 CKIA0Y 3ABUCIUX HAHOCI6 MA (OPMYEAHHIO
MemoOuKu  po3paxyHKy Hpocmoposux Oegopmayini  pycen. 30Kkpema Yvo2o 00CA2aOMb
3aCmMoco8yiouy  Memoou MamemamuyHo2o ma @Qi3uyHo20 MOOent08anHa. Y Oawii  podoomi
PO321AHYMO 08a NIOX0OU ONUCY NPOYECi8 NepeHoCcy Yy Py Clo8UX NOMOKIE, A MAKONC 6CIAHOBIIEHO, WO
20JI06HUMU MA BUSHAYATLHUMU XAPAKMEPUCTIUKAMY MYPOVIEHMHOI CMPYKMYpu NOMOKY € U020
MmypOyIeHmMHI OOMUYUHT HANPYHCEHHSL.

byno naseoeno memoouku po3paxyHky ma 00epicaHo po3paxyHKOo8ULl po3nooinl weuokocmet
no 2nubUuHi MypOyIeHMHO20 38AHCEHO20 NOMOKY. 3 Hb020 MONCHA 3POOUMU BUCHOBOK, WO ABUWYA
nepeHocy 8 Ybomy 8UNAOKY XapaxKmepusyromvcs Oiibll CKIAOHUMU Koeghiyienmamu nepeHocy, sKi
no8’s13aHi i3 8 A3KICMIO Ma 2yCMUHOI0.

Kniouogi cnoea: npoyecu nepenocy, pyciosi NOMOKU, PIGHAHHA PYXY, 3A6UCTI YACMUHKU,
PO3N00LT WBUOKOCHELL.
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