WATER SYSTEMS

UDC 556:626:627.5

ON DETERMINATION OF RELATIONSHIP BETWEEN MAXIMUM HYDRAULIC
SIZE OF SUSPENDED PARTICLES AND TURBID FLOW PARAMETERS

V.H. Tokmajyan, A.P. Baljyan, D.J. Kamalyan
Shushi University of Technology

General direction of riverbed process on one or another section of the flow depends on the degree of
silt saturated state. In case of the flow oversaturation occurs falling out of silt and sedimentation of the riverbed,
and in case of insufficient saturation, on the contrary, the flow weighs particles of silt from the surface of the
canal and wash out the riverbed. Such nature of suspension and deposition of particles is the principal cause
determining the character of riverbed deformation. Peculiarities of river water turbidity parameters in various
phases of water regime often differs from average annual indices and have not been enough studies. The
problem of determination of maximum hydraulic size of suspended particles is reduced to finding that probable
hydraulic size under which the particle will not settle-out at | distance. To reveal the relationship between
maximum hydraulic size of suspended silt and parameters of flow spectral theory of turbulence, taking into
consideration distribution of energy vortices by different frequencies. This is conditioned by a circumstance that
sufficiently large solid particles in water can be suspended in the field of law frequency pulsation where small
part of the flow energy is concentrated.
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Introduction

Channel flows almost always contain and carry away a certain amount of solid particles and
decomposing organic substances and inorganic biogenic matter, which come from a basin soil
washout, erosion of riverbed ground and riversides as well as weathering. All these products of water
erosion are classified into the following categories:

suspended sediments, bottom sediments, dissolved matter.

Suspended sediments and dissolved matter are most often transported by water masses and
bottom sediments are periodically entrained into motion and travel over the riverbed (in near-bottom
layer of flow by sliding and bouncing along the bottom).

One of the principal characteristics of sediment composition is hydraulic size (w - velocity of
uniform non-natural fallout of grains in still water). In the general case the hydraulic size depends on
density of the particle, its volume and shape, viscosity of fluid medium, turbidity and degree of the
flow turbulence.

Many Soviet and foreign researchers have been studied problems related to hydraulic size of
silt and sediment. Today determination of hydraulic size is done by the scale invented by Prof.
Goncharov V.N. based on generalization of a large quantity of experimental data. The average specific
weight of the majority of river sediment is assumed 2.65t/m?3.

Phenomena of suspension and movement by river water of sediments of density around 2,6
times higher than that of water long ago attracted attention of scientists. The results of theoretical and
experimental studies [1] show that suspension state of sediments is conditioned by turbulent agitation
of water in the stream and formation of vortices. The latter throws separate liquid masses into water
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column, formation of whirlpools, presence of transverse streams, velocity pulsation and other events
are the main causes of silt particles penetration into turbulent flow column, suspension and their travel.

Silt particle moves upward in case when it is in water body, with suspension velocity higher
than hydraulic size, otherwise will occur deposition of silt particle specified size. In channel flows the
basic mass of sediment travels in suspended state and in lowland river amounts to 85 to 95 percent and
in mountain rivers — from 75 to 85 percent of the total amount of sedimentation [1].

It is accepted to characterize the saturation degree of the water flow by suspended silt by
turbidity (S) which is determined by gravimetric or volumetric quantity of silt contained in a unit
water volume. Turbidity of water is an important hydrologic characteristics of which impact on river
channel deformation, efficiency of water intake and water outlet works performance, reservoir
sedimentation have been little studied.. Water turbidity distribution in the flow is described by the
following equation of turbulent diffusion of suspended particles [1, 2, 3]
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where A is coefficient of turbulent exchange, u, v, k are components of velocity vector, X. y, z are
longitudinal, vertical (increases from the surface to the bottom ) and transverse spatial coordinates,
respectively, wis hydraulic size of suspended particles. The first term of the right-hand member of the
equation defines the change of turbidity value S in view of turbulent displacement of mineral particles.
The second term characterizes turbulent change under the influence of longitudinal (advection),
transverse (dispersion), and vertical (convection) transportation of suspended particles. The last
number of Eq.(1) reflects influence of gravity force on turbidity value S [3]. Influence of longitudinal
displacement of suspended silt on water turbidity in the course of various phases of water regime most
clearly appears when analyzing change of characteristics of silt flow along lengthy section of rivers.
Change of turbidity on sections of rivers in this case is determined by the ratio of its actual value to
turbidity, in accordance with carrying capacity of flow which depends on particulars of its hydraulic
state. With all with other things being equal the depth and rate of the flow impacts on sedimentation
rate, possibility of their stable (unstable) suspension, which determines content these particles on a
certain horizon starting from water surface (bottom). According to [3] role of processes defining
irregularity of turbidity distribution along rivers width and depth at that is negligible small. However,
we believe that this hypothesis is valid only for lowland rivers.

Existing hydrometric grid in service in many countries doesn’t allow to efficiently evaluate
relatively quick time-dependent changes of turbidity owing to high discreteness of measurements and
widely spaced stations performing suspended silt observations. It remains an open question on
evaluation and prediction of arrival of suspended particles lower than economic objects [3].

Suspended silts are carried away in the water flow column under the action of vertical
components of turbulent pulsation velocity. The condition of particles suspension can be written as

u'=w,
)
where u’is upward directed vertical component of stream’s velocity vector, w is hydraulic size of silt
particles. Suspended silts in depth of flow are distributed very irregularly. The most large particles

travel in lower layer where turbidity of flow reaches to considerable value, most small ones are
distributed in full depth and their quantity decreases from bottom to the surface, Thus, water turbidity
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in rivers increases from the surface to the bottom at that for silts of larger fractions increase runs
quicker, and for silts of larger fractions — slower as shown in Fig.1.

However, this regularity doesn’t act in the flow movement after the dam rupture where large
particles are concentrated on the wave crest [1].
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Figure 1 Silt content change in depth [3]

A) the Chnrchik river, B) the Volga river, C) the Sir-Daria river (according to Levi L.1.)

In relation to suspended silts transporting capacity of flow is of serious interest, that is that
limiting turbulent which the flow can posses under the given hydraulic conditions. Carrying capacity
of the flow depends not only on hydraulic characteristics of the flow but also on quantity, composition,
dimensions, shape of particles and other properties of silts.

Consideration of all these factors presents considerable difficulties which explain availability
of a grate number of formulae suggested for determination of carrying capacity of the flow.

Formulae for determining carrying capacity of flow can be divided into empirical and
theoretical one. According to the Standard 3908-47 “Transporting capacity and sedimentation rate of
water stream in channel” silts carrying capacity of water flow is determined by the following formula

pP= BQ"“i ©)

where p is the transporting capacity (kg/m?®), Q is the flow of water in the channel (m%s), i is the

grade of a free space, B is a coefficient assumed to be equal to 4700, 3000, 1100 u 600 for the
hydraulic size w - w<15mm/s, w=16+35mm/s, w=23,6-+6,4mm/s, W >6,5mm/s, respectively

[4].

Field investigations show that transporting capacity found by Eq.(3) gives understated results.
For small values of the hydraulic size (W) it is suggested to introduce correction coefficient in Eq.(3)

substituting B for E where C =0,55-0,85. Usually in calculation it is assumed that C =0,7, then
w

Eq.(3) can be written as [4]
T (@

where i, =10%i
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A number of researchers including Zamerin E.A., Gostunskii A.N., Khachatryan A.G.,
Shaumyan V.A., Abaliants S.Kh., Poslavskii V.V., Chekulaev G.S., Goncharov V.N., Lipatov K.G.,
Horst O.G., Mikheev P.V., et al have derived a well known formula for determining transporting
capacity of flow.

The majority of formulae in use for determining transporting capacity of flow have been
derived for conditions existing in irrigation channels. It follows that in solution of channel regulation
problems, that is for flows of relatively large dimensions and containing silt particles of different size
and nature, should be given careful attention to these formulae.

Generalizing obtained data on the rivers of Transcaucasia Zamarin E.A, suggested to define
the carrying capacity of flow for weighted average values of hydraulic size ranging from 0,002 to
0,008 by the following empirical formula

Vs =
p=0022) JRi. 5)

where W is the silt weighted average hydraulic size, V is average rate of the flow.

The most universal is the formula of Prof. Khachatryan A.G.

V 15
Knowing actual turbidity of flow and its transporting capacity on a section under consideration
enables to clear up the possible character of channel processes.

Tractional load according to its mechanical composition is composed of medium and coarse sands,
gravel, pebble and stones. The composition of silts and character of their movement depends on
hydraulic conditions of the channel flow. Quantitatively, the bed load is approximately 25% of the
total, however, they play an important role in the formation of the channel.

When stream velocities are high and suspension of silt is of mass character the diagram of in
depth distribution of turbidity has a usual form. With a sharp reduction or termination of the bed load
arrival from upstream sections some velocity in depth redistribution occurs to the near-bottom velocity
increase which is one of reasons of eroding capacity of clarified channel flow.

In engineering practice to regulate channels with the aim of finding possible character of
channel processes it is important to determine maximum (critical) velocity of flow which characterizes
crisis condition of a grain stability on the bottom. The maximum velocity can be defined using the
formulae of Velikanov M.A., Shamov G.l., Goncharov V.N., Levy L.I., Knoroz V.S. Knowing the
hydraulic size of silt in the channel and the depth of flow enables to gain some insight on the flow rate,
under which these silts are deposited and under which they can start moving again, and on the
contrary, knowing respective maximum velocity on the size one can get an idea on size of moving in
the flow silts. To take into account the flow of bed load a number of empirical formulae have been
suggested on the basis processing of data obtained by field investigations.

The main theoretical dependence for determining the carrying capacity of the flow is given
Velikanov M.A. based on gravitational theory. Energy released during the transition of the flow mass
from high marks to lower ones, is equal to the work of the liquid phase and suspension [5]. The
differential equation of liquid phase steady motion of dispersoid of steady-state concentration of silts
can be expressed as
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In mountain conditions where the river channel and river feeding water basin are covered by
rocks of relatively large size and hydraulic parameters are such that they do not suspend then the
sediments contained in the bottom of flow under certain conditions start moving. This process begins
after velocity of flow reaches limiting value and when particles lose their stable position on the bed
and dart.

In the State Hydrology Institute, in a certain form, have been systemized available formulae
for calculation of bedded sediment rate of flow and present specific recommendations for its
calculation for various natural conditions.

Satisfactory can be considered accuracy of bedded sediment rate of flow calculation by a
factor of two [6]. The reasons for unsatisfactory state of the problem have been in detail discussed in
the paper of Kopaliani Z.D., and Kostyuchenko A.A. The main reasons are: 1) lack of clear definition
of the term “bed load”; 2) lack of commonly accepted methods of differentiation of tractional,
saltational and suspended silts; 3) insufficient consideration of specific character of natural conditions
of rivers wherein occurs transportation of bedded silts (their size, slope, particle-size distribution,
bedded particles transportation form), 4) poor accuracy of relations, used for calculation of bedded

particles displacement [7].

There are various approaches to determine the flow of bedded sediments. To that end in the
middle of 20" century a number of scientific workers attempted to derive universal formulae.
However, in view of complexity, multifactorial nature, and poor studied process of bedded load
transportation, a universal approach isn’t justified. Often techniques are applied for development of
regional relationships, generalized for rivers of certain character and region [8,9].

Conflit settings

A problem has been set to determine dependence between maximum hydraulic size of
suspended silts and parameters of flow and analysis of formulae in use.

Research results

Differentiated approach is applied for each type of hydraulic and morphological conditions
and selected the corresponding dependences. More correct solution of the problem can be achieved by
determining local dependence for the specific section of a given river since in spite of large amount of
various formulas to perform calculation for hard particles transportation the single criterion to get
reliable estimate can serve field data with detailed measurement all parameters: characteristics of the
basin, water flow, bedded and suspended sediments, granular composition of the sediment being in
motion, as well as bed silt. Only in such a case can the accepted dependences be assessed or newly
developed ones with coefficients taking into account typical regional peculiarities both for moving
particles and the entire basin [10].

To determine flow of tractional load a number of empirical formulas have been derived
applicable for mountain river. Eghiazarov 1.V. suggested to take as a base dependence for determining
the flow of the tractional load, derived on the basis of the dimensionality method [10]

Ri
[/
oUso

P =15Qp+/i( -1) (®)
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where P is tractional load flow (kg/s), Q is water flow (m%s), iis the slope of river, R is the section
of the hydraulic radius conditionally determining silt transportation, d, is the median diameter of

particles being in motion at the given water flow, h is the average depth of flow, and p’is defined by
the equation below:

p!:ps_pW, (9)
Pw

where p,, p, are density of silt and water, respectively (kg/m?).
The value of the resistance coefficient f; is defined by the following equation:

Ri
f, = : 1
0 prdmax ( 0)

On the basis of carried out analysis (8) and formulas of a number of researchers from among a
set of factors determining silt transport three main ones can be chosen: the flow average depth, the
average rate of flow, and dimensions of moving particles, and the rest are their derivatives. On this
basis the formula for determining bottom silt flow the below expression can be used [10]:

p_ A(Q/)z,4(dd)o,23(;‘j Y (11)

max

where A is a dimension factor depending on composition of moving bedded silt. For the rivers of
Armenia its value has been estimated to be 2,5 [10].

Both in natural channels and in hydraulic structures suspended particles are nonuniform.
Therefore, it is often convenient in calculation to use the idea of an average hydraulic size which can
be expressed as:

where W, wo and w _ are average, maximum, and minimum hydraulic size of suspended particles,
min

respectively, I(w) is relation of distribution of suspended particles according to the size can be
established by Salakhov’s formula [12]:

u

_ 2
W =12.50°

(13)

where U is the flow rate, R is the hydraulic radius, nis a roughness coefficient. According to [13],
friction speed for suspended transit particles can be defined by the below expression:

_nJg
u = % u. (14)
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Hydraulic parameters of the flow can be determined based on Velikanov M.A. hypothesis,
according to which vertical instantaneous displacement of particles from the mean trajectory occurs in
accordance with normal distribution law [14]

,xz

F(x) = le%ezcz , (15)

where Xis a random deviation of the particle from the mean trajectory, o is the quadratic mean
deviation.

Possibility that an arbitrary particle which in some definite cross-section is in y depth
deposited not far than | distant

1 A 2 1
P=—-| e -dt==-(L+erfl), (16)
Jr L. 2
where
Wy
u .
A=274— V" (17)
vh-0.2

Possibility that a particle of w hydraulic size will not deposited at | distant is:
1
H=1—P=E(1—erf/1). (18)

The actual problem is reduced to the determination of such probability of hydraulic size under
which the particle will not be deposited at the | distant. In the result of simple mathematical
transformations, we have

(19)

% (x«/ﬁ—o.2+ y

1
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It is evident that the particle will be suspended if

wo < ﬁ \/gu (20)

The obtained relation shows that the maximum hydraulic size of suspended silts depends on
the flow depth, The analysis of field experimental investigations show [15] that the results obtained by
dependence (20) where the flow depth is the numerator, give more reliable results than results
obtained by employing empirical formulae derived by other researchers, where the flow depth is in
denominator.

Conclusion

1. The hypothesis to the effect that with all things being equal the depth and rate of the flow
have an influence on deposition rate of mineral particles, possibility of their stable suspension, and
that defines content of these particles on definite horizon, beginning from the surface of water and that
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the role of processes determining irregularity of turbidity distribution depthward and widthward of
rivers, at that is negligible small, and it is right only for lowland rivers.

2. The suggested empirical formulae for obtaining maximum hydraulic size suspended silts
should be used carefully.

3. To reveal dependence between the maximum hydraulic size of suspended silts and
parameters of the flow should be used spectral theory of turbulence, taking into consideration energy
distribution in whirl of different frequencies. This is stipulated by a circumstance that largebsolid
particles in water can be suspended in the field of pulsation at low frequencies, where is concentrated
the largest part of the flow energy.

The research was performed under scientific theme 11-30/15TSCSRA.
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K OIPEJAEJEHUIO 3ABUCUMOCH MAKCUMAJIBHOM T'HJIPABJTUYECKOM
KPYIIHOCTHU B3BEINAHHBIX YACTHUIL U IAPAMETPOB MYTHOI'O IIOTOKA

B.O. Toxkmamxkan, AIL banmxkan, /1.2K. Kamajasan
L Iywunckuii mexnono2uieckutl yHugepcumem

OO11as HaNPaBIEHHOCTh PYCIIOBOIO MIPOLEcCa HAa TOM WJIM MHOM YYacTKe MOTOKA 3aBHUCHUT OT
CTETIeHH HAaCBHIIIEHUS ero HaHocaMu. B ciydae mepeHachlllieHHs MOTOKAa NMPOUCXOIUT BhINa/IEHUE
HAHOCOB U 3aWJIEHHE PYCJIa, a B CIy4ae HEJOCTATOYHOI'O HACHILIEHHS, HA000POT, IOTOK B3BELIMBAET C
MOBEPXHOCTH pyciia YacTHIIBI HAHOCOB M pPa3MbIBaeT pycio. Takoil xapakrep NepHOJUYEecKOro
B3BEIIMBAHUS M OCAXJCHUS YaCTUI] HAHOCOB SABJSETCS OCHOBHOM NPHUYMHOM, OIpeaenstomen
xapakTep nedopmanuii pycia pek. OCOOEHHOCTH MapaMeTpOB MyTHOCTH PEUHBIX BOJ B pa3HbIX (azax
BOJHOI'O peXHMa 4acTO OTJIMYAIOTCS OT CPEAHEMHOTOJIETHUX IOKa3aTeneil 1 Mano u3y4yeHsl. 3agaua
[0 OMNpPENEJICHUI0 MAaKCUMAaJIbHON TMIPaBIMYECKOH KPYIMHOCTH B3BEILEHHBIX YACTHL[ NPUBOJUTCSA K
MOJYYEHUIO TOW BEPOSATHOM T'MAPAaBIMYECKOH KPYMHOCTH, NMPH KOTOPOW YacTUIa HE OCSAET Ha
paccrosHuu |. Jlns BBIABICHMIO 3aBUCUMOCTH MAaKCHMAaJbHOW THJIPABINYECKOW KPYITHOCTH
B3BEIIEHHBIX HAHOCOB M TMAapaMeTpPOB IMOTOKA CIEAYeT NPHUMEHATh CHEKTPaIbHYI0 TEOPHUIO
TypOyJI€HTHOCTH, YYHUTBHIBas pPAacCHpeleleHUs SHEPruyd [0 BHUXPSAM pasHBIMH YacTOTaMH. ITO
00YCIIOBJIEHO TEM 0OCTOATENECTBOM, YTO IOCTATOYHO KPYIHBIE TBEPAbIE YACTUIBI B BOJE MOTYT OBITh
B3BELICHBI B IOJIE MYJIbCAIlUM HU3KHX YacTOT, IJIe CKOHIICHTPUPOBaHA HaWOOIbINAsl YacTh SHEPTHU
MOTOKA.

KioueBble cioBa: Typ6yJ'IeHTHOCTB, TUAPABIIMYCCKAA KPYIHOCTL, 3pO3Us, XKUIAKOCTD,
myJjibCalysi, MyTHOCTb.
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