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The analysis of mud structures operating experience enabled to represent their positive sides and reveal
design deficiencies. To develop mathematical models of the mudflows movement is of great importance and
drawing up design diagrams of structures requires bringing out distinctive features of the movement of
suspended particles by turbulent water. On the basis of experimental investigations carried out to define
carrying capacity of the flow has been ascertained that the ratio of coefficients of resistance with saturated
suspended particles and clean fluid with high concentrations always greater than a unit, when in many known
research works it is believed that this ratio is less than a unit. The obtained experimental results are rigorously
substantiated theoretically. The course of the change of the ratio of mixture resistance coefficient and clear

foul f, <1

water runs in the following way: at first increase of coefficient C leads to decrease of to a minimum

value, then it starts increasing till a unit and more than unit.
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Introduction

Scientists of many countries worked at issues of the movement of suspended particles in a
turbulent stream. The principle difficulty here lies in the fact that different models of turbulence are
not sufficiently perfect and up to now are subjects of theoretical and experimental study. As far back
as in the middle of the last century academician A.N. Kolmogorov carried out study of the issue, the

main ideas on locally isotropic turbulence of the stream being underlay in a so-cold k—& model of
turbulence [1]. Later his hypotheses were used for closure of equations describing the movement of
temperature heterogeneous streams [2] and suspended particles in turbulent stream [3,4]. In his
fundamental works F.I.Frankl formulated equations of momentum and energy of turbulent pulsation
fluid and hard components of flow, taking into account interaction between hard particles and fluid
[5,6].1ssues concerning the force of interaction between hard particles and fluid in their pulsating
movement were also considered by J.O.Hinze [7,8]. Mud streams are formed as a result of interaction
of a number of natural factors: hydrometeorological, climatic, geomorphologic, hydrological.
Formation of mud torrents in basins of mountain rivers in the main is conditioned by heavy
falls of rain, hence, defining the regime of precipitations and establishing design characteristics of
downpours has a certain importance for determining basic parameters of mudflows. However, the
analysis of meteorological conditions, corresponding to heavy mud streams occurring in the Republic
of Armenia and Nagorno-Karabakh Republic has shown that mud streams formation not always is in
close agreement with heavy precipitations. This is explained by the fact that for formation of
mudflows it is necessary that the basin was sufficiently wetted by earlier rains and that on slopes there
were sufficiently much amount of easily sliding down the slope material. Heavy precipitations
preceding a mudflow are typical of almost all mud streams occurring in basins of mountain rivers [23].
A mud stream is composed of a mixture of water and loose conglomerate — sediment. These flows are
characterized by suddenness of formation, a short-run action and a great collapsing force. Moving mud
streams in their way destroy settlements, buildings, various structures and facilities, roads, flooded
gardens and fell trees, vineyards, and other agricultural areas. Running down through a channel the
stream entails more and more particles of different nature and the force of gravity moves them along

3



WATER SYSTEMS

the sloping surface they are resting as deposited large particles and eventually the stream is
transformed in a fast-moving and full of energy turbulent mud-and-stone stream containing a great
amount of sediment.

Mud streams in mountainous regions are triggered by brief and heavy fall of rains, heavy
snowmelt, as well as break of obstructions, etc. At that it is quite natural that in the given basin shaped
like centres or on water catchment hill slopes must be enough material containing tiny clay particles,
sand, gravel, stones, and even boulders. Mud streams are characterized by strongly pronounced upper
section (slope i=0,4-0,2), transition zone (i=0,2-0,5), and the lower or deposition section (i=0,05-0,01)
[3,18,20].

Contflict settings
Development of the theory of turbulence of homogeneous and heterogeneous flows is now
underway based on closure of equations completion procedure, by using various models of k—¢

andk—m—g type and preparation of numerical methods for solution of the equations. A specific

point at that is determination of the ratio of resistance coefficients with maximum suspension of
particles and clear water of various concentrations.

Research results

Experimental unit is composed of a rectangular metallic tray of 20m length, 0.37m width, and
0,24m height. By special devices the tray can be installed at different slope angles. At the top of the
tray are mounted feed tank designed for feeding fluid flow, equipped with triangular measuring weir
gauge and metering hopper for feeding of hared particles (sand) in desired quantity.

Sediment carrying stream passing through the operating section of the tray gets into a collecting
tank. At the end of each experiment sand arriving into the tank is removed, dried out, and weighed.
Then weight flow of hard particles is determined, which enables, in its turn, also to control operation
of the metering hopper.

In the course of experimental study sand of six grain-size composition and weighted average
diameter d=0,9mm, 1,10 mm; 2,64 mm; 7,85 mm; 8,5 mm, and 14,0 mm was used. The experimental
tray was installed at the following slopes: i=0,01; 0,02; 0,03; 0,05; 0,08, and 0,15.

Water discharge changed within the range Qw =10 I/s — 52 I/s. Hard particles consumption
changed within Q,= 0,059 kg/s — 10,5 kg/s. By variation of fluid and hard discharges such state of the
flow was reached, when quantity of transported by them hard material met carrying capacity of the
flow. It means that a nonessential addition of sand will cause their deposition. Such procedure has
been repeated for all inclined positions of the experimental tray for different fluid and hard discharge
and silt grain-size compositions. Then for identical conditions the tray was fed by clear water of
discharge equal to fluid component of double-component flow. Thus , 90 experimental points have
been obtained. On the basis of these data the following Chezy coefficients of mixture Cuwy, clear water

Cw of ratios Cup = Uwp , C. = and their relationship ﬂ:uﬂ R , therefore, and M

w

R, R,j C, U, R, f,

wp

To obtain energy of sediment suspension, i.e. energy that the stream consumes to support hard
particles in suspended state in the flow recommendations of F.I. Frankle and 1.0. Hinze [5-8] can be
used. To complete equations derived by these authors connections between pulsing characteristics
have been used and corresponding averaged hydraulic parameters of the flow not only of gradient type
(in the form of Bussenesck) applicable for small-scale turbulence, but also of convection type, which
would hold for the large-scale turbulence. On such an approach can be found in [8,9], where it is
pointed out that in general energy balance of turbulent pulsations the sediment suspension energy
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takes a place between small-scale and large scale turbulence. As a result for the suspension energy
relevant to mass unit of the mixture (G) of homogeneous slow-changing flow we get

G =—(1+ AC)gW.C(1-C)+ KW.C, 1)

p=re @

where p, and p, are fluid density and hard particles, respectively, C is concentration (volumetric), g

is acceleration of gravity, W, is hydraulic size of hard particles in tight fall, K; is experimental

constant equal to unit by order.
In case of slight water turbidity and absence of the second member Eq. (1) can be written as

G =—fgW,C, ®

For a one-dimensional smoothly changing motion toward X, for equation of energy balance of

turbulent pulsing we have
E(1/+£%)+P,+G—g=0, 4)
oy okoy

where

P =v, (3—;)2 . (5)

Between pulsation kinetic energy (k) and energy dissipation ( &) exist the Kolmogorov-Prandtl ratio
2

K
v, :Cyz : (6)

As it has been shown in [2,3,4,8] in a number of applied problems, including the one under
discussion, the first member in Eq.(4) presenting molecular and turbulent diffusion of pulsations
kinetic energy, is smaller than in comparison with other members and to the first approximation can be
neglected. It should be noted that the presence of this member in no way change the conclusion we
will arrive without it. Hence, after the first member has been neglected and substitution of G and P,

according to Egs.(3) and (5), Eq.(4) will have the following form:
du,,
ﬂ\NcCg—vt(d—y) +&=0, ()

or making use of the mass conservation equation

2
w.c+ 9" g, ©)
o, dy
we get
g 9C @yl no, ©
o. dy dy
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Equation of momentum for the problem under study will have the following form

du

V,—

dy

2

where H s the depth of the flow, Y is the friction velocity.
Joint resolution of Egs. (9) and (10) gives

_uzpa_ Y
=u;(1 H)' (10)

B9 dc
4
L oC dy) (11)
vV, H (7)
Hence, making use of Eq.(6). we have
1/2
u? ﬂg dC ,du,,
k=—_(1--2 Lo Sy [ ks : 12

From Eq.(12) follows that pulsing energy of the flow inhomogeneous fluid decreases in

comparison with existing flow of clear water since c(ij_C <0.
y

Energy dissipation equation for the present problem can be written in the following form

8{ (—) +(1-C,,) 80— d: iﬂ C,,e=0. (13)

or
_C,

Cz (14)

{(—) +(1-Cy) g — dc}

&

From this it follows that energy dissipation of the flow also decreases in comparison with that
of the clear water. In accordance with the forgoing we arrive at conclusions that the resistance
coefficients of the flow with suspended particles are smaller than corresponding flow of clear water.
This conclusion is borne out by experimental and theoretical researches [15,16]. However, it is
necessary to take into consideration that in all experiments both fineness of hard particles and their
concentration were small (C=0,0017-0,004, d=0,105).

Therefore dependence expressed in Eq.(11) is satisfied for that flows. When the coefficient of
sediment is great energy of the flow is spent on suspension of hard particles and is determined by
Eq.(10). Inasmuch as increase of concentration leads to gradual decrease of the first member of Eq.(1),
and second one increases, then to determine the value of C, G assumes zero value (when fow = f.)

after which G takes positive value and then increases. Then the summand at the unit in parentheses of
Eqg. (11) becomes positive, which will cause increase of turbulent pulsations energy, therefore
dissipation energy. As a result the ratio f_, / f, being greater than unit firstly slowly increased with C

till C=0,3, then begins abrupt increase. The fact that the above mentioned ratio is greater than unit and
increases with concentration is also evidenced by available research works in the field of hydraulic
transport through pipes and pneumatic tube transport [17].
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Conclusion
The foregoing enables to arrive at a conclusion that the course of change of the ratio of

coefficients of resistance f, /f, takes place in the following way — when C=0 then f_ /f =1.

Further increase of C leads to decrease f /f, <1 till some minimum value, then it starts increasing

till to unit and larger than unit.
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SNrPPARLELS <NUULLNMY YUhYUD UUuULhULErP SUMdU UL UUUPL

<. J. [@npdwgjut
Cnphh (pbutininghwywt hwdwuwpw

Lbnbnwwwp  Junnigjwdpubiph  swhwgnpddwtu  thnpdh  nwnwiuwuppnigyniutbpp penyp  wybight
wwwlbpwgnd  Juqgdbp npwug npwlwu  Ynndbph  JbGpwpbpu] b hwyntwpbpbp  Ynuunpniynpy
ptipnieyniutbipp: <bintinwjhtu hnuptiph swpddwu gnpdpupwgh Jwpebdwwhlwlwu dnnbiubph unbnddwu W
Ynuunpniyghwubiph hwoywiht upubdwubiph Yuqidwu hwdwp uplnp bpwuwlnyeniu ntuh  winppniybumn
hnuwupnud  Ywfuw| dwuthlyubiph swpddwu  jnipwhwnynyeniuutiph pwgwhwynnip:  Pnpduwywt
htitnwgnunigyniuubiph - wprynwupnuwd, npnup  hpwlwuwgytp tu  hnuwuph  wnbnwihnfudwt  hwnynyejut
niuwynipjut pwgwhwjndwt twywwnwyny, wwpgyb) £, np db6d Ynugbunmpwghwubph nbwpnid nhdwnpnigjwu
gnpdwlgh hwpwpbpwygnipniup Ywfujw| dwutuhlubpny hwgbgwsé htnniyh b dwpnip henniyh gnpdwygh hbiwn
dhown b6 L dbyhg, W nw wju nbwpnuw, Gpp pwqiwpehg hwjwnuh hGnwgnunnieniiutpnd wyunynd t, np wju
thnpp £ dbyhg: Uwnwgws thnpduwlhwu  hGunwgnnnyeniuubph - wpryniupubpp hhduwynpynud — Gu
wnbuwlwunptu: Uwpnip oph  fuwnunipnh  nhdwnpnigjwu  gnpdwyhgubiph  hwpwpbipniygywu  thnthnfudw
DUpwgpp hpwywlwunw b htnlyw) &uny. uygpnd C gnpdwlgh ubdwgnuwip hwughgunwt kf /7 f, <1

thnppwgdwup' dhusl npnawyh ujwqugnyu wpdtiph: Ujunithbnl wju ulunid | dGdwuw]’ dhusl deYy b wybhu:

Pwuwih pwnbp. Snippnitiunnyeniu, nhynighw, htnnwy, nhdwnpnpjwu gnpdwlhg, wnyuwghnu
Lutipghw:

O ABUKEHUU B3BEINAHHBIX YACTHI B TYPBYJIEHTHOM IIOTOKE

O.B. ToxkmaksiH
IIhwunckutl mexnonoeudeckuli yHugepcumem

Ananu3  omblTa OKCIUTyaTalluu  CCJIC3alllUTHBIX COOpy)KeHI/Iﬁ MNO3BOJIMJIM  OPEACTABUTH  HX
IMOJIOKUTCIIBHBIC CTOPOHbBI W BbBIABUTH KOHCTPYKTUBHBIC HCIOCTATKHU. BaxkHoe 3HaucHuE JJIs pa3pa60TKH
MAaTCMaTUYCCKUX MO[[eﬂeﬁ npouecca MABUKCHUA CCJICBBIX TIOTOKOB MW COCTABJICHUSI PACUCTHBIX CXEM
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KOHCTPYKLMI MMEET BBISIBICHUS OCOOCHHOCTH JABMKEHHS B3BEIICHHBIX YacTHIl B TypOyleHTHOM mnortoke. Ha
OCHOBaHHMHM SKCIEPHMEHTAIBHBIX HCCIICAOBAHUM, NMPOBEACHHBIX C LENBI0 OMNPENCNICHHUS TPAHCIIOPTHPYIOIICH
CIOCOOHOCTH TIOTOKAa, YCTAHOBIEGHO, YTO OTHOLICHHE KOI(G@UINECHTOB CONPOTHBICHUS C IPEACIHHO
HACBIIICHHBIMH B3BEIICHHBIMH YaCTHLIAMH M YHCTON >KHJIKOCTH NP OONBIINX KOHIEHTPAIMAX BCETAa OOIbIIe
€MHHLBI, B TO BPEMsI, KOTZa BO MHOTHX M3BECTHBIX HCCIECIOBAaHUAX YTBEPKIACTCS, YTO OHO MEHBINE CIUHUIIBI.
IMomydeHHBIE 3KCHEPHMEHTANIBHBIE PE3YIbTaThl OOOCHOBBIBAETCS TEOPETUUECKH. XOJ M3MEHEHUS OTHOIICHHS
KO3()(UIIMEHTOB CONPOTHBICHUSI CMECEHl YMCTOW BOABI MPOMCXOIUT CIEAYIOIIUM 00pa3oM: cHauaia

yBeanuenue kodduuuenra C npusoaut k ymenpwennto f o/ f, <110 HekoTOpOro MUHUMaNbHOrO 3HAYCHHUS.

Jlaree 0HO HAYMHAET BO3PACTATh 10 SAMHUIIBI M OOJIBIIE

KiioueBble cjoBa: TypOyneHTHOCTh, AUMDY3USA, KHUAKOCTh, KOIQGUIMCHT COMPOTHBIICHHUSA,
MyJIbCAl[HOHHAs SHEPTHS.
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