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Abstract. Process of gravitational treatment of granular materials in the pulp horizontal flow is
accompanied by bearing stream flowing within differently inclined surfaces and by downstream of
condensed pulp. In the article, method for calculating design parameters of horizontal classifier is
validated, which is based on construction of trajectories of solid particle motion.

For this purpose, process of liquid elementary particle moving in the flow is considered.
Trajectory of the liquid elementary particle or solid particle motion is constructed by determining
the particle current coordinate in accordance with the Lagrange method. Trajectory of solid particle
motion in characteristic sections of horizontal classifier is constructed with the help of expressions
for calculating values of sedimentation depth increment.
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INTRODUCTION

Separation of clay and oozy particles from feeding is traditionally fulfilled in
gravitational apparatuses with horizontal motion of carrying flow: horizontal
classifiers, spiral classifiers, desludgers, horizontal settlers etc. The prefferable
equipment allowing efficient separation of fine impurities of size less than 0,16 mm
Is horizontal hydraulic classifier. The scheme of flowing area of classifier is given in
fig. 1. The process of gravitational treatment of granular materials in horizontal pulp
flow features carrying flow being limited by surfaces of different inclination values,
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also condensed pulp flowing downwards within areas of separation, sedimentation
and flow. Substantiation of design parameters of horizontal classifier requires
development of a method, based on mathematical model of flow motion in classifier
flowing area, taking into consideration known models of flow speed distribution on
its depth.

FLOWING
AREA
2\

SEDIMENTATION

SEPARATION

Figure 1 - Scheme of flowinag area of horizontal hydraulic classifier

Rewiew of publications
It is known, that usage of hydraulic classifiers with horizontal flow is rational
during separation of granular material of size less than 2 mm [1-6]. Description of
liquid flow motion in a horizontal classifier is fulfilled using Euler equation for ideal
(non-viscous) liquid [7], [Bogomolov A.l., 1972]. Authors obtained mathematical
model of liquid flow in flowing area of horizontal hydraulic classifier and also values

of flow speed uy, uy, u, and acceleration g dt dt within typical segments

of the process. Obtained model is intended to describe the process of solid particles
sedimentation, accelerated by pulp carrying flow, also to obtaine rational parameters
of devices used for gravitational processing of granular materials.

The following designations are introduced in order to describe the process of
carrying media motion: Q,,Q,,Q,— productivities on pulp within areas of
separation, sedimentation and flow, m®hr; Q,.. — productivity on condensed pulp
within sedimentation area, m3/sec; by, hy— flow width and height in the initial
section of separation area, m; B,,, H ,— flow width and height in the final section of

separation area and the initial section of sedimentation area, m; b, , h, — flow width
and height in the final section of flowing area, m; «,,, S,— angles of flow expansion
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along O-Z and O-Y axes within separation area; «,, 5, — angles of flow narrowing
along O-Z and O-Y axes within flowing area.

1. Work purpose

Development of a method to calculate design parameters of horizontal classifier,
based on solid particles motion trajectories analysis within typical segments of
flowing area.

2. Material presentation

When a solid particle moves in carrying flow, it displaces about liquid, so
Uu=u-—v, as a result, liquid itself takes additional movement. [L. Prandtl, 1949],
[Kizelvater B.V., 1979] named the force, appeared during accelerated motion of a
body about liquid, hydrodynamic long-range action. Let’s assume, that flow moves
round a particle, in order to identify the mode of a solid particle intercation with
carrying media flow at speeds being typical for horizontal classifier (fig. 1). In this

ud .
case values of Reynolds number (Re=—) doesn’t exceed 30. It was set earlier, that
|4

irregularity of bodies motion about liquid doesn’t lead to their rotation or oscillation
in the given range, so they move without certain orientation [Kizelvater B.V., 1979].
Also it is known, that the mode is described by single curve if Re<30 for bodies of
different shapes, except disks [Kizelvater B.V., 1979]. Indeed, solid particles moves
by flow with low relative speed values v. Assume, that mode of flow around a
particle is laminar within 0,15...5 mm size range. Motion of solid particle relative
liquid for little Reynolds numbers (Re<1), i.e. laminar mode, may be described by

2
known G. Stokes equation [Kizelvater B.V., 1979] v, = g(pm18p| ) , Where p, —
1l
density of solid particle, kr/m®; p, — liquid density, xr/m3; 1 — dymanical viscosity,
kg/m-sec.

Given equation is appropriate when a solid particle falls in motionless liquid after
end of initial unsteady motion mode featuring by particle falling with acceleration,
I.e. after final speed has been achieved. It is obvious, that particle motion in
horizontal carrying flow refers to area of unsteady movement, when acceleration of
carrying flow influences sufficiently speed of a solid particle motion. We designate

2
d : : . : :
l:% and obtaine expression for relative speed of a solid particle and
y7i
accelerated liquid flow as the following equations system
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Vy = l[—d ux ];

dt
du
Vy ﬂ,( dty}

dUZ
Vz = ﬂ,[ dt}

We will obtaine expression for determination of solid particle absolute speed
knowing the flow speed value. Particle movement downwards accompanies by
additional influence of gravitationla forces, being taken into consideration by free fall
speed v, . So, absolute speed of particle equals

Uuy =Uyx — Z{dgtxj
qu Uy — i{dcl:ty} (1)

Ultz =Uz — [d§tzj+v2

It is obvious, that equations system (1) may be wriitten in the following
interpretation, having known experimental free fall speed values @ of a solid particle
in motionless water:

dt
Uay —uy —z[%’} @
Ullz =Uuz ﬂ[dﬂJ+ 0]

dt

We will use obtained earlier dependences for flow speed and acceleration as

components for equations u and ?j—l: [7]. We will obtain the trajectory of elementary

liquid volume or solid particle motion by determination of a current particle
coordinate value. It is necessary to note, that in this case determination of current
particle coordinates is interesting only in X-Z plane. For this purpose, let’s take into
consideration the process of elementary liquid volume movement within flow.
According to Lagrange method, current coordinate of a particle is a function of initial
coordinate and time [6]. Trajectory of liquid volume motion during flat motion is
described by system of equations x = f1(xg, zg,t);z = f2(Xg, Zg, 1)
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Known method takes into consideration liquid volume motion per time unit dt

with speed U :%;U 7 =%. Projection of current coordinate of liquid volume on
X, Z axes is described by system of the following equations: dx =U,dt;dz =U ,dt.
Solving given system in a plane, we will obtain ax = S—Z

X z

Knowing that coordinate z shows depth of particle sedimentation, and x gives the
projection of way length on O-X axis, current increment of particle sedinemtation
depth may be determined according to the expression

U
dz = —2 dx. (3)

X

Increment of particle sedimentation depth is calculated by substitution of known
expressions for determination of solid particle absolute speed (2), then

u, —/”L(d;tzj+w
dz= dx.

du

Knowing, that in accordance with research given in [7], flow speed for
sedimentation area is Uy, =tga,uy,, and flow acceleration is equal

du
dstZ =t9a, d—tx After substitution, we will obtain expression (3) in such a form:
du
tga Uy —tga , 4| —= |+ @
p X p dt
dz, = dx,, .
duy
Uy — A —=
dt

From here, current increment of particle sedimantation depth within separation
area will be equal

_ t9a pUuy, + o

dz dx

p UqXp P

Speed of condensed pulp motion within all section of sedimentation area has

constant value u,, = Bi [7], then increment of solid particle sedimentation depth

p
within sedimentation area is obtained from expression
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5 O
dz, =—2——dx,.
Uuy,,

We will obtaine expression

g Uuy, +o

dz,

dx,,

Uuy,

for description of solid praticles sedimentation, using recommendations of [7], same
to separation area.

Trajectories of solid particles motion may be calculated using expressions for
determination of increments of solid particles sedimentation depth values within
areas of separation and sedimentation, see example at fig. 2.

a b
1 — solid particles considering motion relatively liquid flow;
2 — solid particles without considering motion relatively liquid flow;
3 — liquid flow.
Figure 2 - Particles motion trajectories within areas of: a — separation; b — sedimentation

Trajectory is plotted only for separation and sedimentation areas, because here
the process of granular materials classification occurs. Weighed fine solid particles
are taken out classification process in flowing area, their trajectories plotting is out of
interest in this article.

As we can see at the figure, liquid and solid particles moves along different
trajectories already within separation area, solid particles being influenced by gravity
forces, considered integral in known experimental parameter — hydraulic size w.
Solid particles moves along curvilinear trajectories, besides difference in their motion
description is little due to low values of solid particles movement in liquid flow v,
together and without taking into consideration movement relatively liquid flow.
Sedimentation area features more linear trajectory of solid particles motion. It is
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typical, that difference in movenemt trajectories of liquid flow and solid particles
Increases.

Conclusions

It is rational to determine design parameters of horizontal classifier by analysis of
solid particles movement trajectories within typical segments of flowing part,
obtained by determination of current increment of solid particle sedimentation depth.
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Annoranus. Ilpouecc rpaBuUTAaMOHHON  TEpepabOTKM  3EPHUCTBHIX  MaTEpUAIOB B
TOPU30HTAJIBHOM IIOTOKE IYJIBIIBI CONPOBOXKIAETCS TEYEHUEM HECYIIETO IOTOKa B Mpenernax
Pa3HOHAKJIOHHBIX MIOBEPXHOCTEH, a TaAK)Ke OTTOKOM BHHU3 CTYIICHHOM IMynbIibl. B paboTe o0ocHOBaH
METOJl pacyera KOHCTPYKTHBHBIX I[apaMETpPOB TOPHU3OHTAIBHOIO Kiaccu(HuKaTopa, KOTOPHIiA
OCHOBAaH Ha MOCTPOCHHUH TPACKTOPUHU JIBH)KEHUS TBEPABIX YACTHII.

st 3TOr0 paccMoTpeH Mpolece NEPEMEILICHHs JIEMEHTAPHON YacTHUIbl KUJIKOCTH B COCTABE
noroka. IlocTpoeHue TpaeKTOpPUM JBHKEHUS JJIEMEHTAPHOM YaCTHIbl KUIAKOCTH WJIA TBEPHOU
YaCTULbl BBIIOJHEHO IIyTEM OIPEACNICHUs] TEKyIIeH KOOpAMHAThl YaCTULIl B COOTBETCTBUHU C
MeroaoM Jlarpanka. [1oyb3ysCh BEIpKEHUSIMU JI ONIPEICIICHUS 3HAUCHU I PUPAIICHUS TITyOHHBI
OCQXKJICHUS BBINIOJIHEHO IIOCTPOEHUE TPACKTOPUU JABUKEHUS TBEPAbIX YacTHL B XapaKTEpPHBIX
y4acTKaX TOPU30HTAILHOTO KiIacCu(pUKaTopa.

KiloueBble cil0Ba: TpaBUTALMOHHOE pa3felieHHe, Kilaccu(UKatop TrOpU30HTAIbHBIN,
TPAaeKTOPUS JBHKECHUS.

AHoranisa. [Ipouec rpaBiTaniiiHOoi NMepepoOKH 3EpHUCTUX MaTepialiB y TOPU3OHTAIbLHOMY
MOTOIIl MYJIBIH CYIPOBOIKYETHCS PYXOM HECYUOTO MOTOKY B MEKaxX PI3HOMOXMIMX MMOBEPXOHb, a
TaKOX BIJTOKOM JOHM3Y 3TyIIEHOI MyJiabnu. Y poOOTI OOIpYyHTOBaHHM METOA pO3pPaxyHKY
KOHCTPYKTUBHUX [apaMeTpiB TOPU30HTAJIBHOIO Kiacu(ikaropa, 3acHOBaHMH Ha MOOYIO0BI
TPAEKTOPIi PyXy TBEPIAUX YACTHHOK.

JUis 1bOTO PO3IIISHYTUH Mpollec MEepPeMIllleHHsS eNeMEeHTAapHOI YAaCTUHKU PIAMHM 1 CKJajl
noToky. [loOymoBy TpaekTopii pyxy €JleMEHTAapHOI YAaCTUHKH PIAMHH a00 TBEPIOi YaCTHHKU
BUKOHAHO HUISXOM BU3HAYEHHS KOOPAMHATH YAaCTHMHKHM Yy BIAMOBIAHOCTI 10 Meroay Jlarpamxa.
Kopucrytourich Bupazamu Jiisi OTpUMaHHS 3HAYE€Hb MPUPOLIEHHS INIMOWHU OCa/JKEHHS BUKOHAHA
noOyoBa TPAaeKTOpli pyXy TBEPAMX YAaCTUHOK Y XapaKTepHUX IUISHKAX TOPU30HTAJIBHOIO
Kkjacudikaropa.

KrouoBi ciioBa: rpasiTaiiiine po3/iieHHs, KjIacu(ikaTop TOpU30HTAIBHUNA, TPAEKTOPIS PYXY.
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