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Purpose. Development of a model that describes the relationship of parameters characterizing the operating mode of the spiral
classifier with the particle size distribution of the ore product in the classifier discharge to increase the efficiency and accuracy of
controlling the process of enrichment of iron ore raw materials.

Methodology. Theoretical studies were based on classical models of separation of the classified material and justification of the
parameter, characterizing the granulometric composition of the classified material in the classifier discharge, which can be calcu-
lated in the framework of the general theoretical model with subsequent control calculations. Methods of analysis, synthesis, sys-
tematisation and generalisation, and mathematical model method were used.

Findings. Dependencies are obtained that make it possible to calculate the parameter characterizing the particle size distribu-
tion of the product in the spiral classifier discharge by the observed parameters of the enrichment process of the classified product.

Originality. For the first time, a model for the separation of classified material in spiral classifiers is substantiated and the influ-
ence of the temperature of the separation medium on the classification process is shown.

Practical value. The results can be used to automatically stabilize the particle size distribution of the product in the discharge

of the spiral classifier.
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Introduction. For many years, spiral classifiers have been the
main aggregate that ensures the separation of ore material in the
first stage of iron ore processing at ore-dressing plants. Their
main function is the separation of particles in ore sands by size. A
large class of particles (sand) is sent for re-grinding, a small class
— in the discharge of the classifier. Mechanical constructions, in
particular, spiral ones, classifiers have been worked out, and the
theoretical foundations for classifying materials in them (separa-
tion in a vertical stream or in a horizontal liquid stream) are de-
scribed [1, 2]. Nevertheless, there are no somewhat acceptable
theoretical models linking the parameters characterizing the
classification process with the particle size distribution of the ma-
terial in the classifier discharge. The complexity of creating such
models lies in the fact that, by transporting sand, the strokes of
the screw of the spiral classifier create, firstly, large-scale turbu-
lence in the pulp, i.e., both ascending and descending flows in
the pulp, and, secondly, move water from drain threshold in the
direction of unloading sand, i.e. in the horizontal direction there
are flows both in the direction of discharge and from it. In this
regard, the processes occurring in the spiral classifier do not fall
under any classical model of separation of the classified material.
The absence of such models does not allow us to control the
separation process in a spiral classifier with any predictable ac-
curacy, or to respond to controlled disturbances of the grinding
process of the first enrichment stage in a timely manner.

Literature review. Currently, the drain density of the spiral
classifier is its main characteristic that determines the separa-
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tion mode [3, 4]. Traditionally, density is controlled by sam-
pling followed by weighing. In sections equipped with an auto-
matic process control system, the classifier drain density is cal-
culated on the basis of the balance of material flows or is con-
trolled by density meters [4] in real time. Currently, granulome-
ters [5], which allow automatic control of the particle size dis-
tribution of the pulp stream of technological processes of grind-
ing and classification, are becoming more widespread. There is
positive experience in using these devices in industry to stabilize
the separation characteristics of a spiral classifier [6].

Work is underway to identify the weighted average size of the
sands of the spiral classifier using a magnetoelectric system [7].

At the same time, as shown by studies of the dynamic
characteristics of the enrichment process [8], the enrichment
section is a very inertial object. Reducing the time of the tran-
sition process in such objects is achieved through the distur-
bance control. The implementation of a disturbance control to
stabilize the particle size distribution of the spiral classifier
drain requires a model linking the main parameters of the
separation process in the spiral classifier with parameters of
the particle size distribution process of the drain.

The problem of creating models for complex technical sys-
tems is not new. This problem is considered, for example, in
[9, 10], but it is not possible to directly use the research results
presented in them to solve the problem posed [11]. Alterna-
tively, the control of complex technical systems can be carried
out on the basis of using various states of the system (operating
modes of objects) from the database [12], however, with a
large number of states. But this way does not provide correct
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identification of the current state. In [13], the model of a com-
plex technical system is presented as a set of relatively simple
models, with cross and non-linear relationships. But for the
case of a spiral classifier, there are only a number of empirical
formulas that do not reflect the principles of separation of the
enriched material in this classifier.

Unsolved aspects of the problem. Summarizing of forego-
ing general problem, one can conclude that there are currently
no models describing the relationship of mode parameters of
the spiral classifier with the granulometric composition of the
ore product in the plum. The solution of this problem is an
integral part of the general problem of controlling the iron ores
enrichment process to obtain minimum specific costs for ob-
taining a concentration of the given quality.

Purpose. In this article, the goal is to develop a model of the
separation process in the spiral classifier in the way to link the
parameter of granulometric composition of the spiral classifier
drain with the main parameters of the separation process in it.
Such a model is necessary to increase the dynamic accuracy of
stabilization of the particle size distribution of the spiral classi-
fier discharge under the influence of controlled disturbances on
the classification process due to the formation of control actions
that compensate for the influence of technological disturbances
on the particle size distribution of the discharge.

Methods. The solution of the problem of constructing a
model of the separation characteristic of the spiral classifier in-
volves the following sequence of the research. At the first stage
of the research, it is necessary to determine which of the two
classical models of separation of classified material should be
used to solve the problem. At the second stage of the research,
a parameter is selected that, on the one hand, characterizes the
granulometric composition of the classified material in the dis-
charge of the classifier, and, on the other hand, can be calcu-
lated within the framework of the general theoretical model
justified at the first stage of the research. The development of a
separation model of a spiral classifier ends with a numerical as-
sessment of the influence of the separation process parameters
in the spiral classifier on the parameter of the particle size dis-
tribution of the classified material in the classifier drain. The
assessment will be carried out on the example of the 2KSN 30
x 125 spiral classifier [ 14] and the data from the automatic pro-
cess control system of the section of the first enrichment stage
where a classifier of the indicated type is installed.

Results. Regardless of the location of the discharge points
of the pulp and the water supply to the spiral classifier, spirals
carry out the surge of water towards the place of discharge of
sand. The volume of water moved by the spirals in the direc-
tion of unloading the sands significantly exceeds the total vol-
ume of water and pulp entering the classifier. This makes it
possible to present the movement of water toward the dis-
charge of the classifier in the form of a simplified model shown
in Figure, @). The main objective of this model is to determine
the main direction of water flow into discharge place and, ac-
cordingly, the basic mechanism of particle separation in a
horizontal or vertical flow.

The balance difference between two counter-currents is
determined by the volume of pulp Oy  entering the discharge
of the classifier and is represented by streamlines in Figure, a
and calculated by the formula (Gorelov, Yu.V., Gorelo-
va, L.S., Gorelova, D.Yu.)

QVcl_khd V B H3/2

where B, is the width of the discharge stream (the width of the
trough of the classifier for the discharge); H, s the pressure over
the crest of the drain; k;, 4 is a hydraulic discharge coefficient.

Then we have
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Fig. Structure of the water flow of the discharge of the classifier:
a — the structure of the water flow in the trough of the classifier;

b — the structure of the water flow in the discharge place of the
classifier

Consider an elementary stream of water with a “thickness
(height)” tending to zero.

If the elementary stream is located at the level of discharge
or higher, then its length /,, is equal to the length of the trough
at the level of discharge of pulp /,

les = lp/.

In turn, the length of the trough in terms of the level of
pulp discharge can be related to the values depicted in Figure,
a) as follows

l

pl = lpr + lpda
where /,, is the length of the pulp mirror from the drain to the
bottom of the classifier trough; /,, is the length of the pulp mir-
ror from the bottom of the trough of the classifier to the cross
section of its maximum depth; /,, is the length of the pulp mir-
ror from discharge to the section of its maximum depth.

Let the ordinate of the elementary stream in the cross sec-
tion x = /,, be equal to y,.

Then the length of the elementary stream /,,, can be esti-

mated as
l, —\/ h yes \/

where £, is the maximum pulp depth in the classifier trough.
We accept the hypothesis that for elementary streams of
the flow the statement is true that

h yes ) (1

l,s - v,s = CONSL, 2)

where v, is the velocity of the elementary stream.
Water flow Q,, 4 through the section x = /,, can be calcu-
lated as
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where v, is the velocity of the basic elementary stream, i.e.
stream with y > h,,; B, is the classifier trough width; H, is the
height of the pulp level above the level of discharge of the clas-
sifier.

Based on (2) for the velocity of an arbitrary elementary
stream, we can write

Ies *Ves = lpt * Vesbs (4)

whence, after substituting (1) in (4), we have

ves y Vesb * pl (5)
i+l =) |

After substituting (5) in (3) we have

Ooia :Bd'Vesb'(Hd”p/‘JQ d);

Pt

RS [ R R e

Then the rate of movement of the pulp in the upper layer is
equal to

thfd .
B, -(Hd 1, -JQM)

Vesvp =

The consumption Q, y of horizontal flow discharge of the
classifier will be equal to

1
Op 11 =Vew By H,=

1+

/ ' thfd .

0,
H,

Accordingly, the flow of pulp through the drain from the
trough Q,, , will be equal to

thit = thfd - thfH-

The calculation of the proportion of the horizontal flow
consumption in the total flow consumption of the drain carried
out for the operating modes of the 2KCH 30 x 125 classifier
showed that the ratio Q /0O, _gliesin the range 0f0.01—0.025.
This leads to the conclusion: the main flow of water into the
drain comes from the inner layers of the classifier trough.
Therefore, the basic mechanism for separating particles of dif-
ferent sizes in a spiral classifier is separation in an upward flow.

Consider the structure of the stream directly in the dis-
charge area. Figure, b) shows the structure of such a stream for
discharge with a thin wall (from the book by I.1. Agroskin,
G.T. Dmitriev, F.I. Pikalov). This type of discharge is closest
to the type of discharge for the spiral classifier, and, if neces-
sary, the drain spiral classifier can be easily modified to fully
match the drain with a thin wall.

The lower streamline can be approximated by a parabola
with a vertex at point {x,=0.27 - H;; y,=0.112 - H;}. The equation
of such a parabola passing through point {x,, = 0; y,,= 0} corre-
sponding to the upper face of the drain will be sought in the form

y=a+b-(x-c). (6)
The coefficients of such a parabola are
a=y,=0.112-H,
=x,=0.27-H, .
2
b=y,, —yb/(xbd -x,) =-1.536/H,

Then equation (6) takes the form

=(0.112-10.536 - (x/H,—0.27)%) - H,.

The derivative that determines the direction of the velocity
vector is

9
%:73.072.(x/11d ~0.27).

From here you can determine the direction of the velocity
vector at point {x,4 = 0; y,,= 0}. This is the angle of its inclina-
tion to the horizontal: ¢,

@pg = arctg 0.82944 = 39°20'.

Then the vertical vy , and horizontal vy4 , components of
the velocity at point {x;, = 0; y,, = 0} are related by

Vod v = Vod_g * 18 Ppg- (7

Since the vertical speed changes under the influence of
gravity from w4 , at point {x,;; ¥, to zero at point {x;; y,},
then, given the fact that the rise height above the level of the
drain edge at point {x,; y,} is 0.668 - H, (Figure, b)) it is fair to
write

Vo =0.473\[g- H,. (8)

Thus, the vertical component of the fluid velocity at the
point of contact of the stream of the discharge edge is unique-
ly determined by the discharge pressure.

The horizontal component of the drain rate can be deter-
mined from (7) after substitution of (8) into it and solution

regarding v , Vg 4
Voa o =0.57-\Jg-H,.

As an indirect assessment of the fractional composition of
the classifier drain, it is proposed to take the diameter of a solid
particle located on the edge of the drain edge, in which the ver-
tical component of the flow velocity is balanced by the fall speed
ofthe constrained particle in a polydisperse medium (pulp) v,,,..
As v, in our case, v,4 , calculated according to (8) is assumed.

The relationship between the equilibrium velocity of the
hindered falling of particles in the pulp and the speed of the
free fall of particles in a liquid v, is described by the Godain

formula
=3 (13013 (1, )-(1-257,).

where 7, is solid pulp volume
Vo= (pd - pw)/ps ~ Pw»

where p; is the density of the solid in the sink; p,, is the density
of water; p, is the drain density.

vf,=vmn/((l—{/E)-(l—yp)-(l—liyp)). o)

The free fall of a particle with a diameter d,,, in a liquid is
obtained from the equilibrium condition
n-d’ n-d?, v
Ji
O

where C), is the frontal resistance coefficient.
From which we have

d,,=0.75-Cy-(v} [g)-(p,/(ps—pu))-  (10)

It should be noted that the flow in the drain is partly turbu-
lent in nature and the particle in the drain has a swirl move-
ment, along with the translational vertical and horizontal
movement. The consequence of this is the uniform flow of
water around the particle and the possibility of applying the
Stokes formula to calculate the drag coefficient
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Cp=24/Re. (11)
Reynolds number is calculated as
Re = Pw - d[lrt . Vfr/“’w: (12)

where p,, is the coefficient of dynamic viscosity of water, which
depends on the temperature of the water. This dependence can
be described by the Poiseuille formula.

Equating v,q , t0 v, and solving (9—12) relatively to d,,,,
we obtain an indicative value of the particle diameter d;,4 4 for
assessing the fractional composition of the solid in the dis-
charge of the classifier

1
.06
kdid QV701
1 bl

((Ps —PW)'A,'By .Cy)i

where ky 4 is the drain design coefficient

dindfd =

2.7541 1.287
ko= z K

1
(g2 'khid 'Ba’)g (khfd B, )g

A,, B,, C, are coefficients of the Godain formula
2
_ 3
AY — 1 [ pd pw j ;
Ps =Py
BY :(] b _pw}
Ps =Py

cyz[l—z.s.pd_pWJ.
Ps =Py

Several modifications of formula (13) are possible depend-
ing on the variables taken as the basic ones. So, for example, if
instead of the volumetric flow consumption of the pulp
through the drain, we take the solid mass consumption through
the drain Q,,p, then (13) will be written in the form

The density regimes of the classifier discharge were calcu-
lated for the density of ore p, = 3400 kg/m? and the density of
water p,, = 1000 kg/m?>. The water temperature in the discharge

of the classifier was taken equal to 0 =20°C.

The dynamic viscosity of water p,, is calculated by the ap-
proximating dependence (Poiseuille formula) as a function of
water temperature.

Table 1 shows the initial data of the modes for calculating
the indicative diameter of the particle size distribution in the
discharge of the classifier and its sensitivity to parameter varia-
tions from the right-hand side of (14).

The results of calculating the absolute values of sensitivity
(derivatives) for the studied density modes are given in Table 2

The influence of disturbances can be estimated by compar-
ing them with the maximum values of the relative changes in the
density parameters of the classifier drain and the indicative par-
ticle diameters in the classifier drain for the enrichment regimes
presented in Table 1. They amounted to 12.68 and 26.09 %, re-
spectively. This indicates that these parameters should be di-
rectly or indirectly taken into account for setting up and manag-
ing the enrichment regimes of the first stage. At the same time,
the indicative particle diameter in the classifier discharge should
be taken as the main tuning criterion, since it more fully charac-
terizes the separation mode of the spiral classifier.

It should be noted that the density of the drain of the classi-
fier should be adjusted depending both on the density of the rock
entering the enrichment, and on the temperature of the water in
the trough to stabilize the particle size distribution of the drain.

Conclusions.

1. Separation of particles in a spiral classifier is carried out
in an upward flow of water.

2. To assess the separation characteristics of the spiral clas-
sifier, it is advisable to take an indicative particle diameter that
corresponds to the diameter of the particles on the classifier
drain ridge, in which the impact of the vertical component of

Table 1
Parameters of the enrichment regimes of the first stage

1 z =y
1 = 7 7 %) %)
2 l_p p 6 - =} = 2R =
kdd'“?v'[QmP'W/sJ 8 505 50 ~ E‘g 22
_ Pd —Pw E s He E 873 2285 | dnam
d- = (14) =5 o~ 17 R~ ] @ == —_ E < '= -
ind_d L S5 | 8= g% 8257 PR
((ps=pu)-4,B,-C,)? 2E| 5255 | SgEL | 223
v JE | g e® S5 EP | a8e=E

Note that in the steady state, the solid mass consumption 9 1548 1639 64.101 0.001034
in the drain of the classifier is equal to the consumption of the 363 1364 1518 48 146 0.000782
ore mass entering the first stage of enrichment. p 6 P - 7 -

As you can see, the dependence of the indicative diameter, 355 1562 1652 4.568 0.001058
and, hence, the particle size distribution of the classifier drain, 584 1406 1445 46.998 0.000815
on the density of the drain is not unique. Therefore, an analy- 628 1375 1399 456 0.000784
sis of the sensitivity of the indicative particle diameter in the
discharge of the classifier to the parameters from the right side 899 1476 1464 28.931 0.000907
of formula (14) was conducted. 931 1483 1532 59.186 0.000929

Table 2
The sensitivity of the indicative diameter to a change in the parameters of the enrichment regime of the first stage
ad. ad. od. od. ad.
mode 4oy 10°m | L m/(Pa-s) | —4 m/grade. °C | "L m/(kg/s) | 24 m/(ke/m’) | 2L m/(ke/m?)
number - ou,, or,) mp op, oy
9 1.034 0.5139 —-0.012478 - 1073 0.002686 -1073 —-0.6296:10°° 0.0015932 -1073

363 0.782 0.3892 -0.009449 - 1073 0.002708 -10°3 -0.3189:10°° 0.0007749 -103

555 1.058 0.5260 -0.012771 - 1073 0.002729 -103 -0.6670:10°° 0.00168654 1073

584 0.815 0.4051 —-0.009835- 1073 0.002887 -10°3 -0.36168:10°° 0.00089937 1073

628 0.784 0.390 -0.009468 - 103 0.002865 -1073 -0.32672:10° 0.00079984 1073

899 0,907 0.45757 -0.0111096 - 107 0.00260127 -103 —0.47453-10°° 0.001199099 -10-3

931 0.929 0.46213 -0.0112203 - 103 0.00261588 <1073 -0.48676-10° 0.001230794 -103
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the upward velocity component on the particle is balanced by
the particle’s gravity.

3. A significant effect of the density of the classifier rock
and a noticeable effect of the temperature of the water in the
trough of the spiral classifier on its separation characteristics at
a constant discharge density have been established. To stabi-
lize the particle size distribution, the classifier discharge den-
sity should be adjusted depending both on the density of the
rock supplied for enrichment and on the temperature of the
water in the classifier trough.
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Mogenb po3aijieHHS YACTHHOK y CHIPAJIbHOMY
Kaacugikaropi
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Meta. Po3pobOka Mozelti, 1110 ONHUCYE B3aEMO3B’SI30K Ma-
paMeTpiB, SIKi XapaKTepU3yl0Th PEXUM POOOTU CITipaJIbHOTO
KiacudikaTopa, 3 TPaHYJIOMETPUYHUM CKJIAJOM PYIHOTO
MPOAYKTY Yy 3/MBi KiacudikaTopa Js MiIBUIIECHHS orepa-
THUBHOCTI 1 TOUHOCTI KEpyBaHHSI IIPOIIECOM 30aradyeHHsI 3ajTi-
30pYIHOT CUPOBUHU.

Metoauka. TeopeTuyHi AOCTIIKEHHS Oa3yBajluCs Ha
KJIACUYHUX MOJIEJISIX MOy MaTepiany, 1110 Kiacu@ikyeThes,
Ta OOTPYHTYBaHHsS TlapaMeTpa, 10 XapaKTepu3ye TpaHyI0-
METPUYHUI CKJIaJ 1IbOro MaTepiany y 3/IMBi KiacudikaTopa,
KU MOXe OyTH pO3paxOBaHUil y paMKax 3arajibHol Teope-
TUYHOI MOJIEJIi 3 HACTYITHUMU KOHTPOJbHUMU PO3paxyHKa-
Mu. 3aCTOCOBaHi METOAM aHaJli3y, CUHTEe3y, cCUCTeMaTu3allil
Ta y3araJlbHeHHs, MATeMaTUYHOTO MOJICIIOBAHHSI.

Pesynabratn. OTpuMaHi 3aJIeXKHOCTI, 110 JT03BOJISIIOTh
po3paxyBaTh MapameTp, SIKUil XapaKTepu3ye TpaHyJoMe-
TPUYHUU CKJIal MPOAYKTY y 3JIUBi CHipajdbHOro Kiacudika-
TOpa 3a IapaMeTpaMu, 10 CIIOCTepiraroThes y IMpolieci 30a-
TauyeHHSI TIPOIYKTY, IKWIA KITacU(DiKy€EThCS.

Haykosa HoBU3HA. YTiepiiie 0OTIpyHTOBaHA MOAEJIb MOALTY
Marepiaiy, 1110 KJacudiKyeTbcs y CriipaJbHUX KiacuikaTo-
pax, i moKa3aHo BIUIMB TeMIIEpaTypu cepeloBMIIA TTOALTY Ha
npotiec Kjiacudikariii.

IIpakTiyna 3HaumMmicTs. OTpUMaHi pe3yabTaTu MOXYTb
OyTM BUKOPMUCTAHI /ISl aBTOMAaTUYHOI cTadiiizallii rpaHyio-
METPUYHOIO CKJIaay MPOAYKTY Y 3JIMBi CITipaJlbHOTO KJIacu-
¢ikaropa.

KurouoBi cioBa: cnipanvuuil kaacughixamop, epedins 31u8y,
iHdukamueHuil diamemp, cenapayis

Mogneab pasaesieHdss YaCTUIl B CIMPAJILHOM
Kaaccudukarope

A. C. bewuma, B. H. Kysaes, U. K. Mnaodeukuii, H. B. Kysaes

HauvoHanbHbIil TeXHUYECKUIT YHUBEPCUTET «/IHEmpoBcKast
MoJINTeXHUKay», . JAHenp, YkpauHa, e-mail: beshtaa@nmu.
org.ua

Ilens. PazpaGoTka Momesn, ONMKMCHIBAIOIIEH B3aUMOCBSI3b
[MapaMeTpPoOB, XapaKTEPU3YIOLIUX PEXUM PaOOTHI CIIMPaib-
HOTO KJjaccuduKaTopa, ¢ TPaHYJIOMETPUIECKUM COCTAaBOM
PYIHOIO IPOOYKTa B CIMBE KjiaccuUKaTOpa IJIsl TOBBIIIE-
HMSI OTIEPATUBHOCTH M TOYHOCTHU YIIPaBJIEHMs IPOILIECCOM
000ralIeHNUS XKEIe30PYIHOIO ChIPhSI.

Mertoauka. TeopeTuyeckue ucClieoBaHUs 06a3MpoBa-
JIMCh HA KJIACCHYECKMX MOIEIISIX pa3ieieHusT KJIacCupUIn-
pyeMoro marepuajia 1 000CHOBaHUsI ITapaMeTpa, XapakKTeph-
3YIOIIETO TPAaHYJIOMETPUIECKUI COCTAB KJIaCCU(DUITUPYEMO-
ro Marepuajia B CIMBe KiacCUdHUKaTopa, KOTOPBI MOXET
OBITb PACCYMTAH B paMKaX OOIIIEi TEOPETUUECKON MOIETIH C
MOCJIEIYIOIMMU KOHTPOJIbHBIMU pacuetaMu. IlprMeHeHbI
METObl aHAJIN3a, CUHTE3a, CUCTEMATU3aLMU U 0000IIEHNS],
MaTeMaTUIeCKOTro MOIETMPOBaHUSI.

Pesymbrarpl. [lojydyeHbl 3aBUCMMOCTH, I103BOJISIOIIME
paccuyuTaTh MapaMeTp, XapaKTepU3YIOIIWil TpaHyJIOMETpH-
YECKMIi COCTaB MPOAYKTa B CJIMBE CIUPAIbHOIO Kiaccupu-
KaTopa 1o HabJio1aeMbIM TTapaMeTpam Ipoliecca oboraiie-
HMS KT1acCU(UIIMPYEMOTO IIPOAYKTa.

Hayunas nosusna. BriepBbie 000CHOBaHa MOJIENb pasfe-
JIeHUsT KIacCUGpULMPYEMOro MaTepuaja B CIUPAIbHBIX
KjaccuduKkaTopax M MOKa3aHO BIMSHUE TEMIIEPaTyphl Cpe-
IIbI pa3aesIeHus Ha IPoLece KiacCu(pUKaLIIM.

IIpakTHyeckas 3HAYMMOCTb. [loJTydeHHBIC pe3yJbTaThl
MOTYT OBbITb MCII0JIb30BaHbI Ui aBTOMATUYECKOM CTaOMIM-
3allMM TPaHYJIOMETPUYECKOTO COCTaBa IPOIYKTa B CIIMBE
CuUpajbHOro Kjiaccudukaropa.

KiioueBble ciioBa: cnupanvhulii Kaaccuguxamop, epedeHs
causa, UHOUKAMUGHbLI Ouamemp, cenapauyus
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