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EXPERIMENTAL RESEARCH OF A MULTISTAGE
GRAVITATIONAL CLASSIFIER

Abstract. The classification of polydisperse materials is widely used in many industries. Of the wide range of
classification equipment, the most promising are multistage gravitational classifiers. The classification process in
multistage gravitational classifiers is quite complicated and requires the necessary experimental research to ensure
the given efficiency. To receive reliable information allowing to obtain the most effective recommendations for their
structure and use, a set of experimental research was carried out. The research results showed that multistage
classifiers of small sizes provide a consistently high quality of separation, however their performance, for an
apparatus with a cross section of 80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot
be used for most production processes. Classifiers with higher performance must have significant sizes. It is
advisable to use multistage shelf classifiers with boundary separation sizes of 0.5-2 mm. With aboundary size of less
than 0.5 mm, a steady decrease in the separation efficiency is observed, and with a boundary size of the order of
0.05-0.1 mm, the classification efficiency decreases sharply. With an increase in the boundary separation grain of
more than 2 mm, a decrease in the classification efficiency is also observed (figure 1). The experiments to determine
the separation efficiency in the modernized and conventional structures of classifiers in the separation of quartz sand
with particle sizes of 0-2 mm relative to the boundary separation size of dp = 1 mm showed the following. The
mutual arrangement of the efficiency curves shows that an increase in the separation efficiency for the modernized
classifier is up to 10% when the optimum, providing the highest quality separation, air velocity per section of the
apparatus is achieved. Similar results were obtained for other materials (sylvinite, meal, gypsum) for various
boundary separation sizes (from 0.5 to 2 mm). In general, the separation efficiency in the modernized structure of the
shelf classifier for various materials was 5-10% higher than in a conventional one. The experimental research of the
modernized classifier structure showed that the proposed structural additions, ceteris paribus, contribute to a more
uniform distribution of material over the working volume of the apparatus, which, of course, leads to an increase in
the quality of separation.

Key words: experimental research, gravitational classifier, multistage, separation efficiency, boundary sizes,
section, holes.

Introduction. The grinding and fractionation processes are widely used in many industries.
Currently, there are major trends in the development of milling equipment combining grinding and
fractionation [1-11]. It should be noted in advance that many researchers [12-18] were involved in the
development and research of multistage gravitational classifiers, monographs were written on this subject,
and several dissertations were performed. The available data describe in detail the effect of technological
and structural factors on the separation process. Thus, it was established that multistage classifiers work
quite efficiently with boundary separation sizes from 0.2 to 2-3 mm, while the concentration of the solid
phase should not exceed 2-2.5 kg/m3 of the carrier medium (air). There are empirical dependencies for
calculating the air consumption for classification depending on the size of the apparatus and the boundary
separation grain. The number of overflow shelves is usually taken 6-10, while the shelves are located at an
angle of 45° to the horizon, overlap the classifier section to its middle and the height step between the
shelves is taken equal to the width of the apparatus section. Compliance with these recommendations
allows achieving separation efficiency in laboratory models up to 90% [12-17]. At the same time, as
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already noted above, in industrial tests, the separation efficiency of multistage classifiers is significantly
decreased, which shows a significant influence on the separation process of the scale factor during the
transition from laboratory to industrial plants. In well-known and previously noted works, this factor is
practically not paid attention to, only some of them [12, 13] indicate that with an increase in the size of the
classifier, its efficiency decreases, however there is no quantitative assessment ofthis phenomenon.

Research methods. When determining the hydrodynamic parameters and the distribution of
dispersed particles of classification substances, standard methods of physicochemical research were used.

The experimental research of a gas-centrifugal classifier was carried out with the aim of:

a) testing the obtained mathematical model of the motion of a single particle in a swirling gas
medium;

b) determination of excess pressure on the inner wall of the perforated element;

¢) determining the boundary size of the particles passing through the perforation holes.

To study the scale factor influence on the separation of polydisperse materials in a gravitational
multistage classifier, several geometrically similar apparatuses with cross-section sizes of 80x80 mm,
140x140 mm, 200x200 mm, 300x300 mm were designed and manufactured. The results of these
experimental research on quartz sand with a particle size of 0-5 mm are presented in figure 1.

Research results. The obtained experimental data are presented in figure 1, 3.

Figure 1- Separation efficiency depending on the cross-sectional size of the classifier

Visual observations of the separation process carried out during the experiments showed the
following. When a coarse fraction was unloaded from the classifier, the material from the last inclined
shelf did not flow uniformly over the entire width of the shelf, however it was largely concentrated at its
edges, i.e. at the side walls of the apparatus. And the larger the cross-sectional sizes of the classifier, the
more this phenomenon manifested itself. This indicates that the material in the classifier’s working
volume is distributed unevenly, and as it moves down it may be pushed aside by the air flow to the
apparatus walls. In addition, the pulsating nature of the descent of the material flow from the last shelfwas
observed. The material was unloaded into the tank not by a uniform flow, but by pulsating, with sharp
discharge fluctuations. Naturally, with these phenomena, part of the starting material does not have time to
contact with the air, but simply falls down, as a result of which the large product is contaminated with
fines and the separation efficiency decreases.

Thus, it can be seen from the series of experiments that multistage classifiers of small sizes provide a
consistently high separation quality, however their performance, for an apparatus with a cross section of
80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot be used for most
production processes. Classifiers with higher performance must have significant sizes, and, therefore, as
the above research has shown, the separation efficiency will be low, which again complicates their
implementation in production.



News ofthe Academy ofsciences ofthe Republic o fKazakhstan

To solve this problem, in order to more evenly distribute the material over the cross section of the
apparatus, which should increase the quality of separation, some structural additions were made to the
existing classifier structure (figure 2).

The essence of these structural additions is as follows. After the rotary feeder, the perforated sheet
(item 2, figure 2) with the hole of do size 2 times larger than the maximum particle size in the material to
be separated was installed in the feeding tube of the classifier, which follows from the condition to prevent
clogging of the holes. Such a structural feature will allow to smooth out the pulsating nature of the
movement of the starting material supplied from the feeder. In addition, in order to more evenly distribute
the material already in the classifier’s working volume and prevent the material accumulation at the
apparatus walls, the inclined shelves located below the feeder were made with longitudinal slides (item 3,
figure 2). These slides prevent the material from moving in the cross direction of the inclined shelves.

To study the efficiency of structural changes introduced into the classifier apparatus, a series of
experiments was carried out to determine the separation efficiency of the polydisperse material into
fractions in the modernized structure, the results of which were compared with the separation efficiency in
the conventional classifier structure. Classifiers with cross-sectional sizes of 200x200 mm were used as
model classifiers, providing a feed capacity of 300 kg/h.

Figure 3 shows the results of experiments to determine the separation efficiency in the modernized
and conventional structures of classifiers in the separation of quartz sand with particle sizes of 0-2 mm
relative to the boundary separation size of 3rp= 1 mm.

The mutual arrangement of the efficiency curves (figure 3) shows that an increase in the separation
efficiency for the modernized classifier is up to 10% when the optimum, providing the highest quality
separation, air velocity per section of the apparatus is achieved. Similar results were obtained for other
materials (sylvinite, meal, gypsum) for various boundary separation sizes (from 0.5 to 2 mm). In general,
the separation efficiency in the modernized structure of the shelf classifier for various materials was
5-10% higher than in the conventional one.

1- feeder; 2 - perforated sheet; 3 - slides of the inclined shelves
Figure 2 - Structural additions made to the classifier apparatus

Thus, these facts confirm the opinion of many researchers that the separation quality in gravitational
classifiers largely depends on the uniform distribution of the starting material over the entire working
volume of the apparatus. Naturally, the larger the classifier, the more difficult it is to ensure uniform flow
of the medium and material, which, as shown by the above experimental data (figure 3), to a decrease in
the separation efficiency. Therefore, at high performance it is more expedient not to increase the size of
the classifier, but to partition several relatively small apparatuses into spacer blocks. This will allow to
achieve the required performance by setting the required number of sections, and the separation efficiency
will be as high as for single classifiers of small sizes.
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Figure 3 - Separation efficiency of classifiers

At the same time, visual observations of the separation process in the modernized classifier structure
showed that although it was possible to achieve a more uniform distribution of the material across the
width of the apparatus, however, there was still a pulsating character of the large fraction descent from the
last shelf, as in the case with the conventional classifier structure. The material from the feeder was
supplied in a uniform flow, due to the installation of the perforated sheet behind the feeder (item 2,
figure 2), and already at the exit from the classifier the material consumption was uneven, pulsating.

To study the causes of this phenomenon, windows were made in the side walls of the apparatus.
During the experimental installation operation, these windows were hermetically sealed with organic glass
plates, which allowed to visually observe the material movement during the classification process.

The observation of the classification process allowed to establish the following mechanism for the
distribution of the material to be separated in the working volume of the classifier, shown in figure 4.
Quartz sand with a particle size of 0-2 mm was used as a model material, the separation was carried out
relative to the boundary size of 3rp= 1 mm.

When the classifier is working, the starting material, falling down from the inclined shelf, experiences
the effect of an ascending air flow. Small particles, with a size smaller than the boundary, are picked up by
the air flow and carried upward (items 1, 2, figure 4). Large particles, with a size larger than the boundary,
overcome the resistance of the air flow and fall down (items 3-5, figure 4). Boundary-sized particles with
the same probability can be carried up into a small product, and fall down into a large one, depending on
the influence of many unaccounted or random factors (items 2, 3, figure 4).

Therefore, as can be seen from figure 4, there is a kind of “bombing” by large particles of the shelf
attachment area to the classifier wall. Moreover, the velocity vector of large particles is often directed
almost perpendicular to the surface of the next shelf (item 4). As a result of this, as the visual observations
have shown, a large fraction accumulates here, which was further confirmed by analysis of samples from
the material residues in the corners between the shelves and the classifier case taken when the
experimental setup was stopped. Upon reaching a certain amount of the material, this accumulation
abruptly breaks down, which explains the pulsating nature of the movement of a large fraction at the
classifier exit.

(1 - 5)- various size particle movement trajectories
Figure 4 - Various size particle movement in the working volume of the classifier
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It would seem that the inclination angle of the shelves is large enough (45°) so that the material slides
down, in fact the friction coefficient of various materials on steel is lower than unity for most materials
(from the condition that the body is at rest on an inclined surface, it follows that the friction coefficient
should be equal to the tangent of the inclination angle of the surface). However, it should be appreciated
that the fact that particles falling into the angle between the shelf and the classifier wall are pressed to
some extent by the ascending air flow and, in addition, are pressed to the shelf by the following layers of
material. All this complicates the movement of the material down, therefore, its accumulation occurs
despite the structural conditions of unhindered sliding down the inclined shelf.

The processing of the experimental data for the group of materials studied allowed to obtain a
dependence for determining the air velocity over the classifier cross section, which provides the most high
quality separation

W =053e, -p0G 1)

T

where Vam —particle staying velocity, m/s; p 4 —density of the material to be separated, kg/m3.

The dependence (1) is in good agreement with the methods for calculating the air velocity proposed
by other researchers [2, 6], which are based on the choice of gas velocity W in the apparatus within

W <W<WK5 (2)

K 1
where W, 1 — velocity of the required fraction pneumatic transport start, m/s; W, . — velocity, the

excess of which leads to a sharp increase in the intensity of the removal of a large fraction into a small
product, m/s.

Conclusions. The obtained experimental data (figure 1) allow to draw some conclusions:

1. It is advisable to use the multistage shelf classifiers with the boundary separation sizes of
0.5-2 mm. With the boundary size of less than 0.5 mm, a steady decrease in the separation efficiency is
observed, and with the boundary size of the order of 0.05-0.1 mm, the classification efficiency decreases
sharply. With the increase in the boundary separation grain of more than 2 mm, the decrease in the
classification efficiency is also observed. The reason for this is that in order to rise sufficiently large
particles into a small product, significant air velocities in the classifier are required (in order to rise into a
small product particles of quartz sand with a size of 2 mm and a density of 2000 kg/m3, the air velocity per
section of the apparatus is 7.8 m/s). At high air velocities, the hydrodynamics of the flow of medium and
material are disturbed, random turbulent pulsations and turbulences occur, which negatively affect the
separation performance. In addition, large particles moving down into a large product can entrain smaller
particles, which also reduces the separation efficiency.

2. With the increase in the size of the classifier’s cross section, ceteris paribus, the separation
efficiency decreases. If a laboratory classifier with the cross section size of 80x80 mm provides
the separation efficiency of up to 90-92%, then for an industrial sample with the cross section size of
300x300 mm, it does not exceed 65%. The reasons for this, according to many researchers [12, 13, 20, 21,
22], is that in multistage classifiers (as, indeed, in any other gravitational apparatuses) with significant
geometric sizes it is very difficult to uniformly distribute the material over the entire volume of the
apparatus and also organize a stable air flow velocity field, avoiding various random pulsations, vortices,
circulations, and other similar phenomena that occur during the movement of gases or liquids.

Thus, the experimental research of the modernized classifier structure showed that the proposed
structural additions (figure 2), ceteris paribus, contribute to a more uniform distribution of the material
over the working volume of the apparatus, which, of course, leads to the increase in the quality of
separation.

The material accumulations falling down from the inclined shelves violate the classifier’s
hydrodynamics, limit the contact of particles with the air flow, as a result of which the quality of
separation in industrial installations is reduced in comparison with laboratory models, where the above
phenomenon manifests itselfto a lesser extent.

In order to improve the quality of separation, theoretical research of particle movement in the working
volume of the classifier were carried out, aimed at studying the mechanism of accumulation of material
particles on the inclined shelf and eliminating the causes of this phenomenon.
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KON KACKALTbI TPABUTALVANBLL,
KNTACCNDPUNKATOPAbI SKCMNEPUMEHTANIOBLL, 3EPTTEY

AHHOTauusa. TlMonuaucnepcT MaTepuangapablH  OKIKTeNyi  eHepKacinTiH - KenTereH cananapbiHia —KeHiHeH
uonfaHbiagbl. KnaccnmkaumsbIL, xababILThiH Y/IKEH LLeH6epiHEH Ken KackaATbl rpaBuvTaLusibil, Knaccudukaropiap
Heryp/ibIM nepcreKkTuBasibl 60/bIN Tabbliaabl. Ken KackaATbl rpaBUTaLmsIbIL, KraccuiukaTopiapharb! Xikrey npoLec
eTe KYpgeni 6onbin Tabbuiagbl X3He 6GepinreH TWIMAINIKTI uaMTamMacbi3 eTy YLUiH LakeTTi Taxipmbenik 3epTreynep
XYprisygi Tanan etegi. Onapabl LypacTbIpy »k3He naiiganaHy 60iibIHLIA HEryp/ibIM TUiMAI YCbIHbICTap anyra MYMKIHAIK
GepeTiH LWbIHalbI aLapar ay MaucaTbiHAA SKCMEPUMEHTTIK 3epTTey/ep Kellell eTKisingi. 3epTrey HITWDKenepi WarbiH
efempi KernkacKadTbl XKIKTerilmep 6eniHyfiH TypauTbl »orapbl caracbiH LaMTamacbl3 eTEeTiHIH TepceTn, anaiga
onapabIH eHiMainiri 80x80 Mm UmMackl annapat YiuiH 100 Kr/car apTbll, eMec, 601MaLLbl, OCbIHbIH CasifapblHaH KerTereH
engipicTik Y/epictep YLWiH onapabl naviganaHyra 6onMaiigbl. OHIMAINITT aHaryp/ibIM Xorapbl ¥OKTenwTepaL, easyip
Meniepnepi 6oybl TwIC. KenkackaaTbl cepenik >Xikreriwtepai 6enygiH wekapanbiy, enwemi 0,5-2 MM 6onraH Kesge
naiifanaHy OpbHAblL Llekapa Menwepi 0,5 MM-geH KeM 6onraH Kesge 6Geny TWMAbINHLY Gy/DKbTNa TeMeHeyi
6ariuanagbl, an wekn Menwepi 0,05-0,1 MM 6onraH Kesge XoKTey TUIMAINIri KypT TemeHaenai. beniHyaiH Liekapanbi,
acTbIrbl 2 MM-[IeH apTbil, yArailraH Kesfe XXikTey TwmMablnHu, TemeHaeyi 6aiuanaabl (1-cypeT). dip = 1 MM 6enygiH
LeKapa/bil, enwemiHe UaTbicTbl 0-2 MM GenwekTepi 6ap KBapy, UyMblH 6eny KesiHAe KriaccumKkaTopnapabH
YKaHIrbIPTbUIraH X3He K3fiMri KOHCTPYyKUMsiNapbiHaarbl 6ey TUIMAINIFiH aHbIuTay 60MbIHLLIA SKCMEPUMEHTTEP MblHaHbI
KepceTTi. TUIMAINIK UCbIMbIHbIH €3apa OpHaacybl XXaHrbIPTbUIraH XikTeyilwTep YiuiH 6eny TwMAbINHLL, ecimMi OHTalAsbI,
Heryp/bIM canasbl 6enyi LamTamachi3 eTeTiH annapaTTbiH LyMackiHa aya XbUigaMmabIrbiHa XXeTkeH Kesge 10 Y%-ra feiiH
LypaiiTbiHbIH KepceTepi. ¥ucac HaTvkenep 6acua matepvangap YLiH anbiHAbl (CUWILBUMHWT, ipi TapTbliraH YH, rvnc) sp
TYpni wekTik 6eny menwepi ke3wge (0,5-TeH 2 Mm-re geitiH). TyTacTai anraHga, ap Typ/i Matepuvangap pTLU Cepenik
YKIKTETILLITIH XXaHrbIPTbUIraH KOHCTPYKUMSICbIHA 6eny TuiMginiri sgeTTeri Mateprangapra uaparaHga 5-10 %- ra »xorapbl
6ongbl. YKrkTeyblTLl, aHrbIpTbUraH KOHCTPYKUMACHIHBIH 3KCTMEPUMEHTTIK 3epTTeyriepi YCbIHbUITaH KOHCTPYKTUBTIK
TOMbIUTLIPY/IAP e3re e TeH >karfalinapga annaparTbiH XyMbIC KeneMi 60ibIHLLIA MaTepuanibl Oipkenki 6enyre biunan
eTeTiHIH KepceTTi, 6y, apuHe, GeniHy canacbHbIH apTybIHa a/lbIn Keregj.

TyLWH ce3nep: 3KCrMepyMeHTaabl 3epTTeynep, rpaBUTaALMSIbIL, KTacCUUKaTop, KemnkacKafaTbl, Geny TuimMginiri,
LLIeKapasbIL, e/LLIEMAEP, LM, TECIKTEP.
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3KCIMNEPUMEHTAJIbHbIE NCCJ/IEAOBAHUA
MHOIMOKACKALHOIO rPABUTALVOHHOIO KNNTACCUNPUNKATOPA

AHHOTauusA.  Knaccuukaums MonAMAUCTIEPCHBIX MaTepUasioB  LLUMPOKO MCMOMb3YETCA BO MHOIMMX  OTPacisx
NPOMbILLIEHHOCTU. 13 60/1bLIOr0 Kpyra KiaccuKaLmoHHOro 06opyaoBaHms K Hambosee MepcrneKTMBHBLIM OTHOCATCS
MHOMOKaCKaJHble FpaBUTALMOHHbIE KaccutmkaTopbl. [pouecc KnaccuuKauym B MHOTOKACKafHbIX FPaBUTALMOHHBIX
KnaccuimkaTopax SBAsieTcs [0CTaTOMHO CMIOKHBbIM M TpebyeT MpOBeAeHNS HEOOXOAUMbIX  3KCMEPUMEHTa/TbHbIX
UCCNeaoBaHWiA, YTOObI 0GECMeYnTb 3afaHHYH 3heKTMBHOCTL. C Le/bo MO/yYeHWst [OCTOBEPHOW MHGopMaLn,
No3BONSAIOLLE/ MO/yUnTb Hambonee 3hdeKTVBHbIE PEKOMEHAALMM MO WX KOHCTPYMPOBAHUKO M WCMO/Mb30BaHUKD Obin
NpoBeAeH KOMI/IEKC 3KCMepUMEHTa/IbHbIX UCCNefoBaHUA. PesynbTaTbl UCCef0BaHWA NOKasann, YTO MHOrOKackagHble
KnaccumkaTopbl HeboMbLUMX pasMepoB  06ecreumBaloT CTabW/bHO BbICOKOE KAueCcTBO pasfefieHnsl, OfHako KX
NpPOV3BOAUTENLHOCTL /1 annapaTta cedeHneM 80x80 Mm He Gonee 100 Kr/4 He3HauMTeSlbHa, BCMEACTBME Yero Afs
60/TbLLIMHCTBA MPOU3BOACTBEHHbIX MPOLECCOB OHM He MOFYT GbMb MCM0Mb30BaHbl. KnaccudmkaTopbl ¢ 60/1ee BbICOKOWA
NPOVU3BOANTESILHOCTBIO  I0/DKHBbI  UMETb  3HAYMTESbHbIE  pa3Mepbl. MHOroKacKafHble MOIOYHbIE  K/ACCUMKATOpbI
LienecoobpasHo Mcnosb3oBaTh NPW MPaHUYHBLIX pasMepax pasgeneHus 0,5 - 2 MM. [pu rpaHUYHOM pasmepe MeHee 0,5 MM
HabHOAAETCH HEYKITOHHOE CHIDKeHME 3(heKTUBHOCTW pasferieHnsi, a mpu rpaHMYHOM pasmvepe nopsigka 0,05 - 0,1 Mm
3thheKTVIBHOCTb  KnaccMiuKaLyn pe3ko nagaet. Mpy yBEMYEHWN TPaHUYHONO 3epHa pasfernieHust 6osiee 2 MM Takoke
HabnogaeTcs (PUCYHOK 1) CHbKeHMe 3thpeKTUBHOCTU KnacCutKaumn. SKCMepUMEHTbI MO onpeaeneHnto apheKTUBHOCTH
pasfeneHust B MOAEPHU3NPOBAHHOM N 06bIMHOM KOHCTPYKUMSIX KMacCUMKaTOpoB NpY pasfesieHn KBapLEeBOro rnecka c
pasvepamuy Yactul, 0 - 2 MM OTHOCUTE/NTBHO FPaHWMYHOro pasMepa pasgeneHns dip = 1 MM nokasanm criefytollee. BavmHoe
pacrnosiokeHne  KpvBbIX  3(hPEKTMBHOCTM  MOKa3bIBaeT, UTO  MPUPOCT  3(DhEKTMBHOCTW  pasfenieHust s
MOJEPHM3MPOBAHHOIO  KnaccumkaTopa coctaenser A0 10% npu  JOCTVXKEHWM ONTUMa/IbHOW, 0BecriedmBatoLLeii
Hanbonee KauyeCTBEHHOe pasfefieHne, CKOPOCTW BO3fyxa Ha CeyeHue annapara. AHaorMuHble pesynbTatbl ObUn
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rnoslyyeHbl J/1s ApYrUX MaTepuasioB (CWIbBUMHWT, MyKa FpyGoro momosia, Fvnc) Mpu pasfiMyHbIX MPaHWYHBIX pasmepax
pasgeneHust (0T 0,5 [0 2 MM). B LenoM, aththeKTUBHOCTL PasfenieHns B MOAEPHM3UPOBAHHON KOHCTPYKLMW MOJSI0UHOIO
KnaccugvkaTopa As pas/iuHbIX MaTepuasioB 6blia Ha 5- 10 % Bbile, YeM B 00bIYHOW. SKCrmepyMeHTasbHbIe
NCCNEAOBAHNS MOAEPHU3MPOBAHHOM KOHCTPYKLMM KraccudmKaTopa Mokasasi, UTO Mpe/IoKeHHble KOHCTPYKTVBHbIE
[OMOSMHEHNST NP MPOYMX PaBHbIX YCMOBMSIX CMOCOGCTBYHOT G0siee paBHOMEPHOMY Pacrpefe/ieHnio MaTepuana o
paboueMy 06beMy annapara, YTo, eCTECTBEHHO, MPVBOANT K MOBbILLEHMIO KAUeCTBa pPasie/ieHus.

KntoueBble Cf1oBa: 9SKCMepUMEHTaNbHbIE WCC/IEA0BaHNS, TPaBUTALMOHHBIA KnaccUKaTop, MHOFOKacKafHbIN,
3(htheKTUBHOCTb Pa3ae/ieHust, rpaHNUHbIe pasMepbl, CeUeHe, OTBEPCTYAS.
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