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Abstract

The report presents an innovative approach to increasing the efficiency of the working processes of drum-type
machines when implementing various technological processes for processing granular materials: granulation,
reactive process, mixing, grinding, washing, classification, rolling, drying and heat treatment. The results obtained
from the application of the established hydrodynamic effect of self-excitation of auto-oscillations of the granular
filling of the rotating drum chamber demonstrate the intensification, increase in productivity and reduction in
energy consumption of processes by increasing dilatancy and activating the passive part of the filling. This paves
the way for a new generation of drum-type machine workflows.
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Drum-type machines are a fairly common type of technological equipment and constitute a wide
class of multi-purpose machines. The widespread use of drum machines is due to a number of
advantages: high unit productivity, reliability, ease of operation, versatility, and cost-effectiveness.

Based on the International Patent Classification, 9 classes of patents for inventions can be
distinguished, corresponding to 9 main types of drum-type machines: B01J 2/12 Processes or devices
for granulating materials in rotating drums; B01J 8/10, B01J 19/28 Chemical, physical or
physicochemical processes moved by rotary drums; BO1F 29/60 Drum mixers; B02C 17/00
Disintegrating by tumbling mills; BO3B 5/56 Drum classifiers; B0O7B 1/22 Sieving, screening, sifting,
or sorting solid materials using revolving drums; B24B 31/02 Machines or devices designed for
polishing or abrading surfaces on work by means of tumbling apparatus. Rotary barrels; F26B 11/04
Machines or apparatus for drying solid materials rotating about a horizontal or slightly-inclined axis;
F27B 7/00 Rotary-drum furnaces. The most energy-intensive and common type of such machines are
tumbling mills.

The main disadvantage of drum machines is low energy efficiency. It is believed that the mechanical
efficiency of such processes is very low and is about 0.1-0.001%. This is caused by significant
dissipation, absorption and conversion into heat, of mechanical energy due to internal friction of the
granular chamber load. The mass fraction of the active part of the internal chamber filling is only 30-
45%.

A paradoxical feature of drum machines is the combination of extreme simplicity of design, on the
one hand, and extremely high complexity in describing the behavior of the processed medium, on the
other. The latter is caused by the effect on the working environment of both the vertical gravitational
and distorted centrifugal inertial force fields of rotation around the horizontal axis.

An innovative direction for dramatically improving the relatively low energy efficiency is the use of
the self-oscillating recycling process in drum-type machines of traditional design solutions with a
smooth chamber surface. Self-excitation of auto-oscillations allows to bring into periodic pulsating
motion and activate the passive part of the intra-chamber filling and significantly increase the intensity
of interaction of particles of the processed medium with the working bodies and the surrounding
environment.
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The first video recording of the self-oscillating mode of motion of a polygranular loading of a rotating
drum (Fig. 1) was made in [1]. In [2], a mechanism for implementing the self-oscillating mode of the
chamber loading flow was discovered when the stability of the dynamic system of the mill movement
was lost [3]. Based on the numerical data visualization method, the effects of the degree of filling of the
chamber [4,5], the content of the crushed material in the load [6], and their simultaneous variation [7]
on the parameters of the self-oscillating action and grinding characteristics were evaluated.

Fig. 1. Sequential pictures of the self-oscillating mode of motion of the intra-chamber filling
of a laboratory ball mill for one oscillation period (according to [1])

A general dynamic effect of self-excitation of auto-oscillations of the granular loading of the rotating
drum chamber was revealed: a decrease in the particle size and activation of the passive part, an increase
in the fraction of the shear layer near the free surface, increased liquefaction of the layer, increased
dispersion (dilatation), an increase in the velocity gradient between individual layers and an increase in
the intensity of mutual intersection of the trajectories of particle motion, an increase in the frequency of
mutual collisions of particles, a significant increase in the surface area of particle contact, improved
contact between the solid, which is in a suspended pulsating state, and the gaseous or liquid phases, and
prevention of the formation of a central core of particle size segregation.

Based on the results obtained, 9 self-oscillating processes for processing granular materials in drum
machines were patented [8-16].

In the future, it is advisable to clarify the influence of different modes of self-excitation of auto-
oscillations of the intra-chamber loading due to the loss of stability of motion on the efficiency of the
implementation of processes for processing granular materials in drum-type machines.
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CTBOpEeHHS IHHOBALITHUX ABTOKOJMBHUX PO0OYHX MPOLECIB
00pO0OKM 3epHUCTHX MaTepialiB
B TEXHOJIOTIYHUX MAIIMHAX 0apa0aHHOI0 THILY

AHoTauisa

VY nmomoBiai mpeAcTaBIeHO IHHOBALIWHHUN MiAXiJ A0 MiIBUIIECHHS €(pEeKTUBHOCTI POOOYMX MPOLECIB MAIINH
O6apabaHHOTrO THIY NPH peajizamii PI3SHOMAaHITHUX TEXHOJOTIYHMX MPOIECiB 0OpOOKHM 3epHHUCTHX MaTepialis:
TpaHyJTIOBaHHA, MPOBEICHHS PEaKTHBHOTO MPOILECY, 3MIIIyBaHHS, MOAPiOHEHHS, MPOMHBAHHSA, Kiachpikalii,
TaNTyBaHHA, CYIOIHHA Ta TeIIoBoi o00poOku. OTpuMaHi pe3ylbTaTH 3aCTOCYBaHHS BCTAHOBIICHOTO
TiIPOIMHAMIYHOTO e(eKTy caMO30Y/KCHHsI aBTOKOJIMBAHb 3EPHUCTOrO 3aBaHTAKEHHS KaMepu 00epTOBOTO
OapabaHa IEMOHCTPYIOTEH iHTEHCH]IKAIIifO, ITiIBUIIEHHS IPOAYKTUBHICTD Ta 3HIDKEHHS €HEPrOEMHICTh IPOIECiB
[OUIIXOM TIOCWJICHHS OWJIATaHCii Ta aKTWBi3alii MACHBHOI YaCTWHH 3aBaHTakeHHS. lle BigkpuBae mumax o
CTBOPEHHS HOBOT'O ITOKOJIHHSA POOOYHX MPOIECiB MaIINH OapabaHHOTO THUITY.

KurouoBi ciioBa: mamuan 6apabaHHOTO THITY, 3€pHICTHI MaTepial, podounii mporec, odbeproBuii OapabaH,
BHYTpILTHbOKaMEpHE 3aBaHTaXKEHH, CAaMO30YKCHHS aBTOKOJIMBaHb
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