«CuctreMHi TexHosorii» 4 (141) 2022 «System technologies»
DOI 10.34185/1562-9945-4-141-2022-12
UDC 622.776

N. Pryadko, L. Muzyka, O. Pryadko
DATABASE FOR NUMERICAL SIMULATION
OF GAS FLOWS IN A GAS JET GRINDER

Annotation. The process of material jet grinding is analyzed from the point of view of the granu-
lometric material composition changing in the main elements of the grinding plant. A database
of dependencies connecting the technological parameters of the process and the acoustic signal
characteristics of the mill operating zones has been created. The advantage of the approach to
building mathematical models and creating an automatic control system based on the developed
database is the ability to accurately describe most of the factors affecting the grinding effi-
ciency, the possibility of describing with the necessary details for specific material grinding and
obtaining the required size of the ready product. The use of connections between acoustic sig-
nals and technological parameters makes it possible to take into account the patterns of
changes in the material particle size distribution during the passage of the flow in the grinding
plant channels and respond to changes in the product quality or the grinding mode on-line,
without wasting time on transport delays.
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Introduction. Grinding processes in ore processing technology are the most
energy intensive. The costs of these processes amount to 30-50% of the cost of min-
ing and processing. The performance of all subsequent stages of material processing,
and ultimately the efficiency of the entire factory, depends on the quality of grind-
ing.

The current level of the mathematical apparatus development, simulation
methods allow us to expand our understanding of the grinding processes essence, to
build more advanced mathematical models of grinding plants as a control object.
These models help to solve technological problems of grinding while stabilizing the
yield of the ready product of a given size class without increasing energy consump-
tion.

Existing automatic process control systems allow solving only one of the tasks:
either stabilizing the mass yield of the ready product, or reducing the energy con-
sumption of the grinding plant. Therefore, the task of complex automation of the
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grinding process in order to stabilize the ready product and at the same time reduce
the energy intensity of the process is relevant.

The Institute of Technical Mechanics of the NASU and SSAU has developed a
method for monitoring jet grinding based on the acoustic signal analysis of operat-
ing areas. For further development of the automatic control system and mathemati-
cal modeling of the process, it is necessary to establish the main patterns, the con-
nections technological parameters with acoustic characteristics.

Purpose of the work - development of a database for numerical simulation of
gas flows in a jet mill based on the results of process acoustic monitoring.

To conduct the grinding process in the most efficient mode, it is necessary to
ensure maximum productivity, the demanded product quality and minimize the spe-
cific energy costs. Studies have shown [1] that the jet mill productivity depends on
the filling of the jets with material. Moreover, incomplete loading reduces productiv-
ity, and overflow of the chamber leads to an emergency and stop the mill operation.
Therefore, this process must be controlled and kept at the desired level, which is
proposed to be implemented based on the analysis of the acoustic signals of the op-
eration zones of the mill: the chamber and the zone behind the classifier.

Main research. Fig. 1 shows a functional diagram of an automatic control sys-
tem (ACS) for a jet mill, where the designations are used: B - a loading hopper, GCh -
a grinding chamber, C - a classifier, Qc - a ready product bin with quality control,
Aav - signal processing and filtering in the grinding chamber, Acav - signal process-
ing in the zone behind the classifier.
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Figure 1 - Functional diagram of the ACS of the jet mill

By analyzing the characteristics of acoustic signals [2], the dependences of the
magnitude of the signal amplitude on the grinding mode were established, i.e. from
loading the camera. This allows you to create a base of main parameters for model-
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ing the grinding process and creating an automatic control system for the operation
of the mill.

The task signal is formed on the basis of modeling mass flows, taking into ac-
count technological conditions (energy carrier parameters, classification mode),
properties and fineness of the source material, as well as the results of the acoustic
signal analysis from the operation zones of the grinding plant. In particular, for
grinding slag, it was found that the optimal operation mode of the grinding plant
was achieved when the signal level from the acoustic sensor was A = 1.2 V, for quartz
- 0.9 V. The lower limit of the allowable range of signals during the implementation
of grinding is A.»»=0.003 V, with these signals (the state of an empty chamber),
grinding does not occur. Based on this, a task signal is formed at the input of the
ACS. Fig. 2 shows the change in the amplitude of acoustic signals in the grinding
chamber during the grinding of quartz. The operating mode of grinding is observed
from 40 s to 140 s, and then the chamber is slowly unloaded.
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Figure 2 - Changes in the signal amplitude at the grinding process

From the standpoint of control, the most difficult process is the continuous ore
grinding. The complexity of control lies in the fact that the optimal mode is in close
proximity to the stability limit, which is associated with uneven circulation loads.
The process of jet grinding has a number of specific features [2 - 3]. For simulation it
is necessary to take into account the changes in the properties of the supplied ore,
technological parameters, changes in the circulation load, and the yield of the ready
product.

One of the most important factors determining the kinetics of grinding is
grindability, which characterizes the propensity of the material to destruction. The
strength properties of ores vary over a wide range and manifest themselves differ-
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ently under various grinding conditions, so the first block of the database consists of
the characteristics of ores, their tendency to grind. The second block of data, closely
related to the first, includes the technological parameters of grinding established
during preliminary test grinding of a particular material, namely the pressure and
temperature of the working medium (gas, air, steam), classification mode (speed of
the classifier rotor), size of the initial and ready material . The functional depend-
ence of the acoustic signals amplitude of the grinding zone on the mill productivity,
the mill load factor, the speed of the classifier rotor is derived [3].

The database includes dependencies that connected material flows in the main
blocks of the grinding plant and the characteristics of acoustic signals.

The equation describing the flow of the initial material from the loading hopper
depends on the shape of the hopper [4], its outlet area S and the velocity v(t) of the
material flow

Fi=f(S,v(1)). 1)

The relationship between the amplitude of the acoustic signals of the grinding
zone and the productivity of the jet mill is described by the equation:

O(1) =8,7414, (1) +0,074 @

where Q(t) - product output, kg/h, A, — average amplitude, V.

The circulating load has a great influence on the grinding process. The experi-
mental dependence of the value of the average circulation load Cy from the degree
Ko chamber filling (Fig. 3).
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Figure 3 - Dependence of the circulating load on the grinding chamber filling

For acoustic quality control of the ready product it is necessary to know the de-
pendence of the maximum amplitude on the particle size of the material. The gen-
eral form of this dependence has been established, which has a linear character,
however, the dependence coefficients are different and determined for all the study-
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ing materials. For example, for slag and quartz, the dependence has the form, re-
spectively:

A=6,32d - 0,84, R=0,98; (3)

A=1,6d+0,023, R=0,98;
The scheme of the developed database of the jet grinding process, which takes
into account the connection of technological and acoustic parameters, is shown in
fig. 4.
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Figure 4 - Database schema

The developed database provides the creation of an automatic control system
to maintain a rational grinding mode, in which the maximum productivity is realized
for a given fineness class of the ready product, which leads to a reduction in the mill
energy consumption. The main advantage of the approach to building mathematical
models and creating an automatic control system based on the developed database is
the ability to accurately describe most of the factors affecting the grinding effi-
ciency, the possibility of describing with the necessary detail for grinding a specific
material and obtaining the required size of the ready product.

Conclusions. A database of the jet grinding process based on the relationship
between technological and acoustic parameters has been developed. This makes it
possible to take into account the patterns of changes in the granulometric composi-
tion of the material during the passage of the flow in the channels of the grinding
plant and respond to changes in the quality of the grinding product in the on-line
mode, without wasting time on transport delays.
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Ba3a danux 0215 uucenbH020 MOOe1I06AHHSI NOMOKi8 2a3y
8 2a30CMPYMUHHITI NOOPiOHI0BANBHITI ycmaHo8yi

IIpoyecu nodpibHeHHS 8 MexHON02ii nepepobKu pyou € HALOiIbU eHep2oEMHUMLL.
Bumpamu Ha ui npouecu cmaHosasme 30-50% sapmocmi eudobymky ma nepepooOKul.
Bi0d skocmi nodpibHeHHSA 3anexums npodyKMueHicme yCix HACMynHUx emanie 06poOKuU
mamepiany, a 8 KiHuesomy nidcymxy i egpekmueHicmes pobomu 8cv020 3a800y. Insa max-
CUMAJIBHO e(eKmuBHo20 nposedeHHs npouecy noopiGHeHHs Heo0XiOHO 3abe3neuumu
MAKCUManbHy npoodykmueHicme, Heo0XiOHY IKicmb npodyKyii ma miHimizyeamu numomi
eHepzemuuHi eumpamu. JocnioxceHHs noxkasanu, wjo npooyKmueHicme CMpPYMUHHO20
MJIUHA 3a1excums 8i0 3an08HeHHs cmpyMeHie mamepianom. Tomy yeii npoyec HeoOxiOHO
KOHmMpoJitoeamu i niompumyeamu Ha HeoOXiOHOMY pi6Hi.

B pobomi npoaHanizosaro npouec CmpyMuHH020 N0OpiOHEeHHS Mamepiany 3 mouku
30py 3MiHU 2pAHy/IOMempuyHoz0 CKAady mamepianry 6 OCHOBHUX e/leMeHmMax
noopibHI0B8ANIbHOI YCMAHOB8KU. /[ AKyCMuuH020 KOHMPOJII0 IKOCMI 20Mm08020 8UpoOy
HeoOXiOHO 3Hamu 3aeHCHICMb MAKCUMAIbHOI amnaimyou 8i0 po3mipy UacmuHoK
mamepiany. [[oCiOHeHHIMU 6CMAHOBIEHO 3A2albHULL U210 Y€l 3anexcHocmi, wjo Mae
JUHITIHULL xapakmep, 00HAK KoediyieHmu 3anexcHocmi pi3Hi i 6U3HaueHi 01 8Cix
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docnidxcysavux mamepianie. Ha ocHosi docnidxeHb cmeopeHo 0a3y OAHUX 3AJIEHCHO-
cmetl, wjo 36'A3yl0mb MexHOJI02IYHI napamempu npoyecy ma Xapakmepucmuku aky-
CMUYHO20 CUZHANY pobouux 30H mauHa. Ilepesazorw nioxody do nobydosu mamemamuu-
HUx Modeneli ma CMEOPEHHSI cucmemu aeMOMAMuUUYHO20 KepyBaHHs HA OCHOBI
po3pobsieHoi 6a3u daHux € MOXUBICMb MOUHO20 ONUCY OibUIOCMI (hakmopis, Wo enu-
8amMe Ha epekMueHiCMb NOOPIOHEHHS, MOXIUBICMb ONUCY 3 HEOOXiIOHUMU demansmu
0711 NOOpiOHEHHSI KOHKPEemH020 mamepianry ma OMpPUMAHHSL 20M08020 mamepiany
Heo0xi0H020 po3mipy. BukopucmaHHs 36'3Ki6 Mi¥ aKyCMUYHUMU CUZHAIaMu ma
MeXHOJI02IYHUMU hapamempamu 0ae MOXCUBICMb 8paAX08y8amu 3aKOHOMIPHOCMI 3MiHU
2PAHyNOMEempuyHo20 CKAady mamepiany npu nNpPoxooweHHi Nomoky 6 KaHanax
nodpibHI0BANIbHOI YCMAHOBKU Mma peazysamu Ha 3MiHy siKkocmi npodykuyii abo pexcumy

noopibHeHHs on-line, He BUMpauUAK4U 4ac HA MPAHCNOPMHI 3AMPUMKU.
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