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Introduction

The development of new technologies, new trends in economics of technology, mathematical and computer process modeling
have been a legitimate reason to start the edition of a new international journal under the name ECONTECHMOD (INTERNA-
TIONAL QUARTERLY JOURNAL ON ECONOMICS IN TECHNOLOGY AND MODELING PROCESSES). This is a quarterly
published in English (Molume 1 and 2) and Russian (Volume 3 and 4), in a book and electronic form. This edition presents the
first issue of the new journal. We hope that the problems raised in the works obtain the approval of readers and in the near future
this quarterly magazine will be listed on the list of journals scoring by the Ministry of Science and Higher Education. The themes
of the papers published in the journal ECONTECHMOD and its international character resulting from the participation of many
prominent writers and recognized academics from Central and Eastern Europe will increase even more the status of cooperation
among our countries, and in particular with Ukraine. It is worth emphasizing that the Program Council of the magazine consists
of scientists of many countries in Europe, which ensures that the publications will be a perfect opportunity for a wide, multilat-
eral exchange of scientific ideas and the lessons learned will be used to promote further international integration, regardless of
geographic location. It should also be noted that the organization and publication of the magazine has been our great achievement
on an international scale. As mentioned earlier, the involvement of numerous outstanding scientists from many countries in this
project gives even more credibility to the fact that it will maintain a high scientific level of the published works.

Special congratulations are due to professor Eugeniusz Krasowski, who in spite of the accumulating difficulties with vigor
improves and creates new forms of cooperation on the international arena.

With the above-mentioned facts in mind, professor Eugeniusz Krasowski, representing the Polish Academy of Sciences
Branch in Lublin, as the Editor-in-Chief of TEKA and MOTROL, has invited the following major research centers to collaborate
in the creation of the new international journal ECONTECHMOD: Rector of the Lviv Polytechnic National University prof. dr
Yuriy Bobalo, Director of the Foundry Research Institute in Cracow prof. dr Jerzy Sobczak, Head of the Department of Tech-
nology Fundamentals prof. dr Andrzej Kusz and Professor of the Department of Management and International Entrepreneurs
prof. dr Nestor Shpak.

Editors: Eugeniusz Krasowski
Yuriy Bobalo
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Nanostructure of the soluble sodium silicate in the aspect
of basic mechanical characteristic of the moulding sands
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Abstract. The paper describes the consequential ad-
vantages of the use of inorganic binders, particularly soluble
sodium silicate, in the aspect of the environmental protection.
Nanostructure of the soluble sodium silicate as a silicate colloid
is described. Research of the structure of the soluble sodium
silicate is executed with the use of the PCS method (Photon
Correlation Spectroscopy). Characteristic parameters of the
nanostructure of the soluble sodium silicate and the method
of the estimation of the quantitative structure of the colloid are
introduced. It has been proved that the nanostructure of the sol-
uble sodium silicate has an essential influence on its proprieties
as binders of the moulding sands. Mechanical characteristic of
the moulding sands executed with this binder are dependent
on the kind of the nanostructural characteristic of the soluble
sodium silicate.

Key words: nanostructure, colloid, soluble sodium sili-
cate, moulding sand, casting, environmental protection.

INTRODUCTION

About 80% of all foundry moulds are made in Po-
land from standard sands with bentonite binder and coal
dust, or with lustrous carbon carriers. The processing
plants for sands of this type are equipped with wet or
dry dust collecting systems. The sludge or dust formed
during mould preparation is an unnecessary burden for
the foundry. Besides, the condensates of compounds are
generally considered as HAPs (Hazardous Air Pollutions),
they contain silica, deactivated bentonite, active bentonite
and thermally non-deactivated particles of organic binder-
hardener systems (sulphonic acids, pyridine derivatives,
esters, isocyanates, amines, copper salts, ammonium salts,
hexamethylenetetramine). Numerous studies [12,16] have
proved that coal dust, organic lustrous carbon carriers,
cores with organic binders and protective coatings based
on alcohol or water are the main sources of hazardous air
pollutions (HAPs), emitted during the process of casting
production in standard moulding sands. The pollutants

emitted in the largest volumes include benzene, toluene,
0-, m-, p-xylene, naphtalene, hexane, and their deriva-
tives. When core sands with organic binders are used,
others HAPs are formed, to mention only phenol and
formaldehyde, both of which can occur in large amounts.
Besides the above mentioned HAPs, the process of casting
manufacture in standard moulding sands is the source of
the emission of other compounds included in the group of
HAPs, like acetaldehyde, acrolein, aniline, pyrokatechine,
0-, m-, p-cresol, cumene, hexane, isophorone, methyl,
indene, polyclic organic compounds, priopionaldehyde,
styrene, triethylamine [11, 1, 3]. Other technologies of
the casting production also generate injurious products
of the thermal destruction [15, 19, 24]. It is the reason
of great interest in inorganic binders, such as soluble
sodium silicate. This is especially important in the case
of producing casts from special alloys [20, 22].

The main advantage of soluble sodium silicate is
low toxicity of this binder in all the processes of casting
production - and thus - during the preparation of sands,
pouring and knocking. The principal aim of these inves-
tigations is the limitation of quantity of soluble sodium
silicate in moulding sands and cores, but at the same time
the maintenance of their proper technological properties,
especially the mechanical ones.

STRUCTURE OF THE SOLUBLE
SODIUM SILICATE

A characteristic element of the structure of soluble
sodium silicate is micella. The seed of this colloidal
particle, possessing negative charge, is structural, indi-
vidual - polijon (Si,0,,)*. Polijon enlarges as the result
of condensing on his surface of ions of monomers and
in final effect reaches the state of silicate poliparticle
with the core in the form of molecular SiO, and with the
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surface possessing negative charge due to groups OH-. In
certain circumstances, this kind of spherical particle has
an ability of joining oneself to oneself (Si-O compounds).
Adjoining molecules fix mutually one’s own compound,
due to which, in the final effect, they develop into porous,
interlaced nets of fully extended chains. Thus, we can
assume that the formation of structure in soluble sodium
silicate is performed in three phases [4, 23]:

1. Mutual joining of monomers with rising spherical,
colloid particles on warp of octamer ion.

2. Increase of spherical colloid particles.

3. Bonding of exchanged particles, at first in chains,
and then in nets spreading in throughout the lig-
uid medium and thickening it to the form of gel
(naturally, this phase is reached in the situation
of disturbing the state of equilibrium in a glass
of water).

Molecules SiO, create the core of micel adsorbing

ions [SiO,]* and in this way micels starts possessing
negative charge. It absorbs the ions of opposite charge
[H*], creating micels. lons [H]*, in absorption layer, cre-
ate electric double layer. Adsorbing ions [H]*, stepping
out in further distances from core, they create dyfusion
layer of micel. During the movement of micel in solu-
tion, part of adsorbing ions [H]* stays in solution, and
a difference of potentialsis created between the particle
and the border free from its bounded ions. That is the
so-called electrokinetic potential Zeta [5, 6, 14, 17, 18].
Potential Zeta usually qualifies the stability of the colloid

arrangement [14, 17]. So, we can ascertain, that the surface
of particle occurring in soluble sodium silicate possesses
negative charge and becomes surrounded with ions of
opposite charge, strongly bounded with it. The layer of
liquid surrounding the particle consists of two parts:

1. Parts determining internal area (“Stern layer”),

in which ions are strongly bounded with particle.

2. Parts determining external area (difusion layer), in

which ions are considerably more weakly bounded
with particle.

Inside difusion layer extends the agreed border of
area, of which antiions and colloidal particle of soluble
sodium silicate create a stable part. When a movement of
the particle occurs (e.g. under an influence of Brownian
motions or gravitation), ions present in this area shift
together from it. lons staying outside the area do not
perform movements together with the particle. Summing
up — soluble sodium silicate - practical in foundring, is an
electrolyte, and its ions are also present in hydration layer.

Characteristic build of colloid, which is soluble so-
dium silicate - will imply the use of Photon Correlation
Spectroscopy (PCS), to qualifications of size and decay of
size elements of the structure of these binders [7, 10, 13].

The analysis of PCS determines a considerable
progress in the area of measuring methods for determi-
nation of particle sizes. It makes it possible to investigate
a sample in the natural state, does not cause its destruc-
tions or structural changes. In this kind of method, the
measurement of stochastics Brownian motions takes place
and on this basis the size of particles is analyzed.
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As an example, it is possible to present the results of
investigations of soluble sodium silicate with modulus
M = 1,95; 2,1 and 2,3 - obtained from sodium-silicate
glasses melted with the above values of modules. Every
kind of soluble sodium silicate had the density 1,40; 1,45
and 1,50 g - cm?.

The second kind of soluble sodium silicate possesses
analogous values of module and density, but is obtained
from sodium-silicate glasses with modulus 3,3 by the meth-
od of modification of chemical composition (using NaOH).

Considering the fact, that the investigated solutions
were in the state of polidyspersity and high polidysper-
sity, it was necessary to use their filtration in order to
ascertain the presence of elements of structure, which
in basic solutions (not filtered) can be dominated by ele-
ments of large sizes [4].

An easier and more exact interpretation of the inves-
tigations results is possible by calculation and construct-
ing the percentage cumulant of numbers of particles in
dependences of sizes of their diameters. Figure 1 and
2 illustrate cumulants for samples m_2,3 1,40 (soluble
sodium silicate obtained with the method of modification
of chemical composition, with modulus 2,3 and density
1,40 g - cm?®) and m_2,1 1,45 (soluble sodium silicate
obtained with the method of modification of chemical
composition, with modulus 2,1 and density 1,45g - cm®)
after filtration by filter C [4].

Qualification of characteristic parameters of the struc-
ture for the soluble sodium silicate is possible - values
of average diameter of particles of the main fraction dG,
halfwide dsG and range of particles of diffuse fraction
dsR. (Fig. 3).

Description of characteristic parameters of structure,
makes the so-called “partial indicator of structure WB,”
possible, calculated for solutions not filtered (nf ) and for
solutions obtained after filtration ( fA; fB; fC). Diameters
of pores of the used filters are: A>B>C:

dG,

WB, =———. @
dsG, +dsR,

Indicator WB, determining sum of indicators WB,,
became accepted as indicator of nothomogeneity of solu-
ble sodium silicate:

i=fC
WB= WB. 2

i
i=nf

The second indicator of structure of the investigated
samples of soluble sodium silcate - DWB, expresses the
maximum difference of value of partial indicators WB..
This indicator is characterized by a lack of homogeneities
in arrangement, pointed out by indicator WB:

DWB = WB, max WB, min. )

Values of indicators WB for different kinds of water
glass are presented in Figure 4.

Investigations of the hydrations enables the qualifica-
tion of dependence among the form of water (free water
and bounded water), the quantity of this kind of water
in a glass and the kind of its structure (Fig. 5). These
investigations were performed by deriwatograph method.
In the temperature from about 20°C to about 70°C and
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from about 115°C to about 140°C, on DTG appears piques
testifying about dehydration of soluble sodium silicate,
related to a little endothermic effect on DTA [4].
Technological verification of investigations was per-
formed. The moulding sands containing soluble sodium
silicate with identical quantity sum of the oxides (SiO, +
Na,O), were cured with diacetate eyhylene glicol. Moulding
sands were made, cured and investigated in identical con-
ditions of environment (20°C and 60% r. h.) in the climati-
cal chamber. Figure 6 presents the dependency of strength
properties of the moulding sands vs structure indicator WB.

CONCLUSIONS

1. We can accept, that in the range of the temperature
from about 20°C to about 70°C, first the dehydration of
soluble sodium silicate appears (loss of the free water
W,). In the range of the temperature from about 115°C
to about 140°C, bounded water W, is removed from the
soluble sodium silicate.

2. Itis very probable, that the content of the free water
W, has a great influence on the size of nanoelements in
the soluble sodium silicate.

3. Two value of indicators WB and DWB can be de-
fined as follows:

WB (3,0;1,8)and WB [1,8;1,0),
DWB (1,44;0,8) and DWB [0,8;0,13).

The most profitable strength properties of the mould-
ing sands were obtained for the structures of the soluble
sodium silicate with the values of indicators WB in the
range up to 1,8 and DWB in the range below 0,8.
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Abstract. The article deals with the problem of provid-
ing high performance apparatuses for cleaning air from dust
in various branches of industry in order to reduce hazardous
emissions to the level conforming to sanitary-hygienic norms.
The article describes new trends in the development of dust
catching apparatuses based on the use of centrifugal-inertial
forces, permitting to significantly improve the effectiveness of
dust catching.

Key words: dust. catching, air cleaning, pollution, cen-
trifugal, cyclone.

INTRODUCTION

Along with various natural phenomena (volcanic
eruptions, forest fires, soil weathering and erosion, etc.)
the human activities causing pollution of the atmosphere,
connected with the use of natural resources and the de-
velopment of industry, agriculture, construction and
transport, play an ever growing role in the appearance
of the problem and its solution. Due to the insufficient
level of knowledge, inadequate technology or absence
of comprehensive prognostic analysis these activities are
accompanied by unwanted processes — emission into the
atmosphere of the whole range of harmful by-products.
Polluting the atmosphere, these by-products cause tremen-
dous, often unjustified harm not only to the environment,
but to humans as well.

The problem of prevention of atmosphere contamina-
tion has long ago crossed the borders of separate nations
and even entire continents, and has acquired the status
of the international problem and become common for
practically all countries of the world. This has been de-
termined by a number of reasons: solidarity of interests
in the development of measures and means aiming at the
reduction of levels or complete elimination of emissions
of hazardous admixtures into the atmosphere, by the
importance of collaboration and exchange of information

on the development of methods and means of prevention
of harmful consequences of atmosphere contamination
and losses they create and, finally, by the fact, that the
hazardous materials are carried over great distances re-
gardless of the state borders.

Once it becomes evident, that the improvement of
technological processes, establishment of sanitary-hygi-
enic zones, increased height of smokestacks and other
measures cannot reduce the level of pollution of atmos-
pheric air to the maximum permissible concentration
level, emissions must be purified to such a level, that
in the end they do not exceed the norm of maximum
permissible concentration.

The analysis of latest research works: at present
the cleaning of contaminated air and gases is the main
method of protection of air basin from pollution, applied
in all cases when the use of active cleaning methods is
still impossible or economically unfeasible. The task
of industrial gas cleaning is the neutralization of the
air basin from organized gas emissions and stationary
pollution sources.

The cleaning of emissions is simplified considerably
if emitted gases, for example stack gases, move along the
gas ducts. In many cases, however, for example in operat-
ing mills, pickling installations, electroplating tanks, in
dressing and cleaning castings, in plastic, glass-reinforced
plastic, fabric-based laminate materials processing, etc.
it is necessary to use special measures to avoid a direct
emission of these materials into the atmosphere. In other
cases, the admixtures not only become dangerous for
the operators and adverse for the product quality, but
become hard to catch.

For this reason, catching hazardous materials directly
from the source of emission is the guarantee of not only
improved hygienic conditions of labor at work places, but
of high effectiveness of dust catching installations, which,
as a rule, consist of the following elements:
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— collecting device, which may consist of one or several
dust collectors,

— grid of pipe-lines,

— fan, drawing off dust-laden or gas-contaminated air
via pipe-lines to the dust-cleaning installation.

The systems of cleaning and decontamination of
gas emissions can be conventionally divided into 2 large
groups:

— group | — installations for cleaning from toxic gas
admixtures (chemical cleaning),

— group Il - installations for cleaning gas emissions from
sprays (dust, smoke, droplets or fog).

MATERIALS AND METHODS

The greatest achievements in centrifugal catching of
solid particles from a gas flow have been noted in the
field of hardware design (engineering) and not in the field
of scientific projects, which is explained on the one hand
by the accumulation of long experience of operation of
industrial installations and, on the other hand, by excep-
tional complexity of description of separate phenomena
and characteristics of heterogeneous systems: rigid body
—gasin centrifugal force field. For this reason, the theory
of cyclone operation is still underdeveloped and does not
provide an opportunity to calculate cyclones of various
designs. For example, the problem of the most suitable
shape of a cyclone till now is resolved only empirically
or experimentally.

Different requirements are presented as to the level
of final dust content in gas flows depending on physico-
chemical properties of dust, technological parameters of
dust-gas flows, especially with respect to fine toxic dust.
For this reason, it is possible to find a range of decisions
when solving the problem of design of centrifugal force
apparatuses for separation of solid particles from gas
flows. The analysis we have carried out showed a great
number of various designs of centrifugal force appara-

Table 1. Indices of dry dust catchers

tuses, whose design most often has not been supported
by theoretical and experimental investigations of the
structure of the formed flows and the process of separa-
tion of their particles.

We shall note, that the main effect on the efficiency
of separation of solid dust particles in centrifugal force
apparatuses is produced by improvements made on the
apparatus body, whose purpose is, predominantly, to
increase the centrifugal factor of separation or reduce the
harmful effect of increased centrifugal factor of sepa-
ration, or reduce the harmful effect of radial removal
of dust.

A large number of various constructions of dust
catchers for the same purpose, which do not have any
clear specifications, stand in the way of selecting an
appropriate system of cleaning in the process of design
of dust catching devices, and absence of standardized
dust cleaning equipment is an obstacle on the way to
resolve the problem of organization of manufacture of
such equipment.

To simplify the process of choosing the type of dust
catchers for each specific case an attempt has been made
to standardize, arrange in an order all known construc-
tions of dust catchers, placing them by way of compara-
tive testing in a small specific order by their efficiency,
hydrodynamic resistance and specific quantity of metal
per structure with equal power, air consumption in order
to specify design of the apparatus with the best operating
characteristics, which may become a prototype for the
design of a new type of apparatus.

RESULTS AND DISCUSSION

For this purpose we have used the “Uniform tech-
niques of comparative testing of dust catchers”, which
include the item of preparation of experimental dust,
determination of its parameters, means of contamina-
tion with dust of the air supplied to the dust catcher,

Cyclone type rDe?'r?;sZI(,{/SUSt Diameter, mm Height, mm ;Zi;:f:fe?gﬁztgzg m2 Surface area, m?
LIOP 1.23 117 0.8 2.07 1.05
SIOP 0100 1.05 1.62 07 1.82 0.92
VNDIOP 1.05 1.25 0.91 2.22 1.05
0-4/630 0.96 114 1.57 3.64 1.85
STN-11 1.00 1.00 1.00 1.96 1.00
STN -15 1.05 0.90 0.93 1.67 0.85
STN -150 1.26 0.92 0.70 1.29 0.66
STN -24 1.35 0.75 0.72 1.09 0.55
Matroshka 1.62 143 0.92 3.67 1.86
UST -38 0.78 1.60 1.25 3.86 173
4B STSH 0.82 1.10 0.53 247 1.26
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degree of diagglomeration of dust in case of artificial
contamination of the air with dust, established as man-
datory for conducting of bench tests of various types
of dust catchers: air filters, dry-type cyclones, wet-type
dust catchers, fabric filters, individual duct catching
apparatuses.

Principal parameters dry-type dust catchers with
similar power and air consumption, efficiency and pres-
sure 1103 Pa are shown in Table 1.

Efficiency is shown in the form of relation of dust
removal from the given cyclone to dust removal from
cyclone CN-11 (standard). Specific quantity of metal per
structure is the value of the cyclone surface per 2000 m3/
hr of the cleaned air.

To determine the place of domestic dust catchers
we have provided specifications of the best foreign ap-
paratuses in Table 2.

Modern gas-cleaning units for cleaning exhaust in-
dustrial gases to the degree, which meets the requirements
of sanitary-hygienic norms, and installations, intended
for cleaning of technological process, as a rule, cannot
operate with high efficiency, because most of gas-cleaning
units are rather complicated installations, consisting of
a number of gas-cleaning apparatuses of various types,
installed in several stages.

Table 2. Specifications of foreign apparatuses

Type of dust | Productivity, Hydrodynamic | Efficiency,
catcher m?® resistance, Pa %
D1-DIV 800-100000 1350 92.2
Poland

TeL 800-5760 1200 90
Germany

SGA . 800-100000 1650 90.8
Czechia

SHA 800-100000 1730 91.2
England

TOSHIBA 800-100000 850 94.1
Japan

Using our theory of the process of separation of het-
erogeneous systems by way of destruction of turbulent
vortexes in dust catchers we can determine the minimal
size of the particle moving under the influence of cen-
trifugal force to the body wall upon its separation from
the vortex and the maximal size of the vortex itself,
thus determining dimensions of the apparatus, specifi-
cally the distance from the external to the internal wall
of the body. Fine dust particles are under the influence
of turbulent efficiency, which does not permit them to
separate from the flow and they continue to move with
the flow to the internal wall. The main task at this stage
is freeing the particle from the influence of vortex, which
is possible only in case of destruction of the latter. This
can be achieved provided, that the internal wall of the
apparatus is made in the form of shutter-type separator
instead of one-piece wall.

Taking into consideration the mathematical model of
the process of separation in centrifugal-inertial force dust
catchers we have proposed a new group of apparatuses,
whose operating principle is based on the combination
of centrifugal, inertial forces and weight. The know-how
of all groups is the presence in the apparatus body of the
second cleaning stage — shutter-type separator, in which
dust-and-gas flow is subjected to additional cleaning
passing through the shutters.

The cleaning of air from dust in the apparatuses
we have designed takes place as follows: dust-laden air
comes in tangentially, predominantly to the upper part
of the apparatus, where at first under the influence of
centrifugal forces the flow is separated layer by layer:
larger (by size and weight) particles of spray are deflected
to the internal wall of the apparatus body and continue
their circular motion along the wall, while fine particles
move in circles along the internal single-piece outlet pipe
for cleaned air. One half of revolution is sufficient for
this process, which has been proved experimentally. At
section 1 of the apparatus, the cleaning of the air from
dust occurs in the way similar to cyclone operation. At
section 2 of the apparatus, additionally to this process the
secondary cleaning of the air from dust begins along the
shutter separator placed coaxially to the apparatus body.
Gas flow flows past the separator shutters and turns at the
angle over 900 but less than 1800 and goes out to clean
air outlet pipe through the openings between them. Fine
dust particles which have not been separated from the
flow by centrifugal forces also approach the separator,
but owing to their inertia they lag behind gas and hit the
separator shutters and, depending on their location on the
shutters they are either repelled to the wall of the body
and caught up by the dust flow moving there, or dragged
again by gas going to the separator for additional clean-
ing, hit the shutters again and so on, till they finally get
into dust flow moving along the walls of the apparatus
body, which will transport them to dust outlet pipe. The
number of collisions depends on the parameters of dust
(dispersion composition, physico-chemical and morpho-
metric indices), gas flow (velocities: when entering the
apparatus, of movement in the apparatus body, of passage
through the shutter separator) and design features of the
shutters, determining the angle of attack (angle between
the direction of movement of gas flow and area of each
shutter) and clear opening area.

During many years we have been improving the
design of these groups of apparatuses, upgrading their
efficiency and structural elements in principle. We have
most dramatically and effectively have improved the
construction of the separator’s shutters. Construction
features of dust catchers and their elements are protected
by the author’s certificates and patents.

All experimental investigations were carried out using
the standard experimental stand of the State University
«Lviv Polytechnic» in accordance with the «Uniform
manual» for comparative specifications of dust catchers
using standard quartz dust with clearly specified median
diameter.
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As the result of experiments the following has been
determined:

1) The effectiveness of dust catching increases
with the increase of: total consumption of the air in the
stand; median diameter of dust particles entering the dust
catcher; hydrodynamic resistance.

2) The fraction effectiveness of dust catchers in-
creases with the increase of median diameter of dust
particles.

3) The hydrodynamic resistance of the dust catcher
increases with the increase of consumption of the air in
the stand.

Summing up the above, it is possible to claim that
the effectiveness of dust catching will be increasing with:
— higher velocity of the dust particle before the separator,
— greater weight of the dust particle,

— greater density of the dust particle,

— smaller angle between the direction of movement of
the flow and area of the shutter,

— lower velocity of the movement of cleaned air flow to
the separator opening,

— greater clear opening area of the shutter separator,

— greater flexibility of dust particle,

— greater stability of the velocity of dust-air mixture
along the separator, ensuring constant velocity of air
passage through the separator.

CONCLUSIONS

Comparative investigations have proved, that the
effectiveness of operation of the proposed dust catcher
surpasses the effectiveness of operation of cyclone CN-
11 (standard) by 15-17%, hydrodynamic resistance is
reduced by 150-250 Pa, and dimensions by 1.5 times,
which permits to make a statement of considerable re-
duction of power and metal consumption.

Further works in this field should be conducted to-
wards an improvement of the design of shutter separator
as the second stage of cleaning, towards optimization of
the dimensions of dust catcher body and improvement
of the processes of separation for further increase of ef-
fectiveness of dust catching, development of new energy
saving technologies and protection of the environment.
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Obstract. The article considers the mathematical model
of the process of cleaning of dust-laden stream in centrifugal -
inertia vehicles and the obtained designs are confirmed by con-
ducting complex processes of dust colection in radioelectron-
ics.The article describes new trends in the development of dust
catching apparatuses based on the use of centrifugal-inertial
forces, permitting to significantly improve the effectiveness of
dust catching
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MATERIAL AND METHOS

Radio engineering industry brings in considerable
cost in contamination of atmosphere. Concentration of
dust in the air, thrown out to the by atmosphere radio
engineerings enterprises, in obedience to operating
normative documents, cannot exceed 60...120 mg/m?,
which imposes additional requirements to the dust-
catching equipment.

The problem of creation of new highly-efficient
vehicles is determined by the complexity of the sep-
aration process. A lot of factors make the process of
cleaning difficult. Therefore, at present there is no perfect
scientific basis which would be based on the combination
of practical and theoretical researches, that in a complete
measure would describe the afore-mentioned processes.
One of the aims of the present task is the creation of
dust collection options of new type, the action of which
is based on the principle of combination of different
methods of cleaning.

ANALYSIS OF THE LATEST RESEARCH

The presently existing vehicles for the cleaning of air
from dust are not able to catch its fine fraction with suf-

ficient efficiency and simultaneously provide low power
indexes, due to the imperfection of their construction
and complication of the separating processes. Therefore,
the necessity has appeared of the creation of vehicles
which would be able to effectively catch the hazardous
emissions of dust and also ones with reduced power and
metal construction elements.

The realization of an engineering construction of
a vehicle which would answer these requirements on the
basis of theoretical grounds and research of the processes
of dust collection in the conditions of radio engineering
production determines the validity of the presented work.

It is possible to solve the set problem only through
the process of mathematical design subject to the con-
ditions of the process of motion of particles of dust in
dust catchers.

STATEMENT OF TASK
Movement of air flow in the cyclone will be consid-

ered on the basis of viscous liquid equations that look
as follows:

divv =0,
dv_ 1
at pgradp+v .

We assume that the flow is one-dimensional, if
speeds are parallel to some direction in space, while at
the plane points that are perpendicular to this direction,
hydrodynamic variable can take different values. Choose
the direction of motion as the direction of axis x. Then:

Vy vz = 0. @
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We will calculate the system of equations of viscous
fluid, taking into account (2):

dvy
—A = O' 2
T @
d 2 2 2
dA+ dﬂ = l_p+ d VX d VX v (3)
dt X Ox dx dx? dy2 dz?
dp _ dp _
- 0, a7 - 0. @)

From (2) it follows that O _is independent on x, and
from (4) -p that p is independent on y and z, ie:

v =v (y,z,t), ()
p = p(xt). (6)
Given (5), rewrite equation (3) as follows:
d2v d

X - 1P ©)
2 de dX

d2v
X

t dy

The left side of (7) does not depend on X, therefore,
2 can depend only on time:

-t

e p= F(OX+ ). ®)

Thus, in one-dimensional movement pressure is the
linear function of x. Functions f(t) and f,(t) can be found
if in the two chopping and the pressure p is set, rather

POy, t) = (1), PO, 1) = f,(0).

Then
dp_ T 0 [0
dx X2 %

For a given pressure differential, the speed is found
from equation (7):

><|'cs

©

dvy _

d2vy . d2vy p
Par ~ ¥

(10)

Equation (10) in its form coincides with the heat
equation. Non-homogeneous equation (10) can be reduced
to a uniform one by the replacement:

= x &gt

To find solutions for equation (10) initial and boundary
conditions should be given. One-dimensional movements
can be carried out at liquid flow in cylindrical tubes (or
beyond). Therefore boundary conditions are written on
the contours |, that we obtain by chopping cylinder with
area x = const:

V.

X

Ik =uy (®). (11)

Hence - speed contour points. Initial conditions have
the form

Y, F(y,2). 12)

The task is simplified if the flow is constant. In this
case, the final pressure is constant, and equation (10) is
reduced to the Poisson equation:

d2vy . d2vy _ p

dy2 X

& s (13)

The initial conditions disappear, and the boundary
conditions are independent on time:

Vx 14)

=u.
Ik k

In the most general case, the speed vy

| Mmay vary
k

depending on the contour points vy |, =V, (t,M).

e

A special case of the flow is represented by a free-flow
movement of fluid, when % =0, p=const. Thus, instead
of (10) we get the equation:

vy d2y , 42%
dt dy2  dz2

If the motion is set, the speed is detected by solving
the Laplace equation:

d2vy . d2vy _
dy2 dz2

(15)

which satisfies boundary conditions (14).

Problem (15), (14) (u, constant on the contours 1) is
equivalent to the problem of finding the flow function
O in plane flows of an ideal incompressible fluid:

d2 | d?
= 4+ =

dy2  dz2
Hence, in particular, in order to solve the problem
(15) (14) it is possible to use the method of conformal
mappings. It is easy to show that the force f,, acting on

the contour in a viscous fluid, is expressed in terms of
G circulation of the ideal fluid flow:

=0, |Ik =U,.
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Fig. 1. Movement scheme

Movement of air flow in the cyclone can be repre-
sented as a flow movement between two infinitely long
circular cylinders with a common axis with the radius R,
and R, during the absence of mass forces (Fig. 1.). Let us
transfer axis x along the axis of the cylinders. Suppose that
the inner cylinder rotates with angular velocity [, and
external - with [0.. To solve the problem it is convenient
to introduce cylindrical coordinates r,[,x and write in

these coordinates the system of equations of viscous fluid.
dv

You need to find expression divv,a,
system of coordinates. Naturally, assuming that the veloc-
ity is directed tangent to the circle r=const and depends,
as well as pressure, from r only, then v =v =0, v, =Vv(r),
p=p(r). The obtained system of equations can be applied
to this problem and when the movement is set, takes
a simple form and allows you to immediately get the
solution of the problem as:

grad p, vinthis

r 2
v(r) dr.

R T

C
V0:C1r+TZ: p=p+

Constants C, and C, are determined from the bound-
ary conditions. But to solve this problem we use a dif-
ferent path.

To find the dependence v=v(r), we write the
law of angular momentum conservation in the layer
R? ~y?+2z° r? r<R,(Fig). Let M be - the moment
of forces acting on this layer. Since the flow is on a plane,
the vector M is directed along the axis x. Since the traffic
is stationary, we have the equation M =0. It is obvious
that M=M, +M, where M, — the moment of forces acting
on the inner cylinder, M_—the moment of viscous friction
forces, which are attached to the cylinder radius r. The
magnitude of this vector:

2 2

M, = r(,rd)=r> _d. (16)

r r

0
Here: [ - the pressure projection on axis U (i.e. di-
rection v) acting on the part with the normal r. In our
assumptions it depends only on r, so:
M = _2r°

r r

Thus, the moment conservation law gives the equation:

L2 r2+M, =0.

Let angle O be formatted from axis y. Obviously:

r|=0_ yz

2=0 '
Since [ does not depend on [, the last ratio is fair
at all 0. Thus:
Y
P yz\z:O: —+ % (17)
y =0
Hence we have:
. z y
vV, = vsin = v—, Vv, =VC0S =V
r r
and
v
Y] =-__ VE = !’
Z|,, 2 ri. r
2
L :X+ i!L :X+r ix (18)
Yo T drr r|_r dr r
Using this equation, based on (18) we get:
d v
= r— — . 19
r i 19)

Substituting (19) for (16) we obtain the equation for
finding v:
d v

M, +2 r®
dar r

=0. (20)

The general solution of this equation is expressed
by the formula:

C
v=C1r+T2. (21

Where: C, = ;\A—l. Constants C, 00 C, are determined

from the boundary conditions:

v\r:R1 = R v\r:Rz = ,R,, (22)
or more precisely,
1R1+%: R, C1R2+%z: Ry, 23)
Solving the system (8), we obtain:

Thus, the velocity distribution between cylinders
with a common axis is given by the formula:

RERVRR(C, )1

21+ .
R R RERD T

v= (25)
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With formula (25), it can easily be calculated that:
0. and M:

r=rix=zc—§,
dr r r

where: C, has the form (1.24).

Note also that by taking measurements during the
experiment M, we can determine the viscosity. Partial
cases of flow:

a) two cylinders rotating with equal angular velocity:

0,=0,=0. For this case from (26) we get: v=0r.

b) The liquid fills the infinite space outside the cyl-

inder.

R,:R,=R,0,=0,R,=0, 0,=0. Inthis case v = Rf?

2r’= 4 C, (26)

¢) One of the cylinders is stationary 0,=0, 0,=0

R RIR,

Then v= —.
R22 Rf R22 Rf r

Next we verify the movement of air flow in the mov-
ing coordinate system that rotates around the axis of the
cyclone with an angular velocity equal to the speed of
the flow around a vertical axis. Then we will deal with
the case when the outer wall rotation speed will be equal
to 0, and internal (inertial separator) - .

CONCLUSIONS

Conclusions and perspectives of further scientific
studies: comparative investigations have proved that the
effectiveness of operation of the proposed dust catcher
surpasses the effectiveness of operation of cyclone CN-
11 (standard) by (15-17)%, hydrodynamic resistance is
reduced by (150-250) Pa, and dimensions by 1.5 times,
which permits to make a statement of considerable
reduction of power and metal consumption.

Further works in this field should be conducted
towards the improvement of the design of shutter separator
as the second stage of cleaning, towards optimization of
the dimensions of dust catcher body and improvement

of the processes of separation for further increase of
effectiveness of dust catching, development of new energy
saving technologies and protection of the environment..
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Abstract. The results of studies depending on the rela-
tive intensity characteristics of ionization processes in grain
weight of the electric field of high intensity, humidity and es-
tablished empirically analytical dependence.
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INTRODUCTION

Grain sector of Ukraine is a strategic sector of the
economy of the state, which determines the volume of
supply and cost of main food for the population, including
food grain processing and animal products, forms a sig-
nificant proportion of agricultural incomes, determines
the status and trends in rural areas, creates a state for
foreign exchange earnings by exports. Grain industry
is the basis and source of sustainable development of
most sectors of agriculture and the basis for agricultural
exports.

Increase of production and improvement of the quality
of crop production is possible by reducing crop losses
from plant pathogenic microorganisms and utilization of
the potential of biological features of seed.

The microflora of grain mass consists almost entirely
of anaerobic microorganisms. Mushrooms represented
about 85% of pathogens causing the most dangerous
diseases of cereals and toxic agents - 80%. Especially
rapid was the contamination of grain cereals by the fungi
that form the toxins: Fusarium, Alternaria, Repisilium,
Mucor, Cladosporium and others. Fighting these fungi
can classify the grain commodity to the particular food
category, and the presence of toxins formed by these
fungi in greater amount than 5 mg per 1 kg makes it
unfit even for feeding purposes.

These pathogens alter the biochemical composition
of grain and contaminate it with mycotoxins. This cre-

ates a serious problem for the food industry. The situ-
ation is complicated by the fact that to date there are
no biologically acceptable and cost-effective ways to
detoxify the grain. During storage (3 to 6 months) in
adverse conditions, the surface contamination of grain
with fungi can grow by 35 ... 40 times, internal — by 3 ...
4 times. This dramatically increases infestation complex
Fusarium, Alternaria, Penicillium. This is an annual loss
of 3.2 million tons of grain and a significant reduction in
biological value of further millions of tons.

Ozonization is one of the most promising technolo-
gies designed to combat the influence of chemical and
microbiological nature in agriculture, medicine, ecology
and public utilities. Ozonization as a method of disin-
fection was thoroughly studied with hygiene items and
received approval of sanitary and medical facilities of
all advanced countries (USA, Germany, Japan, France,
etc.) [1]. Significant reduction of cost of production of
ozone in relation to other chemicals appropriate for this
application, in recent years has also contributed to in-
creasing interest in its wider use in agriculture. Due to
the urgent problem, there has been rapid development
of such systems.

But modern electroozonators used in agriculture have
not found wide use because of their low efficiency. Low
productivity has mainly been due to the fact that large
losses of ozone occur in the supply network from ozone
generators to the product processing units.

MATERIALS AND METHODS

The Department “Electrified Technologies in Ag-
riculture” at the National University of Life and Envi-
ronmental Sciences of Ukraine has developed a method
and device for treatment of seed crops with ozone in an
electric field of high voltage direct current. Apparatus
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Fig. 1. Apparatus settings for the treatment of seed crops in a strong electric field

settings for curing grain with high voltage electric field
are shown in Fig. 1.

When processing the seed crops in high voltage elec-
tric fields, when the material is located directly between
the plate electrodes, one of the important factors is the
mode of processing, electrical discharges, accompanied by
ionization processes that occur in air inclusions mixture.
The intensity of the ionization process at atmospheric
pressure will be determined mainly by voltage applied
to electrodes, grain moisture and geometrical form of
seeds. At present these electrical processes in the grain
mass, under the influence of electric fields of high voltage,
were not considered in the scientific work of researchers,
S0 to ensure effective treatment regimes, there is need to
explore and establish patterns of change in the intensity
discharge processes. For this purpose it was designed in
research laboratory settings (Fig. 2).

1

~220B

Fig. 2. Circuit diagram for the study of the intensity of ioniza-
tion processes in vertically arranged electrodes: 1 — autotrans-
former; 2 - high voltage transformer with a rectifier; 3, 4 - pla-
ne-parallel plate electrodes; 5 - chamber for placing seeds;
6 - inductive sensor

There are different methods of registration ioniza-
tion characteristics in insulating materials [2, 3, 4, 5, 6,
7]. One of the methods used is the method of tangent of
dielectric loss angle. This method is based on the principle
that with increasing voltage due to the increased intensity
of discharge, tg [ is increased. So the point of inflection

depending on tg0 (V) is considered at the beginning of
discharges, and it is stressed that the initial voltage is
responsible for partial discharges.

But these methods have several disadvantages, the
main of which is a great sensitivity to external interfer-
ence and difficulty settings. To investigate the relative
characteristics of the ionization processes, the experience
withdrawal was used of oscillograms intermittent phe-
nomena in the corona discharge, which was engaged in the
research of Loeb School. Researchers at the oscillograph
removed currents in voltage at the ends of the resistance,
and induced the impulses, Yaki at the “antenna” [8].

RESULTS AND DISCUSSION

Prior to research, grain mixture was filled into the
chamber. It was located between two plate electrodes.
When the voltage is fed to the plate electrodes, the volt-
age of primary ionization in the chamber with the grain
mixture starts bit processes. As a result, inductance coil 6
having high fluctuations that accompany ionization. As an
instrument registering a stable voltage (steady) ionization
U_, a switch gear can for example be used. In our case,
the voltmeter was used of universal type B7-26. Further,
we denote its measurement as U.. The magnitude of the
voltage on the voltmeter connected to the inductor, we
will call the relative intensity of characteristic ionization
processes, and to characterize the formation of ozone
in the mass of seeds under high voltage electric field,
the notion was used of the specific characteristics of
the intensity of ionization processes U, accommoda-
tion experts (U0-0). U, ., accommodation experts were
determined by the formula:

(U
u == @
where: S - area of the electrode is covered with seed
mass, m2. h - distance between the electrodes, m.
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As a result of the work the dependence was deter-
mined by analytical U of the electric field of high
voltage and the initial intensity of ionization processes.
When considering the ionization processes in the future
we will assume their start when Ui = 0.1 mO-m. In the
above mathematical expression, the calculation of U,
accommodation experts begins with the electric fleld
intensity level of initial ionization processes because at
lower electric field ionization processes can be neglected.

The resulting mathematical expression that is rep-
resented by formula (2) agrees well with the results of
experimental studies:

S E E
U == exp 245 ——— 109, 2
&P E )
where: E - electric field, 00/00, O, - electric field
of primary ionization O0/cm;
0, =0-0wW, 3)

where: W - moisture content of seeds,% a, [ - coef-
ficients that are determined by type of crop (oats (0= 7,33,
0 = 0,423, barley 0= 6,77, 0 = 0,356; wheat (1= 9,04,
0 =0,457; rye 0= 9,15, 0 = 0,425).

Experimental studies were performed on barley va-
riety “Scarlet.” The research results are cpresented in
Tables 1-2 and Fig. 3.

Table 1. Dependence of the specific intensity of ioniza-
tion processes of barley from the electric field strength at
17,5% moisture barley

o 00/cm | 0,96 13 1,46 1,86 2,06 2,23

U, mtm| 0,006 | 0,099 | 0,185 | 0,621 | 1,075 | 1,674

Table 2. Dependence of the specific intensity of ioniza-
tion processes of barley from the electric field strength at
14,9% moisture barley

Oy 162 |183 |2 2,46 12,86 13,16 |3,3 [3.6 (38
00/em
Ui, 0,008 | 0,035 | 0,063 | 0,193 | 0,408 | 0,681 | 0,849 | 1,379 | 1,895
mO-m

11
/\2
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o
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Fig. 3. Dependence of the specific intensity ionization pro-
cesses in the mass of barley variety “Scarlet” on the electric
field: 1 - moisture 14,8%; (2-17,5)% moisture content: - data
obtained from materials research; [J - graph of the function
constructed by empirical formula

Substituting in the expression 2 values 0 from the

expression 3 we get:

E a+b W

exp 2,45
a bw

09 @

C
1
>|w»

The resulting empirical formula was evaluated for
adequacy by the Fisher criterion. Estimated value of the
criterion is Fisher’s (0 = 1,88, or less than the critical
value at significance level 0.05 is I =2,01.

The solution proposed by the Department of Electric
and Electro Technology at the National University of Life
and Environmental Sciences of Ukraine is a much more
effective way in terms of uniformity of treatment and
cost-effectiveness, because ozone is formed directly in the
grain mass, which in this case plays the role of biologi-
cal electrode system and an integral electrical complex.

Example results of sorghum seed variety Odessa
302 treatment and buckwheat seed variety Oranta seed
treatment are shown in Fig. 4.

l"ll.lllll
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Fig. 4. Results of treatment of seedlings of sorghum seed va-
riety Odessa 302 (biological method rolls) and buckwheat seed
variety Oranta: 1 - control sorghum seeds; 2 - sorghum seeds
treated in a strong electric field; 3 - control buckwheat seeds;
4 - buckwheat seeds processed in a strong electric field

Thus the proposed electrotechnic treatment is pref-
fered to the existing ones. It is a low energy and environ-
mentally safe process and allows for a better treatment
of grain products.
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CONCLUSIONS

1. Analytical dependence was established of the rela-
tive intensity of ionization processes characteristic of
the electric field of high intensity, taking into account
humidity seed mass. The obtained dependence is required
for the processing regime.

2. Laboratory studies found out that the proposed
method allows for the neutralization of about 90% of
hard smut spores. It should be noted that the research was
conducted on wheat with an artificial background. The
concentration of spores of smut was about 500 units per
sample of grain. In the natural background, this figure
is considerably smaller (about 10).
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Abstract. The work environment in a grain mill is asso-
ciated with the occurrence of many hazardous and troublesome
factors at this work. However, the most important hazardous
factor occurring in the work environment in grain mills is grain
and flour dust. The aspiration and filtration systems applied in
mills frequently do not provide proper protection for workers.
The objective of the study was to present the assumptions of
a complex system controlling the level of dustiness in a grain
mill. LabView environment has been used for the building of
such system. The acquisition of parameters was carried out bas-
ing upon the information and signals received from the sensors
supporting the measuring cards. The actual as well as archived
parameters occurring in individual rooms can be displayed on
the computer screen via the built-in interface.

Key words: control and supervision systems, LabView
environment, grain dust, grain-mill, Maximum Allowable Con-
centration (MAC),

INTRODUCTION

Work in grain mills is associated with the perform-
ance of activities at many sites of the work environment,
where there occurs exposure to grain and flour dust.
Frequently, mean weighted concentrations at workplaces
exceed hygienic standards (MAC values). The work of
the staff of a mill is most often connected with a frequent
or continuous presence at the sites of the work environ-
ment, where high levels of dustiness occur. It is therefore
necessary to provide safe dust conditions. This should
be obtained by the reduction of dust emission or limit-
ing the workers’ access to the rooms where high dust
concentrations occur, which may result in exceeding the
MAC values at individual workplaces.

Long-term exposure to dust at workplaces in cereal
processing may be the cause of morbidity due to dust-
related diseases, such as: miller’s lung, thresher’s lung,
asthma, bronchitis, grain fever, and may play an important
role in the deterioration of the state of health of workers

of grain processing plants [Buczaj A. 2008a, Dutkiewicz
et al. 2000, Dutkiewicz 2009].

In order to provide safe working conditions in grain
processing plants it is necessary to perform measure-
ments of the hazardous factors occurring at workplaces.
To-date, according to the legal requirements in effect
concerning work safety and hygiene, measurements of
two dust fractions are performed: total (inhaled) and
respired (dust penetrating into the alveoli). The results
of measurement are referred to the existing hygienic
standards for dust of plant and animal origin according
to the contents of free crystal silica [Official Journal
2002, No. 217, Clause 1833].

Grain and flour dust is produced both during the
processing of grain (cleaning and milling), and while
packaging of ready products. A significant risk for workers
is also created by dust produced during transport, dry-
ing, and storage of grain. Grain dust contains bacteria,
fungi, insects, sometimes pesticides residues, as well as
dry parts of plants. In addition, grain dust contains free
silica, which may create risk for health of the employees
[Burdorf et al. 1994, Molocznik 1981, Nieuwenhuijsen
et al. 1994].

The computer system of controlling the level of dusti-
ness by constant monitoring of the appliances connected
with technological and extractor processes and by means
of elements responsible for the measurement of the level
of dustiness, described in the presented report, speci-
fies conditions in which the MAC level is exceeded at
a particular time and site of the work environment. In the
case of exceeding the border levels, the role of the system
consists in the start of the alarm mode. The procedure of
the alarm mode consists in the switching on of the addi-
tional workplace aspiration systems, and an information
signal after the MAC level is exceeded at a workplace
and on the screen of computer controlling the operation
of the system. In normal conditions information is only
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provided concerning the current level of dustiness at all
sites of the work environment in the grain mill.

DUSTY WORK ENVIRONMENT
IN A GRAIN MILL

The studies of dustiness at workplaces in cereal
processing plants conducted to-date at the Institute of
Agricultural Medicine show a high level of the concentra-
tion of grain and flour dust [Buczaj A., 2008b]. The mean
concentration of inhaled dust at a workplace of a head
miller remained within the range from 1.28+10.56 mg-m?,
and for a packer — 4.06+73.64 mg-m-(Table 1).

The concentrations of inhaled dust at individual
measurement sites in the work environment were within
the range 0.26+81.55 mg-m= (Fig. 1). The highest mean
concentration of inhaled dust was observed in the tun-
nels under the elevators — 68.32 mg-m= (57.37+81.55),
while dumping grain into the grain hopper— admission
of grain - 20.16 mg-m- (11.20+37.5), manual cleaning of
flour dust - 17.19 mg-m? (7.12+28.60) and dumping of
grain from the elevator’s chamber to the mill - 15.1 mg-m?
(6.51+26.98). In the case of respired dust (alveolic frac-

tion), the highest mean values were also noted in the tun-
nels under the elevators - 3.96 mg-m= (3.16+4.96), during
the dumping of grain into the grain hopper — admission
of grain 1.46 mg-m? - (0.91+4.22), manual cleaning of
flour dust - 1.17 mg-m= and dumping of grain from the
elevator’s chamber to the mill 1.06 mg-m= - (0.14-3.30)
[Buczaj A. 2008b].
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Fig. 1. Dust concentration at work environment sites in grain
mills (mean values and range) [mg-m-]

In industrial mills the studies of dust occurring in the
workers’ respiratory zone while performing work activi-
ties at the workplaces of an elevator operator, miller and
packer showed a high level of extra-thoracic fraction in

Table 1. Dust concentration at workplaces in grain mills (mean values and range) [mg-m-]

Measurement of GRIMM 1.108 device
Workplace
inhaled fraction thoracic fraction alveolic fraction
elevator operator 22,98 8,2 08
P (9,13-47,4) (1,86-17,3) (1,9-3,5)
miller 371 1,34 0,18
(1,28-10,56) (0,30-4,33) (0,05-0,52)
acker 10,09 1,57 0,10
P (4,06-73,64) (0,64-14,6) (0,04-1,43)
admission of grain 20,16 8,46 146
g (11,20-37,5) (5,72-19,26) (0,91-4,22)
central switching station 0,40 0,20 0,07
9 (0,26-0,57) (0,14-0,25) (0,06-0,08)
. . , 15,1 6,26 1,06
dumping of grain from the elevator’s chamber (6.51-26,98) (1,78-12,15) (014-3,30)
separators 2,87 0,91 0,16
P (1,61-6,05) (0,29-1,97) (0,03-0,41)
fan blowers 2,38 0,59 0,09
(1,21-11,72) (0,29-1,35) (0,05-0,36)
rotary vibrations mills 4,21 196 0,32
y (1,49-26,73) (1,07-4,33) (0,11-0,99)
manual cleaning of flour dust 17,19 767 117
9 (7,12-28,60) (3,80-11,09) (0,8701,45)
transportation passages 4,67 2,69 0,79
P passag (4,28-5,06) (2,44-2,99) (0,66-1,18)
cyclone filters 185 102 0,27
Y (1,59-2,18) (0,94-1,16) (0,24-0,30)
acking room - accommodations 543 145 0,16
packing (1,11-25,46) (0,31-6,32) (0,05-0,5)
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inhaled dust. In the cleaning and packing departments
the percentage contribution of the fraction withheld in
the head region was the highest. This dust is deposited
in the nasopharynx, from where it is removed due to the
self-cleaning mechanisms, showing also a lower patho-
genic affinity.

Measurements performed at the sites of the work en-
vironment in the mill while manual cleaning of dust, near
cyclone filters and transportation passages showed that
dust occurring at these sites contained a higher content of
respired fraction, dust deposited in the thoracic-bronchial
section, and also thoracic fraction dust penetrating be-
yond the pharynx, and therefore a higher exposure to
fine particles of dust. In the central switching station
the highest percentage of respirable dust was observed,
accompanied by a relatively low percentage of extra-
thoracic fraction, which evidences the penetration there
of the finest dust fraction.

The estimated level of the mean weighted concentra-
tion of both total and respirable dust for an 8-hour workday
at a workplace of a miller in 3 mercantile industrial mills
in the study did not exceed hygienic standards, while in
one case the standard was only slightly exceeded which
suggested the need to carry out additional examinations
[Buczaj A. 2008b]. For the workplaces of a packer and
elevator operator in all the industrial mills examined
the MAC values for total dust were exceeded, while the
MAC values for respired dust were not. Considering
the exposure to total dust at workplaces of a packer and
elevator operator a 2.5-fold and even 6.5-fold exceeding
of the MAC values was noted.

FUNCTIONAL ASSUMPTIONS OF THE SYSTEM

The main task of the described and designed system
of monitoring and surveillance of working conditions is
the control of ventilation and dust cleaning systems in
order to reduce the occurring elevated level of dustiness
at key sites of the working environment down to the level
below the MAC value. In addition, when an elevated
level of dustiness occurs in individual rooms of the grain
mill (exceeding the MAC value) the system, due to the
alarm and access control systems, limits the access for
employees not associated with work performed at a par-
ticular workplace. This task will be performed through
the acquisition of measurement data collected by the
supervision system from individual detection elements
located in the rooms (climatic parameters) or directly in
individual machines (technical parameters). The use of
the model of an integrated system shared by the basic
control system and by the supervising system for the
same infrastructure elements will be the best solution to
perform this task [Buczaj M., Sumorek A. 2011]. Such
solution will make it possible to limit the costs associated
with the use of an additional system (checking supervision
system). This system will be additionally characterized by
identical signals transmitted to the control and supervision
system enabling the correct evaluation of the situation

existing in individual objects or rooms. Fig. 2 presents
the organizational scheme of the system.

The perfromance of the main task of the system
(maintenance of the proper levels of dustiness at work-
places in the mill) is based on the control of executive
elements of the system (exhaust fans with regulation
flow system), based on the signals from the detection
elements (dustiness detectors distributed in the rooms
of the mnill and at workplaces). To make the correct
operation of the system possible it is necessary to develop
individual algorithms for control and construct the control
application which would consider the specificity of the
particular enterprise.

An additional function of the virtual supervision
system increasing the functionality of such system con-
sists in the potential acquisition of measurement data
and their archiving as well as the possibility to apply the
mathematical models and calculation algorithms in order
to determine an optimal work schedule for individual
devices. It is possible to provide the program with an
additional panel enabling the transmission of information
about the necessity to perform planned inspections of the
devices with the specification of the parts required for
this purpose. The advantage of such system over a stand-
ard solution consists in the fact that all necessary data
will be displayed and available for the user at the same
location on the computer screen in order to enable more
complete control over production processes occurring
in the grain mill.

Dustiness level control system in grainmill
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Fig. 2. Block organizational scheme of the system

In the proposed system of control of the level of
dustiness in a grain mill the following main elements
of the system should be mentioned (fig. 3):

— control unit — a computer by means of which the sys-
tem is operated;

— disposition system — a selected device servicing and
running the programme set by the operator (control-
lers, power supply and control systems, etc.);
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— detection elements (detectors) — detectors of the level
of dustiness installed at neuralgic sites in the enter-
prise which determine the current level of dustiness
in a particular zone, shut door detectors in passages
controlled by the system, etc.

— executive elements (actuators) — extractor ventilators
and dust cleaning filters, and elements blocking access
to the rooms controlled;

— elements mediating information exchange among the
control systems present in the mill.

Grain mill rooms 1

Information system

:

Grain mill rooms 2 Supervision system

:

Grain mill rooms 3

Local information system)

:

Fig. 3. Topology of the control grain dust supervision system
in grain mills, D — detectors, A - actuators

In order to provide the correct operation of the sys-
tem and perform the tasks associated with the complex
servicing of all workplaces in the mill which are exposed
to an increased level of dustiness, the system must be
an integrated system. Such a system is characterized
by a high information exchange between the individual
elements of the system [Buczaj M. 2009].

This means that all elements of the system should
cooperate with one another and exchange information
concerning the current state of operating. Such require-
ments may be satisfied by the central disposition system.

This does not mean that the system may be a dissipa-
tion system; however, it is important that the informa-
tion concerning the state of appliances are constantly
exchanged between individual elements of the system.
In the solution proposed, the system is controlled from
a designated workplace, but it may possess a number of
control stations at key sites in the enterprise.

An additional function of the proposed system is its
openness. This means that the system can cooperate with
other systems in a grain mill, and in this way enable the
improvement of work safety, not only due to the decrease
in the risk of dustiness, but may also reduce other hazard-
ous factors present at the workplace (e.g. noise).

The Labview programming environment was selected
to perform the assumptions of the programme. The La-
bview environment enables the performance of complex
funtions in the proceses of acquisition, archivization,
procesing, and the analysis of the measurement data.
This not only provides the possibility for free creation of
programme structures of measurement and stimulation
systems’ useful in research projects, but also the crea-
tion of applications enabling the construction of modern
control systems supervising technological processes. The
task of the described system controlling ventilation and
dust cleaning systems is to reduce the MAC values for
grain and flour dust at selected workplaces in a grain mill.

SYSTEM OF CONTROL OF DUSTINESS
LEVEL IN A GRAIN MILLS

The system of control of the dust level in a grain mill
was developed based on the LabView programming en-
vironment. This environment possesses large capabilities
of servicing technological processes, both with respect
to measurements and control, and also individualized

Fig. 4. User’s interface of the system
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approach to the process of creating systems operated by
many users [Tlaczala, 2002]. According to authorizations,
individual users may have various access authorization
to the system. Due to the above-mentioned, the system
is stable and resistant to operating by non-authorized
persons. An additional advantage of the applications
developed within the LabView program is their indi-
viduality. It is possible to use certain schemes, as well
as to equip the programmes with individual solutions.
This allows the adjustment of applications to some-
times dynamically changing situations in an enterprise
(e.g. change of technology, change of the assortment
produced, etc.).
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The following elements may be distinguished in the
programme managing and controlling the operation of
the system:

— user’s interface (fig. 4) — allows (according to authori-
zation) control, change of configuration, or the control
of operation of the system;

— organizational scheme (fig. 5) — internal connection
between individual elements of the application en-
abling the performance of tasks set by the user on
the control panel;

— 1/0service (operation of inlet and outlet devices) (fig. 6)
— a system component responsible for the acquisition
of data from detecting elements of the system and
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sending information to the devices controlling the
operation of executive elements.

The proposed system of control of the level of dusti-
ness in a grain mill may operate in an automatic mode, or
manual mode controlled by the dispatcher from the main
distribution centre, and in an emergency mode control-
led by the user at a workplace. Such a solution not only
makes it possible to optimize the operation of the system
in normal conditions, but also allows the adjustment to
the current demands in case of state of emergency, or
risk for life and health of an employee.

Apart from managing and control of the operation
of the system it may be equipped in the registration of
events. This means that a history of the system operation
is created, through to which it is easier to determine the
causes of occurrence of states of emergency, and due to
time registration it is possible to specify the periods of
the planned conservation breaks.

CONCLUSIONS

Dust concentrations exceeding the MAC values which
occur at the sites of the work environment in grain mills
may constitute risk for the health of the employees ex-
posed to them, therefore it is necessary to undertake
actions in order to reduce workers’ exposure to grain and
flour dust. This should be obtained by the reduction of
the emission of dust or by limitation for the employees
of access to the rooms where high concentrations of dust
occur which, in consequence, result in the exceeding of
MAC values at an individual workplace.

The work environment in a grain mill is associated
with the occurrence of many hazardous and troublesome
factors at this work. The most important hazardous fac-
tor occurring in the work environment in grain mills is
grain and flour dust. While penetrating into the airways,
dust is settled and deposited in various sections of the
respiratory system. The biological effect of dust depends,
among other things, on its biological and mineral com-
position, size of particles, and amount of dust settled in
individual regions of the respiratory system. Minimization
of dust-related risk, and especially the reduction of the
dust concentrations registered to the allowable values,
should become a goal for the managerial staff in the mill.

Owing to the application of the virtual supervision
system integrated with the autonomous control systems
applied for the execution of the production and storage
processes at grain mills it is possible to extend the scope
of parameters and functions obtained by the user. Ad-
ditionally the status of individual systems is monitored
the supervision system and the user is provided with the
complex access to information from one place.

Thanks to the application of LabVIEW software de-
livered by National Instruments, the access of the user
is possible to advanced applications enabling the com-
munication with external devices in several ways. In this
system it is possible to use the serial and parallel ports,

TCP/IP protocol as well as wireless connection with the
devices. The last option increases the data transmission
process efficiency. The systems are under uninterrupted
control and the user is immediately informed thereof.
Therefore the systems users are able to quickly localize
the failure and to eliminate the defect source in case of
a breakdown or danger status.

The system of dustiness control developed enables
the measurement of dust concentration at specified sites
of the work environment, and such a control of dust
cleaning systems which would minimize risk occurring
in the form of grain and flour dust.

The application of the LabView environment for the
construction of the system allows the creation of systems
adjusting themselves to the needs of an individual units
and users. It provides a possibility to implement this
system in a simple way to various units, e.g. change in
the number of work sites, dust cleaning systems, etc.
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Summary. T he main results of the study present a prac-
ticable attempt for conducting the economic and mathematical
modeling of the probable effect of the factors on formation the
milk processing production competitiveness as the main factor
of formation the competitiveness of the very milk processing
enterprise under conditions of Ukraine’s membership in WTO
and sharpening the world economic crisis.

Key words: competitiveness, economic and mathemati-
cal modelling, factors, milk processing enterprise.

INTRODUCTION

Aggravation of competition under conditions of eco-
nomic crisis and saturation the milk products market of
Ukraine with foreign products makes the problem of rais-
ing the level of competitiveness of domestic milk process-
ing enterprises to be the urgent question of the day. One
of the objective ways to raise the level of competitiveness
of these enterprises is to raise the level of competitiveness
of their products that in return is affected by a number
of other factors. The problem is that there are no well
elaborated techniques for mathematical modelling of
probable effect of these factors today that is considered to
be a good ground for a proper investigation in this area.

RESEARCH ANALYSIS AND PUBLICATIONS

Such economists as G.Azoev, V.Andriychuk,
L.Balabanova, P.Berezivskyy, R.Hlibov, F.Horbonos,
Yu.Hubeni, A.Zheleznyak, S.Kvasha, Yu.Korobiv,
V.Kudlay, M.Malik, V.Mesel-Veselyak, O.Nuzhna,
B.Paskhaver, Zh.Poplavska, L.ramenskyy, V.Reutov,
P.Sabluk, B.Supikhanov, R.Phathutdinov, S.Shevelyova
have paid much attention to the problem of raising the
competitiveness of milk production enterprises recent-
ly. SVasylchak, N.Havryshko, N.Holomsha, R.Dudyak,

M.lIchuk, M.Parhomets, V.Savytska, V.Topikha,
S.Shevelyova, O.Shpychak, et al. dedicated their stud-
ies to particular issues of milk production market as
well as to elaborating the mechanisms for developing
the milk production sub-complex of Ukraine. Market-
ing aspects of milk production have been given much
attention in the scientific publications of M.Andrushko,
G.Astratova, R.Dudyak R.Blum, Ye.Dolan, T.Kenig,
B.Klepatsky, F.Kotler, M.Sakhatsky, D.Stoner, J.Holey.
It is also worth mentioning the young researches such
as N.Botvina, 1.Bulakh, N.Dmytrenko, T.Dobrunik,
A.Zheleznyak, V.Korchahina, O.Lytvynova, R.Lupak,
V.Martynyuk, A.Nikolayeva, R.Oleksenko, N.Olkhovska,
O.Prus, 1.Tsymbalyuk and some others who study par-
ticular elements of competitiveness of milk production
enterprises. The dynamic changes in the conditions of
economic activities that took place in Ukraine when it
joined the WTO and because of sharpening of the world
crisis requires profound and extended study that would en-
able to optimize the economic activity of milk processing
enterprises in order to enhance their competitiveness on
the foreign and domestic markets. To obtain more accurate
results when conducting the research it seems reasonable
to consider the feasibility to apply the economic and math-
ematical methods of modelling the influence of different
factors on the formation of the rate of this competitiveness.

MATERIALS AND METHODS OF RESEARCH

During the study, a variety of contemporary methods
of scientific research have been applied, abstract and
logical and monographic being the main ones. Apply-
ing these methods made possible to conduct revision of
the materials and publications related to the problem of
competitiveness of milk production enterprises of Agro-
Industrial Complex under conditions of the world crisis.
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Due to statistical and economic method of research the
structural and dynamic tendencies of the development of
regional milk production sub-complex have been evalu-
ated. The method of scientific abstraction and the method
of analysis and synthesis made possible to generalize
the obtained information and to make conclusions that
have been valuable for science and practice. The list of
references includes the works of economic researchers
who study the same problems as well as the relevant
official statistical data. The principles of economic and
mathematical modelling of economic processes and events
have been applied in practice.

THE PURPOSE OF THE STUDY

The main purpose of this paper is to present the results
of probable application of economic and mathematical
modelling in order to study the effect of factors on for-
mation of milk processing enterprises’ competitiveness
as the main factor for formation of competitiveness of
this type of enterprises under conditions of Ukraine’s
membership in WTO and general economic crisis.

THE RESULTS AND DISCUSSIONS

The development of economy has always been accom-
panied by the competition that’s why competition as a phe-
nomenon has a very distinct historical character. «From
the point of view of horizontal structure, control of one
enterprise creates conditions for monopoly and function-
ing of a large number of totally independent companies
under conditions of market coordination provides condi-
tions for perfect competition» [19]. J.S.Mill wrote about
competition that «taking into account that competition is
the only regulator of prices, wages and rents it is a law all
by itself and it sets the rules of its regulation» [2]. And
a representative of neoclassic school A.Marshall defined
competition as a competition «... between two persons that
compete especially when selling or buying something» [1].

Considering competition as a specific rivalry in the
surrounding of salesmen or in the surrounding of buy-
ers among themselves for the place on the market or for
conditions of purchasing or selling the product, A. Smith
just formulated his famous principle of “invisible (hidden)
hand” as a principle of competitive struggle and survival
under market conditions [4].

All the history of economic development can be
viewed as a history of competitive struggle [17]. The
company is successful in competitive struggle due to its
competitive advantages, which are treated by different
scientists in different ways. The concept of competitive
advantages was first developed by Professor M.Porter. In
his works he thoroughly analyzed the factors that would
provide the competitive advantage for the company when
applying them [11].

Directions for formation the competitive advantages
of a company in fact are the grounds for formation the

desired level of its competitiveness that can be under-
stood in two ways, i.e. as an economic category and as
a characteristic of a particular enterprise.

Company’s competitiveness as a category does not ex-
ist separately from other economic categories which char-
acterize the company’s conditions at a specific moment
or describe the perspectives of company’s development.

So, the efficiency of the enterprise (the efficiency
here is more likely to be considered as a social economic
category) will have a direct effect on competitive positions
of this particular enterprise on the market and it will make
these positions stronger, in other words competitiveness
of the enterprise at this very moment is presented in its
competitive position on the market.

In a very broad meaning M.Porter defines competi-
tiveness as «possibility to win in a competition», and in
economics «possession of qualities that provide advan-
tages for the subject of economic competition», and «dif-
ferent objects by origin - types of products, enterprises
and organizations, their groups...» [10, p.138] can pos-
sess these qualities. A somewhat similar approach was
presented by R.Phathutdinov who considered competi-
tiveness as «...characteristic of an object that describes
degree of satisfaction of a certain demand in comparison
with better analogues presented on this market» [15].

The results obtained when investigating the concept of
“competitiveness” logically led us to necessity to consider
“competitiveness” on different levels [20]. The hierarchy
of the objects of competitiveness may logically have the
following order:

— competitiveness of a commaodity (service), (products);
— competitiveness of an enterprise;

— competitiveness of a branch (production);

— competitiveness of a country.

Moreover the content of the concept of competitive-
ness on each level has its distinguishing features.

Competitiveness of the enterprise can be defined as
«its ability to compete successfully and to win» [16].
According to the functional approach when studying the
enterprise’s competitiveness, its level depends on the level
of organizational work of all its divisions and services, and
the operational efficiency of these subunits depends on the
efficiency of the use of enterprise’s resources, i.e. competi-
tiveness of the enterprise is the function of all its internal
resources [5]. In other words, competitiveness of the enter-
prise depends on a large number of internal and external
factors that dictate the application of a systematic approach
to investigation of their influence. [13]. «Certainly, there
is a possibility of combination the efficient economic
activity and effective competitiveness. But the enterprise
may demonstrate competitive advantages on some market
segments and have low economic indices. On the other
hand, high economic efficiency of the enterprise does not
provide competitive advantages» [19]. Though, «high com-
petitiveness of the company is a condition to obtain high
profit under market conditions» [18], «but in case when
the production costs are as low as possible, when available
resources are rationally used then domestic producers
can start fighting for the markets for their products» [18].
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On the basis of analysis of the content of above men-
tioned and other approaches regarding the very core of
the subject of competitiveness of enterprise, taking into
account the very rational thought that «competitiveness
of economic object shows its capability» [8], and also
that «competitiveness ... can be evaluated only by means
of comparison » [6]. we may formulate it as a category
that demonstrates economic relations among enterprises
regarding their capability to be presented on the market
of the particular products due to their competitive ad-
vantages when compared to their competitors.There are
grounds to define the competitiveness on the level of an
enterprise as a capability of this enterprise to compete
with the similar enterprise under any conditions. In other
words, it means to be profitable for a long time on the
market of similar products and to achieve goals using its
competitive advantages due to a number of corresponding
factors such as competitiveness of products, technologies
and equipment, personnel, management and organization
of business.

On the basis of conducted research we have come
to the conclusion that the key factor of the competitive-
ness of the enterprise under any conditions is in fact the
competitiveness of the products of this enterprise.

Regarding the competitive capacity of products there
are different approaches. Milk is a unique food product,
that has not been synthesized in the world by now. It has
no analogues among the food products as to its content
[12]. 40% of energy and protein a human receives from
milk and milk products during his life [3]. American
researcher [0.Ekls wrote: "Milk can substitute any product
but there is no product that could substitute milk” [7].
Competitiveness of products is understood as a quality
of this product to ensure a commercial success under
conditions of competition [9]. Competitiveness regarding
the particular kind of product involves its qualitative and
price characteristics [14]. When analyzing the results of
different approaches to the understanding the very mean-
ing of product’s competitiveness in order to determine
the milk competitiveness as an outcoming product of
milk processing enterprise we can treat it as combination
of its qualitative and valuable characteristics that make
this product being capable to better meet the demands of
customers in comparison with the same kind of products
on the market under conditions of competition. The level
of products’ competitiveness is made up of many factors,
quality and price being the most essential ones. These
factors are derivative from a big number of facts and
processes, some of which can be mathematically modeled.
These can be the level of high quality raw materials base
and the quality of managing the material flows that both
have effect on quality and price of the finished product
and its position on the market.

The research has been conducted on the basis of
regional milk production sub complex of AIC (Agro
Industrial Complex) that within the whole administra-
tive region include milk producers and milk processing
enterprise.

The method of mathematical modelling for managing
the material flows (in this case these are raw materials)
under conditions of equal income of milk raw materi-
als from the producers to the processing enterprise has
been studied.

According to the standard and operational informa-
tion we calculate the structure of transaction costs which
include the transportation costs of the raw materials to
the enterprise; costs for unloading and documentation;
costs for expansion of raw materials base (as an option of
economic relation); payment of managerial staff taking
into account that constant costs for purchasing of raw
materials for the given season (can be a year) account to
acorresponding amount [, hrv per ton , and the costs for
storing and refrigerating etc., — [, hrv per ton for a season.

In summer time milk processing enterprises mainly
operate when they are relatively well supplied with raw
materials which are delivered,

in constant intervals of time:

t=t-t_ =const, ®
In this approach:
t= I, (2)

where: 0 — number of delivery of raw milk for the
period T (days):

n=Y, €)
q
where: q — average amount of milk per one delivery:
1 C\V
S, =C,n :EC"V = ; , “
CaqT
S, =—"L—. 5
2= g ©)

Organizational expenses (S,) and the costs for storing
and refrigerating milk at different stages of technologi-
cal process (S,).

Total amount of transaction costs for the whole season
will make up:

CT
: 6
5 Q)

S=S5,+S, ==CV +
g

The enterprise is aimed to minimize these costs that
can be calculated as follows:

S =.2C,CVT, 7

and optimal meaning of g, can be calculated in the
following way:

_[2cyv
“Ver ®

The necessary financial resources for covering costs
for transportation and initial storing the raw milk can be
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calculated with the formula (4) and (5), and the calculations
show that their amount typically accountsto %2 of value S__ .

The predicted values of raw milk amount on average
per day for the period of the highest milking productivity
of cows are recommended to be calculated with formula:

qmin
t

In order to predict the necessary amount of transport
means to supply the necessary amount and steady income
of raw milk (O ), we need to apply the meaning of the
number of trips of one vehicle, load carrying capacity
and the average distance for delivery the milk to the
processing enterprise:

X
N,=— (10)
kP
In a similar way we can calculate the necessary
amount of labor force applying standard labor costs for
processing 1 ton of raw milk:

X =

©)

N, =XR. (11

To be able to analyze the tendencies for milk supply
over the year and particular seasons, it is advisable to
apply the statistical methods for processing these dy-
namic rates:

! 3
where: 0 - 24 dol. volume of raw milk income,
0, - adjusted meaning of 24 hr volume of raw milk
income.
The results of calculations show that the volume of
raw milk income over a number of seasons has been of
parabolic character:

_ Xt XX

1 (G =1,..n), 12)

X =3, tat+at’, (13)
where: t - unit time, then t = [=1, 2,..., [, and the
duration of the season will amount 0 = 0 days.
Parameters [J,[,[J have been determined by applica-
tion the method of the least squares:

an+a t+a, t°= X,
a, t+a t'+a, t'= X, (14)
a, t'+a ti+a, t°= t’x.

The system of regular equation as to [J,[],[] is solved
by applying the Cramer rule, and the obtained equation of
regression allows to determine the calculated meanings of
the average income of raw milk to the processing plant 0.

The calculations made on the basis of the data
obtained from Joint Stock Company «Halychyna» in
Radekhiv district, Lviv region, have proved the parabolic
character of the dynamics of the raw milk volume income
and confirmed the high value of the correlation coefficient

(R=0,897). Thus, the equation for the tendency of raw
milk income in 2009 applying this correlation coefficient
is the following:

3,01t?,

X = 349,72+ 242,64t (15)

and in 2010 with the correlation coefficient R=0,979,

X = 152,94 +164,51t 1,49t (16)
The conducted computations demonstrate that using
only the one year period data there is no sense to apply
the obtained equation regarding the tendency of raw milk
supply because it is evident that the coefficients used
have not been a function of sporadic factors and often
these factors can be regulated (e.g. milking productivity
of cows).
That’s why it is advisable to consider the coefficient
calculations [J,[],0]:
— taking into account the following factors:
— the expected volume of raw milk V(7),
— volume of raw milk at the beginning of the season
t,=00 0.
— volume of raw milk in the end of the season t =T, [J(0).
Initial data for the calculations of the values of the
above mentioned volumes are the cows’ productivity and
outcome of milk from each herd and producer and the
normative standards for processing every ton of raw milk.
So, at the moment of time t, =0 applying the equation:

70=x10:0=a0+a1 0+az 0=a0, (17)
we: can calculate that a; = X,.
And at the time t = [I:

X, =X =8, +aT +a,T?, (18)

that is:
X, =a,+a,T +a,T°

The total volume of raw milk, that is transported for
the time [0,T] will be:
T T2 T3
V= (a+at+ati)dt=a +a —+a,—.
0 2 3
By combining the equations (3.17), (3.18) and (3.19)
into the system of equation in three unknown EEEJ,DZ
we can get:

(19)

3, =%
2
a = T—2[3v T(2%, +X,)] (20)

3 (/o Lo
aZ:T—s[T(x0+xn) V1.
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As a means of solution of such a system of equations
it is advisable to consider the correlation:

Yn a'O

X, =a+al +a,1’
T2 T3

V=3T+a—+a,—.
gl +ta 5 T

(1)

The average value of the volume of raw milk income
at every moment of time t in the period [0,T], can by
calculated by means of the following equation:

X =X, +T£2[3v T(2%, +X,)]-

3 - o
t+F[T(x0 +X,) 2V]te. 22

In case of applying the presented method of calcula-
tions in other enterprises you must apply the correspond-
ing variation coefficient to correct the meaning:

=, (23)
X

where: x is the average volume of raw milk supply
for 24 hrs over the season calculated with method of the
least squares;

0 — mean square deviation of random variable [ ,

0 — mean square deviation of random variable [ .

The value 0 can remain unvarying over the future
period in case of negligible changes of values of its random
factors. But in case of required correction of one of the
important criteria the change of coefficients [ ,0,,0, will
be obligatory , that will cause the automatic reviewing
of criteria meanings:

t
ViV X).
t=1

Corrections mean taking into account the volumes
that have already been stored up by the moment of time
0 (even in the form of dry milk).

The conducted corrections of calculations will in
turn have effect on the volumes and rates of the whole
amount of works fulfilled in the enterprise.

In the same way we can calculate the future amount
of necessary vehicles and workers under condition of
available calculated standards and application of Poisson’s
law, i.e. distribution law of random variable:

ket

k!

0 — number of vehicles 0 =0,1,2,....;

P, (t) — probable (-income of vehicles per unit of time t;
0 - — Napierian base (U = 2,71828).

0 — number of vehicles 0 = 0,1,2,....;

P, (t) — probability O- of vehicles’ per unit of time t;
0 — Napierian base (0 = 2,71828).

X, =X; X, =%, t=0T=T,

R = , (24)

The time for service of one vehicle is calculated in
the same way:

P=( t)=e | (25)
where: 0 > t) — probable excess of time t time
interval [ between regular trips of vehicles.

The conditions presented in mathematical model-
ling are much harder than they can be in real life thus
providing a certain “safety factor” for estimation the
operation of the system.

With the aim of further mathematical formulation of
considered dependences we indicate: the average number
of vehicle units as [; the average number of vehicle units
that are unloaded per unit of time — as 0:

= (26)
t_ . 1
where: t . —the average time for servicing one vehicle
unit;

0 - number of unloading places;
a=— - loading level of enterprise.

Then:

— probability value that all milk pick up points are out

of operation:

IPU
PO =n F# , (27)

$k=0 KZlh
— probability value that 0 milk pick up points perform

unloading of vehicles:

ak

Tkt

— the average number of unloading places in milk pick
up points:

P, P, @ k n) (28)

n

N,= kP, (29)
k=1

— number of unused places at the operational milk pick
up points:

N =n N, (30)
— milk pick up point working index:
N
k =— 100%, (3D
n

— coefficient of idle periods in a milk pick up point:
N

k, =—> 100%, (32
n
— idle periods probability before unloading:
—_— an
P = o P, (33

— average number of vehicles standing idle before un-
loading:
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m= P. (34)
Then the total amount of financial losses of milk
processing enterprise as a system will include losses
from idle hours of vehicles and losses from underuse of
operational milk pick up points:
S=mC;+N C, (35)
where: [0, — is money equivalent of the value of
standing idle of a vehicle unit, hrv/dol.; 00, - is money
equivalent of the value of underuse of one operational
milk pick up point, hrv/dol.

Let’s estimate the operation of milk pick up points
of a Joint Stock Company «Halychyna:

— income intensity of vehicles with raw milk, 0 =5
units/dol,

— the average time for unloading of one vehicle unit
at MPP (milk pick up point), [, = 5 minuts, i.e. 0 =
10 units/dol,

— the value of idle hours of one vehicle unit make out
0, = 105 hrv/dol,

— the value of underuse the operational capacity of one
MPP, 0 =215 hrv/dol.

The most wide spread conditions for using the op-
erational capacities of milk pick up points are the ones
that correspond to n = 5, 6,7,8,9 and 10.

Then, for example, when n = 7 the losses of enter-
prise make out S, =2146,3 hrv/dol. When we set up two
more milk pick up points at each enterprise, that is n =
9, then losses from inefficient unloading make out S,
=1446,3 hrv/dol, and the economy cuts per hour will be
0S=§, -§, =700 hrv/dol.

CONCLUSIONS

The hierarchy character of dependences between
the level of competitive capacity of the enterprise and
its products and different rates of factors of this level
specifies the structure and block character of economical
and mathematical model in order to optimize this level
of products’ competitiveness taking into account the
organizational and legal type of economic activity of the
producer. Application of the economical and mathemati-
cal modeling for providing the products’ competitiveness
must become an integral part and instrument of the
system for controlling its level. The suggested approach
for analyzing MPE (milk processing enterprise) opera-
tion makes possible to apply the mathematical model for
more effective management than under real conditions.
Making regulations and adjusting the presented and
formal indices, studying possible results we provide
conditions for development of automated monitoring
system aimed at making managerial decisions regarding
the organization of MPE business and milk processing
enterprise in general to ensure the higher level of their
competitiveness.
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Abstract. We present a characteristic of nonequilibrium
phenomena and describe a method of determining the interde-
pendence of thermodynamic forces and irreversible processes
caused by them.

Key words: nonequilibrium state, unstable systems,
thermodynamic

Any engineering system has a certain technological
structure, i.e., consists of a series of interrelated elements.
Each structure on a certain j-th level is characterized by
some collection of variables. In the twentieth century, due
to profound experimental and theoretical investigations,
the notions of physical laws have become wider. We
should mention here, firstly, the discovery of nonequi-
librium structures arising as a result of irreversible proc-
esses, where system relations are established naturally
of themselves, secondly, the idea of the constructive role
of time following from the discovery of nonequilibrium
structures, and thirdly, the appearance of new postulates
concerning dynamic, unstable systems. These discoveries
have changed our concept of determinism [1].

It should be emphasized that at present the proposi-
tion of enthropy increment is by no means reduced to an
increase in disorder because order and disorder appear-
ance is explained by new, unique phenomena [3]. If the
situation under study is far from and exist simultaneously,
then, order and disorder prove to be tightly connected:
one of them includes the other.

Our perception of nature becomes dualistic, and the
basic concept in this perception is the idea of nonequilib-
rium state [2]. The matter is of nonequilibrium

status not only leading to order and disorder, but also
making it possible to detect an equilibrium, then differen-
tial equations modeling this or that natural process become
nonlinear, and analysis of a nonlinear equation, asarule, is
not reduced to a single type of solution. In this connection,

anew solution can lead to changes in the space-time inter-
pretation of the object or phenomenon under consideration.

Studying the interrelations between different physical
phenomena does not cancel the phenomenological laws,
existing within the framework of each phenomenon,
but enables one to evaluate heuristically the possibili-
ties of refinement and generalization of these laws and
to understand their meaning more profoundly. These
postulates are based on the principles of nonequilibrium
thermodynamics [4...6], where the Onsager [ Casimir
reciprocal relation, established experimentally, has a
fundamental character. This proposition, which can be
called the fourth law of thermodynamics [7], is especially
important in the modeling of real gas mixtures.

As the determining (rheological) relations supple-
menting the system of equations of heat and mass transfer,
it is customary to apply the phenomenological relations
of irreversible processes (Onsager relations):

I, = :‘zlLHX,,k =12,..,N, (1)

where: N is the number of independent physical pro-
cesses and L, is the matrix of phenomenological (kinetic)
coefficients, connecting the fluxes L, and thermodynamic
forces X..

The fluxes and thermodynamic forces in (1) are, in the
general case, tensor quantities of any rank. The physical
meaning of Kinetic coefficients can be clarified, within
the framework of molecular-kinetic theory.

The number of nonzero kinetic coefficients in (1) is
bounded by the Curie principle [4], according to which
the components of fluxes (i.e., components of vectors
along the coordinate axes) will depend not of all compo-
nents of the thermodynamic forces. For example, in the
case of an isolated system, processes of different tensor
dimensionality do not interact between themselves. In
addition, within the framework of Onsager relations,
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the Onsager O Casimir symmetry relations (the so-
called reciprocity principle) are taken as an independent
postulate [7]:

Le(B, ) =& L ( B, 7). @)

Here: B is the magnetic induction, [0 is the angular
velocity of rotation of the system, &, =1 for even (energy,
concentration) and &,=-1 for uneven (momentum density)
microscopic parameters (even or uneven functions of
particle velocities). For an isotropic nonrotating system
in the absence of external magnetic field, the symmetry
relation (2) takes a simpler form;

I‘kl = le’ (3)
where: L, are scalar quantities.

We may consider the symmetry relations (2) and (3)
as an empirically reliableaxiom, which is corroborated
within the framework of statistical mechanics and by
experimental data.

It should be emphasized that, in analyzing the hydro-
dynamic as well as the heat and mass transfer processes,
the phenomenological approach (based on the postulates

of nonequilibrium thermodynamics) enables one to obtain
the defining relationships for the thermodynamic fluxes
as well as algebraic formulas connecting the coefficients
of molecular transfer and convenient for calculations.
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Abstract. In this report the results of experimental in-
vestigation on the influence of pollution on heat characteristics
of tube with longitudinal fins are presented. The thickness of
polluting on the finned surface in different time moments is
measured. The dynamic of growth for polluted thickness is de-
termined. As follows from experiments, the profile of polluting
along the height of fins is near to trapezoidal. The temperature
distributions in fins and total heat flux conducted by finned
wall at the different time moments are found. The presence of
pollution on the finned surface leads to change of temperature
distribution in fins which substantially differ from the similar
distributions for “clean” fins. The questions connected with the
choice of the optimum dimensions of fins being polluted are
discussed. It is shown that the optimum dimensions of fins are
dependent on the value Biot number of polluting.

Key words: pollution, fin, tube, temperature

INTRODUCTION

In the process of exploitation of finned heat ex-
changes, which work in polluted environment there is
affected their heat efficiency. It is caused by precipitation
of pollution on the extended surface. The profile of this
pollution along the fin height may be complicated and
the influence of pollution on the thermal characteristics
of finned surface can be considerable.

By the modelling of heat transfer processes in the
fins with pollution or coating which possess a low heat
conductivity it was shown [1, 2], that in this case the
thermal characteristics of finned surface have a con-
siderable distinction from the characteristics of “clean”
surfaces. For example, the temperature distributions in
fins with pollution are characterized by great differences
from the similar distributions for fins without polluting.
Besides, the presence of pollution on the finned surface
lead to the necessity of taking into account the influence
of pollution on the choice of the optimum dimensions
of fins [1,2].

In this report there are presented the results of experi-
mental investigations in which the processes of growth
of the pollution on the finned surface and influence of
pollution on the temperature distributions, heat efficiency
of fins and summary heat flux from tubes with the longi-
tudinal fins were studied. Also, the questions are studied
connected with the calculated heat transfer methods and
the choice of fin optimum dimensions for conditions of
pollution of the extended surface.

EXPERIMENTAL APPARATUS AND PROCEDURES

There was created the experimental set up for inves-
tigation of influence the pollution on heat transfer condi-
tions in tubes with longitudinal fins (Fig. 1). As a source
for production of the waste gases with the polluted compo-
nents, a diesel-fed engine was used having the power of 48
kWi, which worked using the fuel-oil. The experimental
test section consists of the finned tube, which is contained
within the outside tube (system “tube in tube”). The
heating surfaces of this section had the next dimensions:
outside tube diameter — 89 mm, inside tube diameter —
30 mm, length of tube — 2500 mm; fin height — 20 mm;
fin thickness — 1 mm; number fins on the tube — 12.

The experiments were carried out in three directions:

1) Carrying out of balance tests.

2) Measuring the temperature of heat carriers in
the channel inside a pipe, and leading into a pipe, in
the wall of pipe and along the fin height in the different
sections of test section.

3) Determination of the thickness, and thermal and
physical properties of pollution.

In balance tests the expenditure of exhaust-gas and
water, and output temperatures of gas and water were
determined. Also the aerodynamic resistance in gas high-
way was determined.
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Fig. 1. Scheme of the experimental set up: 1 —inlet tube; 2 —flexible junction; 3 — gas collector; 4 — experimental sections; 5 — outlet
tube; 6 — regulation valve; 7 — arrangement for bringing cold water up; 8 — arrangement for the leading of hot water; 9 — system for
the cooling of hot water; 10 — circular pump; 11 — device for the measurement of water expenditure; 12 — device for the measurement
of the pressure of water; 13 — thermometer for the measurement of the temperature of water; 14 — cartridge-case of thermometer; 15-
-16 — thermocouples; 17 — device for the measurement of temperatures; 18 — device for the measurement of gas expenditure; 19 —de-
vice for the measurement of the change of gas pressure in the experimental section; 20 — device for the measurement of gas pressure
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Fig. 2. Experimental section: a) longitudinal and cross section of finned tube, 1-8 — thermocouples along the fin height and on
the tube; b) area of fin with insertions for the determination of the thickness and profile of pollution, 1 — fin; 2 — insertions of the
type «swallow tail»; 3 — toothed base of insertions; 4 — junction of the insertion with fin; 5 — thermocouples

Table 1. Expenditure and temperature of heat carriers

Name values Dimension Stage | Stage |1 Stage I11 Stage IV
Time hour 4 72 144 216

Gas expenditure kg/hour 215 207 206 205
Temperature of gas

input o 294.9 294.2 295.0 296,5
output 91.6 110.3 124.4 128,5
Water expenditure kg/hour 3670 3700 3470 3710
Temperature of water

input °c 57.6 56.6 50.7 54,0
output 60.3 58.6 53.1 56,2
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For the realisation of works three sections of the
finned pipe were prepared for the distances L, =200,
L,=1250 and L,=2300 from the beginning of fins (Fig-
ure 2). In these sections for the measuring of temperatures
in the finned pipe thermocouples were set - in the pipe
under the fin, in the middle part of the pipe between the
fins and also a few thermocouples along the height of
fin with the distance of 5 mm between them (Fig. 2a).

With the purpose of determination of the thickness as
well as the thermal and physical properties of pollution
on the fin, insertions were made of the type «swallow
tail» with toothed base (Fig. 2b). On each of the three
sections on the length of pipe three insertions were made.
This gave the possibility to take the insertions out in
different time moments. To provide a reliable contact
between the insertions and the fin, an aluminium foil
was used. In different moments of time, the measurement
of expenditures, pressures, temperatures was conducted
and the collection of insertions was performed. Further,
the thickness of pollution was measured for the different
heights of the fin, weighing the insertions with pollu-
tion, afterwards the coefficient of heat conductivity was
calculated for the samples of pollution.
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The measurements were conducted for the time period
right up to the completion of stabilising of the thickness
of polluted layer. Such measurements were conducted in
in a few stages:

I. tests with a clean surface period of time),

I1. in 72 hours (3 days) the work of setting,

I11. in 144 hours (6 days) the work of setting,

1V. in 216 hours (9 days) the work of setting,

V. in 288 hours (12 days) the work of setting.

RESULTS AND DISCUSSION

As the conducted measurements showed, after 216-
220 hours (9 days) the thickness of pollution on the sur-
face of the finned pipe was stabilised. The results of the
measurement of expenditure for gas and heat carriers,
their temperatures on and beyond the experimental sec-
tion for different time periods are presented in Table 1.

In Table 2 the results of the measurement of the thick-
ness of pollution are presented for different sections along
the length of finned pipe and along the height of fin for
different distances from the fin base. Besides, in Table 2

Table 2. Thickness of pollution on the surface along the fin height for the different sections

Stage 11 Stage 111 Stage IV
Name values Dimension
L, | L, | L, L, | L, | L, L, | L, | L,
Gas expenditure kg/hour 207 206 205
Temperature of gas °C 288 190 124 290 204 129 291 205 131
Thickness of pollution along the
gel'gst of fin 088 |060 |022 |13 |112 |053 |165 | 145 | 090
0125h mm 0.82 0.5 0.22 1.25 1.08 1.60 0.88
Oy5h 0.67 0.35 0.18 1.08 0.89 035 | 135 1.25 0.78
0175h 0.54 0.26 0.12 0.95 0.74 0.30 1.25 1.10 0.72
h’ 0.49 0.23 0.08 0.87 0.60 025 | 115 1.00 0.67
Average thickness of pollution along |, 075 | 040 |017 |113 |o090 |o038 |140 | 126 | 080
the height of fin
Average increase of pollution mm 0.75 0.40 0.17 0.38 0.50 0.21 0.27 0.36 0.42
a b
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Fig. 3. The distribution of thickness of pollution along the fin height in the different cross-sections of the fin: a) L=200 mm;

b) L=1250 mm
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the average thickness and average increase of thickness
of pollution along the height of fin are presented for the
different sections of a pipe. As follows from the measure-
ment, the thickness of pollution increases on the measure
approaching the fin base, and that of pollution along the
height of fin for all sections is near to trapezoidal (Fig. 3).
The thickness of pollution is decreased along the length
of fin (Fig. 4). The dynamics of change of the pollution
thickness on the fin in time is presented in Fig. 5. From
this figure it follows, that for the initial periods of time

D 5 i
L5
h=0
10 \ l?=3mm
R % h=5mm
I — \:‘?L h=10mm
o
h=15mm W20
200 1250 2300 L (mm)

MENDELEYEV

the most intensive growth of deposit. With time the speed
of increase falls and it is not increased in future, therefore
there follows the stabilisation of deposit thickness. This
process is typical for all the sections along the length of
pipe. However, the processes of stabilisation of pollution
have some displacement at times (later in the process)
while approaching the areas of finned surface.

Characteristically, on the initial areas of finned pipe
the increase of depositsis is substantially greater than
on the areas.

b) 3, (mm) t=216 hours
20 L h=0 h=3mm
%{ h=5mm
15—y —
B=10mm
S
10 ™ .
h=15mm N
h=20mm
0.5
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Fig. 4. The distribution of thickness of pollution along the fin length in the different cross-sections on the height of fin: a) t=72

hours; b) t=216 hours
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Fig. 5. The dynamics of change of average pollution thickness
on a fin ( =Il, 11, IV — number of stage)

The measurement of the coefficient of heat conductiv-
ity for the material of pollution was conducted. It turned
out that this value is near to DC:O.11Wt/m°C. Some de-

viations from this value are caused by the changes in the
structure of pollution during its growth on the finned
surface at different time moments. In the initial periods
of time they have a more dense structure, and with time
soot pollution has a more fragile structure, and its thermal
and physical properties are changed. The measurement
showed that the maximal deviations from the middle
value 0.11 Wt/m°C did not exceed 10%.

The results of the measurement of the temperature
of pipe and fins, in the different points on the height on
the different sections along the length of finned pipe,
are presented in Table 3. The typical temperature dis-
tributions along the height of fin, in one of sections for
different time moments are shown in Fig. 6. As follows
from the figure, the temperature distribution in the fins
at the presence of pollution substantially differs from the
distribution for fins without pollution. The presence of
deposits on the finned surface leads to a more uniform

Table 3. The temperature of fin along the height for the different sections along the length of pipe

Stage | Stage 11 Stage 111 Stage IV
Name values

Ll | LZ | L3 Ll | LZ | L3 Ll | L2 | L3 Ll | LZ | L3
Gas expenditure, kg/hour | 215 207 206 205
Temperature of gas, °C 282 154 91 288 190 124 290 204 129 291 205 131
Temperature of tube, °C 65 62 60 59 59 58 54 54 52 57 56 55
Temperature of fin along
the height, °C
0,15h 65 62 60 59 59 58 54 54 52 57 56 55
0,25h 102 87 64 67 64 60 65 60 53 67 60 57
0,5h 117 93 65 82 69 62 76 64 57 78 66 60
0,75h 140 98 66 95 77 64 92 74 60 99 75 63
H 187 122 76 126 93 72 118 86 86 120 89 70
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distribution of temperature along the heightaf - the
more so, the thicker the deposits.

Fig. 8. The total heaBux leading frombnned tube in the dif-
ferent periods of time

Fig. 6. The temperature distributions along the heigttrofor  their coincidence in a satisfactory way. The maximal er-
the sectiorL. =200 mm in the different time periods rors in the calculations do not exceed 15%.
The important question at the design of heat-exghan

Using the balance measurement of the expendituess working in a polluted environment is the chaife
and temperatures for gas and water heat carriees, the optimalpns. The paper [2] provides the formulas for
total heat3ux leading fromPnned tube in the different the calculation of the optimum thickness and heigfht
moments of time was calculated. The results of éheue  longitudinalbns with pollution or coating:
lation are presented in Fig. 8. As follows from uHig 7, 1+Bi Q, 2

the presence of pollution on the surfacebohed pipe t opt = 0,632 = , )
leads to a considerable decrease of the total heqt (o ToST,
which consists of nearly 30%. ;
The numeral modelling of heat transfer in pipedwit Ny opt =0, 7979”(i % , 2
0>

longitudinalbPns at the presence of pollution on the ex-
ternal surface was conducted. The results are ¥alid
the temperature distribution and hed@éncy ofbnned where: . is heat transfer coetient,h, / - accord-
tubes with deposits at using the sinmgld, two-dimen- ingly, height and thickness &, /_is the thickness of
sional and conjugated model. The comparison oftt®spollution or coatingT, is the temperature ¢in baseTg
found in these models with experimental data showedthe temperature of external heat car@r= ./ /
is the Biot number of pollutiorQ, - heatBux of thebn.

a) As follows from the expressions (1), (2) an optimum
height and thickness tins depends on the Biot number
of pollution. These are increased with the growitBiot
number. With such conditon the optimum thickness an
height ofbns is byl,5 time higher compared with the
optimum of «clean¥ns. The iffuence of nonuniform-
ity of pollution along thé>n height on the optimurian
dimensions may be taken into account, using the correct
coefbcients [2].

The crucial issue is the correct choice of theroptn
of bns for heat exchanges with extended surfaces which
subject to pollution would enable an improvement of
the mass and dimensional characteristics of suah he

b) exchanges.

CONCLUSIONS

1) Dynamic of change the thickness of pollution on
the surface obnned pipe is determined. It was found
out that the maximum speed of the growth the théslsn
of pollution takes place on the initial sectionfafned

Fig. 7. The temperature distributions along the lengthrofor  surface. In the course of time the thickness olutioh
the different sections of then height: af=4 hours; by=216 s stabilised, besides the process of stabilisasidater
hours nearer the end offenned pipe. Priale of pollution along



