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Abstract

Purpose. Determining the influence of the degree of pneumatic energy losses in the non-hermetic air supply network on
the efficiency of using installed equipment in the pneumatic method of waste utilization from mining and beneficiation of
minerals. To achieve this purpose, a tightness control device was developed using the method of fixed volumes.

Methods. Using the molecular-kinetic theory of gases, the thermodynamics and hydrodynamics laws, the characteristics of
an open thermodynamic system under excess pressure and with a degree of a capillary-type leakage are investigated. Pneumatic
energy losses in the pneumatic supply pipeline are determined by the mass of compressed air leaked due to its poor tightness.

Findings. The peculiarities of the tightness control of hollow products by the method of fixed volumes have been summarized.
The dependences of non-production losses of compressed air and the corresponding pressure drop on the geometric characteristics
of the air supply pipeline, the leakage in supply pipeline, and the time of assessing the degree of leakage have been determined.

Originality. For the first time, the relationship between the parameters of compressed air in an open thermodynamic sys-
tem under excess pressure during air leakage and its heat exchange with the environment has been revealed. The influence of
compressed air leakage in air supply networks on the efficiency of using vibration-pneumatic machines with an annular ejector
in backfill technologies has been determined.

Practical implications. The research results can be used to improve the existing or develop the new technological schemes
of air supply equipment that use pneumatic energy at mining and metallurgical enterprises. Minimization of energy consump-
tion can significantly expand the scope of application of pneumatic backfilling method.
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1. Introduction — utilization of mining and processing waste accumulated
In modern technological processes of mining enterprises, ~ On the mine surface. ] .
the waste from mining and beneficiation of minerals in most Utilization of mining waste and its use for backfilling the

cases accumulates on the surface. According to the Thermal ~ Mined-out space makes it possible to solve a number of envi-
Energy Technology Institute of the National Academy of ronmental problems including one of_the main mining tasks —
Sciences of Ukraine, the development of coal deposits in ~ FOCK pressure management. In particular, for underground
Ukraine over the course of a past century has led to the ac-  ¢0al mining, it would be appropriate to use technology of
cumulation of more than 190 million tons of beneficiation ~ 1€aving waste bottom rocks in the mined-out space without
waste. On the other hand, given the depletion of thick seams ~ ock winding to mine surface. However, despite the significant
of minerals in Ukraine, the volume of rocks after winding to ~ advantages of this technology of selective coal mining, it, like
the surface is significantly increasing and forming techno- ~ Many other backfill technologies, is not widely used by Ukrai-

genic waste from the extraction of these minerals [1]. nian mining companies, which is due to a number of reasons:
To date, Ukraine has accumulated huge amounts of mi- — the need for high mining rates; -
ning and processing waste, which makes the problem of its — significant costs for technological processes of trans-

utilization, especially in mining of flat coal seams and thin- portat_ion of backfill materials from the daylight surface to
bed seams of ore, extremely urgent, and its solution is pos-  the mined-out space;

sible in two ways: — the lack of effective technical means of backfilling, which
to backfill the mined-out space); fill mass at the lowest possible financial and capital costs.
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One of the ways to utilize mining waste in the mined-out
space is a pneumatic backfill method, which can be used in
ore and coal mining industry (at any thickness and dip angles
of the seams) when mining mineral deposits by different
mining systems. It is possible to solve the current environ-
mental and mining-engineering problems, including rock
pressure management, with the help of small-sized backfill
equipment, such as a vibration-pneumatic machine with an
annular ejector, developed at the Institute of Geotechnical
Mechanics named by N. Poljakov of National Academy of
Sciences of Ukraine (IGTM of NAS of Ukraine). This design
uses the complex influence of vibration-aerodynamic forces
on bulky material at the site of its loading into the transporta-
tion pipeline. This approach makes it possible to transport
various types of bulky materials (including sticky and wet
rocks) in various technological processes of mining, primari-
ly in utilization technologies for mining and processing
waste in the mined-out space [2], [3].

The most common equipment used for pneumatic back-
filling the mined-out space of mines is pipeline pneumatic
conveying system, in which the compressed air energy is
necessary to maintain moving of the material, especially
crushed rock, through the pipeline in a suspended state. Do-
mestic and foreign experience in the development and indus-
trial application of all pipeline pneumatic conveying system
without exception [4]-[9] shows that their use is constrained
by a significant specific consumption of compressed air for
production and supply to consumers. Specific electricity con-
sumption for pneumatic conveying of bulky material can reach
410 kw-hft, and the costs for wear-out of pipelines and equip-
ment can reach up to 50% of the transportation cost. This is
primarily due to the loss of full air pressure for accelerating
material transportation and overcoming possible blockages of
individual elements of pneumatic conveying equipment.

In pipeline pneumatic conveying system, including the
vibration-pneumatic machines, pneumatic energy provides
the required performance and transportation distance. The
efficiency of such systems in terms of leaving the rock in the
mined-out space is determined by a reliable and uninterrupt-
ed supply of compressed air. Air supply at mining enterprises
is carried out in a centralized manner through main and dis-
tribution pipelines or using mobile mine compressors. Re-
gardless of the compressed air production method, its supply
to mine consumers requires increased attention to minimiz-
ing pneumatic energy losses in the presence of compressed
air leakage in air supply systems.

In addition to the use of pneumatic energy in pneumatic
backfill technologies, this energy is primarily a vital energy
source for deep mines. In some cases, pneumatic energy is
the only possible type of energy for mines that are hazardous
due to gas or dust, and where sudden coal and air bursts are
possible. However, the condition of mine air ducts at opera-
ting mining enterprises [10]-[13] necessitates the implemen-
tation of specific measures aimed at reducing direct energy
consumption, material and technical resources when using
compressed air. However, finding the location of compressed
air leakage in branched underground air supply networks is
difficult and time-consuming.

An analysis in [11] of the ratio between compressed air
consumption parameters and past, current, and future costs for
it shows that more efficient use of compressed air can reduce
the cost of its consumption by up to 8% of the total mining
cost. There are known directions aimed at efficient energy
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management of mine compressed air systems, which are part
of large projects and give a certain effect in a short time, but
are not stable over time [13]. Today, non-production costs for
providing compressed air to mine consumers are quite
large [14]-[17] and the problem of reducing them is extremely
relevant, given the rising tariff prices of energy resources.

There are various ways to solve the existing problem with
the use of pneumatic energy. In particular, in [15], a local
comparative analysis method using the correlation between
the compressed air supply and its production is proposed to
determine the place of inefficient uses of compressed air in
an underground mine. At the same time, a regression analysis
is used to visualize and quantify the increase in the efficiency
of the entire underground compressed air system on the exam-
ple of the platinum mine underground network. Despite the
positive results achieved by applying the underground mine
energy management method, it has a number of disadvantages:

— a rather complicated mathematical apparatus of compara-
tive analysis, which requires adjusting the input parameters
in accordance with the conditions of each individual mine;

— the need to compare results at many levels;

— attracting additional managers, material and technical
resources to identify and prioritize local inefficiency of com-
pressed air in underground mine air supply networks.

One way to improve the reliability and efficiency of mi-
ning operations, as well as energy saving in the production,
transportation and consumption of compressed air by pneu-
matic energy consumers, is to minimize compressed air losses
by increasing the tightness degree of mine pneumatic network
elements. For this purpose, mining enterprises need to increase
the requirements for tightness control of compressed air supply
systems, especially for pneumatic backfill equipment.

Currently, various methods of detecting and eliminating
leakage of liquids and gases in the systems of their supply to
consumers have been developed. These methods are aimed at
developing reliable ways for detecting and localizing leak-
age, and each has its own advantages and disadvantages, but
in general, any detection of a substance pressure leakage
from a system requires work to minimize losses [18]-[20].

The most common and widely used method for determi-
ning the leakage degree in pneumatic systems and their parts
under excess pressure is the manometric method. This me-
thod, which indicates the gas pressure decay in products per
unit of time, is also called the “pressure decay” leakage test.
At the same time, while hydraulic leakage detection is
cheaper, easier and faster to use [18] for pneumatic tests, the
sensitivity of “pressure decay” method is limited by the per-
missible leakage and significantly depends on the influence
of changes in ambient temperature and atmospheric pressure.
The manometric method, developed at the IGTM of NAS of
Ukraine, makes it possible to eliminate the main shortcom-
ings of manometric method of leakage test of technological
systems and products. The developed method determines the
actual value of neutral gas (compressed air) microleakage
using the method of fixed volumes [21], [22].

A key factor in the technological efficiency of using any
equipment is the reliability of its operation [23]-[27], which
is estimated over a period of time by the probability of fai-
lure-free operation of this equipment. This quantitative indi-
cator of reliability is a function of a dimensionless failure
rate of a system or element. Failure rate in applied reliability
theory is determined by the following distribution laws rela-
tive to failure-free operation time:



S. Ponomarenko, 7. Potapchuk, O. Zhevzhyk, L. Kabakova, A. Potapchuk. (2023). Mining of Mineral Deposits, 17(4), 83-90

— the exponential law;

— the normalized law using the Laplace function;

— the Weibull law using its and gamma functions;

— the Rayleigh law.

The IGTM of NAS of Ukraine has studied the vibration-
pneumatic machine with an annular ejector for utilization of
waste from mining and processing of minerals using the
exponential law of its uptime distribution relative to the fai-
lure rate. Studies have shown that in the air supply network,
in the presence of compressed air leakage from 10 to 40%,
the distribution of this equipment uptime relative to the fai-
lure rate is in the range from 0.5 to 0.9. The uptime increases
with increasing compressed air supply volume and decreases
with increasing its specific volume consumption due to the
presence of leakage in the air supply networks [28].

For equipment using pneumatic energy, reliability indica-
tors depend primarily on the specific flow rate and pressure
of compressed air in air supply networks. In turn, the com-
pressed air consumption in mine pneumatic networks de-
pends on the pressure drop, which is affected by the leakages
of these networks and the number of pneumatic energy con-
sumers. The Ontario Mining Association once undertook a
compressed air leakage management project that costed
$ 532000 to prevent leakage in compressed air lines at vari-
ous types of underground mines (FNX Mining’s McCredy
West nickel mine, Inco Copper Cliff South CVRD nickel
mine, and Teck Cominco/Barrick Gold’s Williams gold
mine) and, as a result, to save energy. The goal of this project
was not only a comprehensive audit of using and saving
electricity in air supply networks, but also ways to improve
the reliability and the efficiency of pneumatic equipment by
preventing compressed air leakage [14].

The purpose of this paper is to determine the peculiarities
of assessing the influence of the air supply network leakage
on the reliability of pneumatic backfill equipment, which is
carried out by the method of tightness control of hollow
products with fixed volumes.

In accordance with the research purpose, it is necessary
to solve the problem of scientific substantiation and
development of a highly efficient and highly accurate
method for tightness control of mine pneumatic network
elements and to develop a method for calculating the
impact of pneumatic energy losses on the reliability and
efficiency of pneumatic backfill equipment for wider use of
this method during utilization of mining and beneficiation
waste in the mined-out space.

2. Methods

2.1. Vibration-pneumatic machine
with an annular ejector

A vibration-pneumatic machine (VPM) with an annular
ejector, the general view of which is shown in Figure 1, is a
small-sized (up to 0.4m in height and up to 200 kg in
weight) pneumatic conveying vehicle that belongs to site
pipeline pneumatic conveying systems and moves any type
of bulky materials over a distance of up to 120 m. Depending
on the geological and mining-technical conditions of back-
filling the mined-out space, it is necessary to supply the
compressed air with a pressure from 0.2 to 0.4 MPa and an
air flow rate from 25 to 50 m%min into the VPM in a stable
mode for transporting the rock [2], [3].

85

Figure 1. General view of vibration-pneumatic machine with an
annular ejector

2.2. Tightness control of hollow products
using the fixed volume method

Tightness control of hollow products using the fixed vo-
lume method involves measuring the temperature and pres-
sure of a control neutral gas (compressed air) [21], [22] in a
closed volume thermostat with two vessels (compensation
and reference) of equal volumes placed in it and a device for
measuring the pressure drop between them (Fig. 2).

Compressed
air

Figure 2. Functional scheme of tightness control by the method of
fixed volumes: 1 —thermostat; 2 — inlet fitting; 3 — tem-
perature sensors; 4 —barometric pressure sensor; 5 — de-
vice for measuring pressure drop; 6, 7 — compensation
and reference vessels; 8 —absolute air pressure sensor
in the reference vessel; 9, 10 - locking equipment;
11 — test object; 12 — pneumatic system

For the viscous regime of gaseous substance leakage
from overpressure product with rigid walls and a constant
leakage degree we have:

—the capillary-type gas leakage through leaky areas of
product can be assumed to be steady and laminar due to the
low leakage rate;

— the dynamic gas viscosity coefficient is constant due to
small temperature and pressure gradients;

— the geometric parameters of the total leakage locations
are constant.

Given the above, such a regime of gaseous substance leakage
from the product corresponds to the relations for an incom-
pressible liquid [29]-[31], primarily the Poiseuille equation.

The actual product leakage value is determined by the
change in air mass in the compensation vessel (hermetic and
thermally insulated vessel) taking into account the actual
change in air pressure and temperature in the tested product
(non-hermetic vessel). The IGTM of NAS of Ukraine has
developed a fixed volume leakage test device (DLTFV)
using the manometric method for determining actual leakage.
When testing a prototype using this device, the error in de-
termining the leakage degree of the tested product did not
exceed 17% with a permissible error of 20% [22].
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2.3. Determination of the relationship between
compressed air parameters in an open
thermodynamic system

When determining the relationship between the com-
pressed air parameters in an open thermodynamic system
(Fig. 2), the following ratios, obtained using the molecular
kinetic theory of gases and the laws of [21], [22], are used:

(mc’b +Amc)mp'bATch,b = (mC’bAmp —Amcmplb)x

_ )
XTC,pr,b + mc,b (mp’b +Amp )Tc,bATp’
m. ,Am, — Am.m
ATC= c,b p c'''p,b b+
Mpp (Mep + Amc)
(2
Mep (Mpp +4m;) T,
S AT
mp’b (mc’b +Amc) Tp,b
AP K
Ame =me || —+1| -1 (3)
R
AP 1% .
Am, =m —+ -1, 4
p=Mpb|| 5 (4)

where:

m., and mpp — initial air mass values in the compensation
vessel and in the product (test object), kg;

Am. and Am, — changes in air masses in the compensation
vessel and in the product, kg;

Tep and Tpp — initial values of air temperature in the com-
pensation vessel and in the product, K;

AT and AT, — changes in air temperature in the compen-
sation vessel and in the product, K;

AP —time-averaged drop in air pressure in the system, Pa;

Py — initial value of air pressure in the system, Pa;

k and n — adiabatic and polytropic coefficients.

In terms of physics, leakage flow or leakage refers to the
inleakage flow power of a substance located inside an object.
In the International System of Units (SI), the leakage flow
rate is specified in Pa-m3%/s = W. The real conditions for lea-
kage test of products using DLTFV correspond to the charac-
teristics of the viscous regime of gaseous substance flow. For
this flow regime, the value of 5> 10°W, and the gaseous
substance pressure in the product P, during the tests is
Py > 10° Pa, which causes the gas to leak into the atmos-
phere. The sensitivity threshold omin (the lowest inleakage
flow value) in the compression method (with excess pres-
sure) of implementing the manometric method of testing
products for leaks is determined as follows [22]:

o APyinVp

min — r 1

®)

where:

APmin — lower bound of pressure drop measurement, Pa;

V,, — the product volume, m3;

7— the time of product testing for leakage, s.

To assess the product leakage degree by the manometric
method in practical calculations, the generalized formula [22]
is used in accordance with Equality (1):
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(Pp,b B Pp,e)vp
T

o= = 4PV, (6)
where:

Ppp—gas pressure in the product at the beginning of
testing, Pa;

Ppe — gas pressure in the product at the end of testing, Pa;

AP, —gas pressure drop in the product per unit of time

(pressure drop rate).

2.4. Influence of the leakage degree in air supply networks
on the pneumatic energy non-production losses

As an example, consider the influence of leakage in air
supply networks when using VPM with an annular ejector in
combination with a compressor unit. The principle block
diagram of the use of DLTFV to assess the air supply pipe-
line leakage rate during repair and maintenance work is
shown in Figure 3. It is necessary to use DLTFV according
to the instructions for its operation when compressor is work-
ing, valve 2 is open and valve 5 is closed (Fig. 3).

Figure 3. Principle block diagram of using DLTFV to assess the air
supply pipeline leakage rate of theVPM: 1 — compressor;
2, 5 — shut-off valves; 3— DLTFV; 4 — air supply pipeline;
6 — VPM flexible hose; 7 -VPM with annular ejector;
8 — VPM pipeline pneumatic conveying system

The technical characteristics of the compressor correspond
to the specified compressed air parameters necessary for the
reliable functioning of the VPM with an annular ejector:

—volumetric productivity given for initial conditions,
Q, = 50 m¥/min;

— final pressure, nominal, abs. P; = 0.9 MPa;

— final temperature 7t = 333 K.

At the output of the compressor unit, the mass per second
productivity of compressed air supply to consumers is:

_ QpPy
60RT; '

f )
where:

R =287.14 J/(kg-K) — universal gas constant of air.

Due to the pressure loss 4P in the air supply network
elements, compressed air, which can be used for pneumatic
backfilling the mined-out space, enters the VPM with an
annular ejector with a mass flow rate per second:

2 2
1 RT¢ M7
- Pf +—_2 —
£2 4 P F
M —
sup — r 2 )
RTsup 1 RT M?
- Pf +AP—— Pf —
2 P F
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where:

F — the cross-sectional area averaged over the air supply
pipeline length (Fig. 3), m?;

Tsup — the temperature of the compressed air supplied to
the pneumatic energy consumer, K.

In general, when calculating and analyzing air supply sys-
tems, it is necessary to know how their temperature, pressure
and air flow rate change, taking into account cooling, leakage
and drags. In the case of assessing the leakage degree in the air
supply pipeline during repair and maintenance work, the
movement of air in it occurs only due to the presence of leak-
ages. In the case of assessing the degree of leakage of the air
supply pipeline during repair and maintenance work, the air
flows in it occur only due to the presence of leakages. There-
fore, the influence of drag can be neglected and it can be as-
sumed that non-production pneumatic energy losses are caused
only by the influence of leakages in the air supply pipeline.

If in the last equality we designate:

2
RT{M¥

f

, ®)

and pressure losses in the air supply network elements are

considered according to the Equation (6) as:
_or_or
V, LF’

p

which are determined during time z only by leakage ¢ in the
air supply pipeline of length L with total free volume V,,
then, taking into account Equality (7), the second mass non-
production compressed air losses are:

QP
AM:Mf _MSUp Zm—
9)
LR (p o B
RTgp | 4 LF 2

The average volumetric non-production compressed air
loss 4Q per minute is:

60AMRT;

P, (10)

AQ =

3. Results and discussion

3.1. Characteristics of an open thermodynamic
system under excess pressure and with
capillary-type leakage degree

The fixed volume method for tightness control of hollow
products assumes the presence of a system of connected
vessels, one of which is leaky (test object), and the other is
sealed and thermally insulated (compensation vessel). The
change in pressure and temperature of the gaseous medium
in this system during the test is compared with the corre-
sponding parameters in the reference vessel (Fig. 2). In this
case, the test object has a capillary-type leakage degree and
diffusion leakage of the gaseous medium occurs from it.

The research studies possible physical processes of the
distribution of thermodynamic parameters in a system of
connected vessels, in which gas leakage from a leaky vessel
occurs under the following conditions:

— the ambient temperature does not change;
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—the gas in the leaky vessel has time to cool down due to
heat exchange with the external air environment, where its
temperature decreases;

—there is an increase in gas pressure in a leaky vessel due
to heat exchange with the external air environment, where its
temperature increases.

During the step-by-step study of the physical processes
occurring in the studied system of connected vessels, the
following results have been obtained:

—a change in the gas mass of a leaky vessel due to its
leakage, taking into account heat exchange with the external
environment, causes a change in gas pressure in a sealed and
thermally insulated vessel, which causes a corresponding
change in the gas mass of this vessel;

—in the system, changes in gas mass occur with continu-
ous equalization of its temperature fields due to the presence
of a thermostat (Fig. 2), while the values of the total changes
in temperature and gas mass depend on the value of the tem-
perature change in the external air environment and gas pres-
sure due to its leakage;

— the heat exchange of the system with the external envi-
ronment does not affect the actual amount of gas mass leak-
age and the heat is distributed between the change in the
internal gas energy and the work performed.

The total gas microflow leakage from a leaky vessel of
constant volume and a constant leakage degree is consi-
dered by analogy with the steady-state laminar flow of a
viscous incompressible fluid through a cylindrical pipe of
circular cross-section. Studies performed using Ratios (1)-
(6) and the results presented in [22] have shown that:

— in a system of connected vessels, one of which is leaky,
and the other is sealed and thermally insulated, a mutual
redistribution of gas parameters occurs, during which the gas
parameters in the leaky vessel change according to the poly-
tropic law, and are transformed into changes in the gas pa-
rameters in the sealed thermally insulated vessel according to
the adiabatic law;

— at the same excess gas pressure in a system of connected
vessels, one of which is leaky and influenced by the external
air environment, and the other is sealed and thermally insulat-
ed, there is an invariance in the gas mass leakage value from
the leaky vessel due to a capillary-type leakage depending on
the temperature and pressure of the external air environment;

— in the power of gas leakage flow from a closed-volume
product that is under excess control gas pressure and has a
capillary-type leakage degree, there is a physical constant
AP+, which determines the pressure drop rate, the numerical
value of which is determined by the product design, the con-
trol gas type and the measuring equipment used to assess the
product total leakage degree.

In terms of its physical content, the pressure drop con-
stant of a gaseous substance corresponds to the time constant
of this substance flow: a value determined by multiplying the
product volume by the ratio of the pressure difference on
both sides of the substance flow to the substance flow rate as
a result of leakage.

3.2. Influence of compressed air leakage in air supply
networks on non-production pneumatic energy losses

One of the economic efficiency components when using
VPM with an annular ejector for utilization of mining and bene-
ficiation waste at mining enterprises is non-production costs for
supplying pneumatic energy. These costs primarily depend on
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the pressure drop, which is affected by leakages in air supply
networks and the number of pneumatic energy consumers.

As an example, consider the influence of the leakage
degree in the air supply pipeline (compressed air pressure
drop) when using VPM with an annular ejector in combina-
tion with a compressor unit in accordance with the scheme
shown in Figure 3.

Figure 4 shows graphical dependences of the minute-
averaged volumetric non-production losses of compressed air
and the corresponding pressure drop on the air supply pipe-
line leakage degree, taking into account its length and the
above technical characteristics of the compressor. Depend-
ences are constructed using Equations (5), (9), (10) and Nota-
tions (8) for initial conditions: F = 0.0314 m? (for & 0.2 m);
Tsup:303 K,T:4h

AP,kPa; 40, m¥min

204

T T
0.8 1.2

T
0.4

0.0

Figure 4. Dependence of time-averaged volumetric non-production
losses of compressed air and pressure drop on the air
supply pipeline leakage degree, taking into account its
length: 1, 2, 3 —volumetric flow rates for pipeline lengths
(L), equal to 150 m (1), 200 m (2), 300 m (3), respective-
ly; 4,5, 6 — pressure drop for pipeline lengths (L), equal
to 150 m (4), 200 m (5), 300 m (6), respectively

AL

Analysis of the dependences in Figure 4 shows that with
an increase in the free volume of the air supply pipeline (due
to an increase in its length at F = const):

—the minute-averaged volumetric non-production losses
of compressed air, which are approximated by polynomials
of the 3 degree with the approximation reliability value
R? — 1, decrease. At the same time, there is a minimum
permissible leakage degree of the air supply pipeline dmin, at
which, despite a slight pressure drop of an average volumet-
ric non-production loss AQ — 0, the value of dmin increases;

—the compressed air pressure drop decreases in direct
proportion to 4, in which the proportionality factor decreases.

The calculation results of the influence of compressed air
leakage in the air supply pipeline for the given initial data
show that in the range of changes of 0.2 W<d<2 W, the
compressor volumetric productivity loss can reach 50% or
even more depending on the free volume of pipeline used for
supplying pneumatic energy. Such a state of pneumatic ener-
gy supply of VPM with an annular ejector can significantly
interfere with the reliable functioning of this equipment.

Successive variation of the initial data during the analysis of
the influence of compressed air leakages on 4P and AQ in the
air supply pipeline at L = const does not change the qualitative
nature of the dependences AP, AQ and shows the following:

—a change in temperature Ts,, does not significantly
change the initial numerical values of AP and 4Q ;
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—a change in time 7 according to a directly proportional
change in the initial numerical values AP causes a decrease
(at ) or an increase (at zT) to 4Q — Q, of the correspon-

ding initial numerical values of AQ according to their poly-

nomial dependence on J > dmin;
—the change in the area averaged along the length accor-
ding to the inversely proportional change of the initial numeri-

cal values AP causes an increase (at F 1) to 4Q - Q, or a

decrease (at F 1) of the corresponding initial numerical
values according to their polynomial dependence on 6 > dmin.

Electricity tariffs for industrial enterprises are different,
depending on the energy distribution company, the voltage
class and have a tendency of constant growth. This leads to
an increase in non-production financial costs for the pneu-
matic energy loss during its transportation through the air
supply network of pipelines.

4. Conclusions

During repair and maintenance work at mining enterprises,
reducing the leakage degree of mine pneumatic network
elements and minimizing compressed air losses are among
the solutions to the problem of increasing the reliability and
efficiency of mining operations, as well as energy saving in
the production, transportation and consumption of com-
pressed air. Assessing the impact of leakages from com-
pressed air supply pipelines on the efficiency of using pneu-
matic backfill equipment, in particular ejector-type pneumat-
ic conveying system significantly expands the scope of ap-
plication of backfill technologies at mining enterprises.

Reducing the leakage degree of mine pneumatic network
elements and minimizing compressed air losses during repair
and maintenance work at mining enterprises is one of the op-
tions for solving the problem of increasing the reliability and
efficiency of mining operations, as well as energy saving in the
production, transportation and consumption of compressed air.

Determining the ratios between the compressed air pa-
rameters in an open thermodynamic system under excess pres-
sure, during air leakage and its heat exchange with the sur-
rounding air environment has made it possible to develop the
most advanced method of the tightness control of hollow
products by pressure decay. This method is based on the prin-
ciple of thermally insulated fixed volumes, in which scientific
novelty is combined with original technical and design solu-
tions. The studies have revealed that it is possible to determine
with high accuracy the degree of actual total leakage value of
air supply networks at low pressure, taking into account real
changes in the parameters of the surrounding air environment.

It is shown that the dependences of the pressure decay and
time-averaged volumetric non-production losses of compressed
air in an air supply pipeline of a constant length on its leakage
degree, which is not less than the minimum permissible value,
have the form of a 3rd degree polynomial. The coefficients of
these polynomials are determined by the tightness control time
and the length-averaged area of the pipeline. The method for
assessing the impact of air supply network leakage degree on
non-production pneumatic energy losses makes it possible to
obtain permissible tightness ranges of air supply systems de-
pending on their free volume, in which these losses are minimal.

The research results can be used in the development of in-
novative technological schemes for the use of VPM with an
annular ejector for the utilization of mining waste and benefi-
ciation of minerals at mining and metallurgical enterprises.
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Metoauka. 3a 10MOMOT0I0 MOJICKYJIIPHO-KIHETUYHOI TeOopii ra3iB, 3aKOHIB TEPMOANHAMIKY Ta TiAPOJAUHAMIKM JOCHTIIKEHO XapaKTePUC-
TUKH BIIKPUTOI TEPMOANHAMIYHOI CUCTEMH, 110 3HAXOAUTHCA M1l HAJUTUIIKOBUM THCKOM 1 Ma€ CTYIiHb HETEPMETUYHOCTI KaIIPHOTO THITY.
Brpary nHEBMaTHYHOI eHeprii B MHEBMOIOCTaYalbHOMY TPpyOOIpPOBO/Ii BU3HAYAIOTHCS 3@ BEIMYUHOIO MAaCH CTHCHEHOTO MOBITPS, 1110 BUTEK-
JI0 9epe3 Horo HerepMeTHIHICTb.

Pe3yabTaTn. Y3aransHeHO 0COOIMBOCTI KOHTPOIIO TEPMETHYHOCTI MMOPOKHUCTHX BHPOOIB 3a MeTonoM dikcoBaHnX 00’eMiB. Beranos-
JICHO 3QJISKHOCTI HEBHPOOHMYMX BTPAT CTHCHEHOTO IOBITPS Ta BiJIIOBIJHOTO MaJiHHS THCKY BiJl FTEOMETPHYHUX XapaKTEPHCTUK ITOBITPOIIO-
CTa4aJIbHOTO TPYOONIPOBOY, HAsIBHOCTI B HHOMY BUTOKIB Ta 4acy NMPOBEIEHHS OI[IHKU CTYIEHs HOTro HErepMEeTHYHOCTI.

HaykoBa HoBu3Ha. Briepiiie BCTaHOBIICHO B3a€MO3B’ 130K MTapaMeTPiB CTUCHEHOTO MOBITPS y BIIKPUTii TepPMOAWHAMIYHINA CHCTEM], LITO
3HAXOJAUTHCS MiJ] HAUIMIIKOBUM THCKOM, MiJ] YaC BUTOKY IMOBITPA 3 CUCTEMH Ta ii TEINI00OMiHY 3 OTOUYIOUHM CepeloBHUILIEeM. Bu3sHaueHuit
BIUIUB BUTOKIB CTHCHEHOTO MOBITPSA B MepekaxX MOBITPOIOCTadyaHHA Ha €()EeKTHBHICTh BUKOPUCTAHHS BiOpalifHOMHEBMAaTUYHUX MAIIUH 3
KiJIBLIEBUM €KEKTOPOM B TEXHOJOTIAX 3aKIaJHUX POOIT.

IIpakTnyHa 3HaYNMicTh. Pe3ybTaT TOCIiKeHb MOKYTh OyTH peanizoBaHi P BIOCKOHAIEHHI iCHYI0UMX abo po3poOIi HOBUX TeX-
HOJIOTIYHMX CXEM I[IOBITPOIIOCTadaHHS YCTAaTKyBaHHS, IO BHKOPHCTOBYE ITHEBMAaTHYHYy CHEprilo, Ha MIiANPUEMCTBAX TipHUYO-
MeTaypriifHOro KoMIutekcy. MiHiMi3alliss eHeproBUTpaT 3HAYHO PO3IIMPHTH 00JIACTh 3aCTOCYBAHHS ITHEBMATHYHOTO CIIOCOOY 3aKIagaHHs.

Knrouosi cnosa: necepmemuunicms, 6umoxu, NOGIMponOCMA4anHs, eHepeis, muck, mpyoonpogio
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