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ENHANCING EFFICIENCY OF AIR DISTRIBUTION BY SWIRLED-COMPACT
AIR JETS IN THE MINE USING THE HEAT UTILIZATORS

Purpose. Improving the efficiency of air distribution by swirling-compact jets due to creating a dynamic microclimate in the
mine when using supply and exhaust recuperators with utilization of heat of exhaust air. To achieve this goal, the task was to con-
duct full-scale experimental studies on the supply and exhaust recuperator, which forms swirling-compact jets, and obtain the
calculated dependences for the theoretical solution of air distribution in the mine, as well as to establish the interrelation of air
parameters to ensure optimal thermal condition of the mine.

Methodology. A supply and exhaust recuperator was selected for the study on air distribution by a swirling-compact jet in sta-
tionary and alternating modes. Numerical simulation of air flow in the mine in stationary mode is performed. The simulation was
performed using the k—e turbulence model.

Findings. Analytical graphical dependences for calculation of air distribution by a swirling-compact jet are received, which al-
low determining the velocity of air movement in compressed conditions of the mine in an alternating mode. Based on the nu-
merical modeling and comparison of known dependences with those obtained experimentally, the correction coefficient of com-
pression depending on the current coordinate is determined. The twisting effect changes the direction of the jet axis and is maximal
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at point A4 with relative coordinates X, =0.6 and y,=0.2; its maximum is in the areaz =0.7-0.8, given the presence of pulsa-
tions and instability of the regime. The theoretically obtained results are compared with the experimental data and a correction
factor is set depending on the current coordinate, the maximum value of which is k,, = 1.78.

Originality. The expediency is proved of application of swirling-compact jets formed by the recuperator with utilization of heat
of exhaust air in an alternating mode in aerodynamic and energy saving aspects. These measures will provide comfortable condi-
tions in the mine and achieve energy savings.

Practical value. The use of supply and exhaust recuperators with utilization of the heat of exhaust air will allow designing ener-
gy-saving air distribution schemes in the system of sectional ventilation for small-sized mines with provision of standard parame-

ters of air in an alternating mode.

Keywords: mine, swirling-compact jets, supply and exhaust recuperator, air distribution

Introduction. The issues of energy saving, energy account-
ing and consumption management are extremely relevant. In
the context of the acute economic crisis, the careful use of en-
ergy is an important priority of European economic policy.
Recently, the role of ventilation in creating conditions for high
production in mines has increased. Requirements for continu-
ous improvement of occupational safety and intensification of
production processes set a number of new challenges for min-
ing ventilation. Ensuring regulatory air parameters that create
a comfortable microclimate is an important task of the mining
industry [1]. High concentration of CO, and other gases in the
mine leads to deterioration of health and reduced efficiency of
workers [2]. To the mine air, strict requirements are set, be-
cause if it is not ventilated, it can be explosive [3]. There is no
doubt that energy consumption for the needs of the ventilation
system must be reduced as a result of energy efficiency mea-
sures [4]. To achieve the maximum effect, it is necessary to
determine the economically feasible level of thermal protec-
tion of microclimate systems, which should be optimal both
thermally and economically. The choice of energy-saving op-
erating conditions of existing mine ventilation systems is often
made taking into account economic aspects [5], which allows
establishing optimum possibilities of system, and, accordingly,
energy-saving conditions of their operation.

To install sectional ventilation of the mine one of the im-
portant tasks is to create an effective organization of air ex-
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change and, in particular, air distribution [6]. At the same time
the normalized velocity of air movement in a working area and
normalized excess temperature on the flow axis of the inflow
jet have to be provided. These values are normalized for differ-
ent ventilation systems and non-compliance with them can
both cause deterioration of human health and affect the opera-
tion of equipment. The choice of the method for inflow air
supply depends on the purpose of the room, technological
processes which take place in it, and other features [6].

Literature review. At designing microclimate systems for
mines, the main task is to create comfortable conditions in the
working area. Labor efficiency and quality of extracted coal
depend on the microclimate in the mines. Of great importance
is the air exchange in the mine, in particular, the choice of the
most efficient method of air distribution [7]. The advantages
and disadvantages of mechanical and natural ventilation are
considered, also different ventilation schemes and the amount
of air supply to the mine and the efficiency of air distribution
from different heights are described. However, when consider-
ing the mining industry, the issue of air exchange in small fa-
cilities, such as mining, was not considered, because in them
air distribution is a rather difficult task.

There is a large number of various designs of air distributors
with high intensity of attenuation of parameters (velocity v and
temperature f) of supply air [8]. However, the air distributors
for the air supply by swirling-compact jets were not analyzed.
A characteristic feature of the inflow jets created by such de-
vices is the increased turbulence compared to direct-flow jets.
The attenuation intensity of the parameters is characterized by
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the values of the attenuation coefficients of velocity m and tem-
perature n. For small mines, the air supply directly to the work-
ing area was not considered. The actual task in this case will be
to ensure the normalized temperature of the supply air.

At choosing the method for inflow air supply must take
into account the geometric dimensions of the mine, location
of equipment, sources of heat and hazards, as well as the pos-
sibility of laying supply jets on various surfaces [9]. However,
the issue of supply inflow air to the mines and the possibility of
laying them on the surface of different configurations remained
unresolved.

For objects of small volume and height, there are difficul-
ties in supplying a significant amount of air and ensuring a low
velocity of air movement in the working area. For this purpose
air-distributing devices with a small coefficient of attenuation
of velocity are suitable [10] and at supply of inflow air in a
working area - with small initial velocity. In this case, there are
effective air distribution devices with a sufficient air distribu-
tion area, low initial velocity, and low coefficient of its attenu-
ation [10]. The use of air distributors with high uniformity of
the air flow rate, leaving a nozzle and low coefficients of at-
tenuation of parameters of a supply stream in many cases is the
optimal solution for proper air distribution in mines.

It is known that the variable mode of air supply has a posi-
tive effect on human well-being and efficiency. The collision of
oncoming jets, twisting [ 11] and laying of inflow air streams [9]
are considered. In the considered schemes of air distribution
the energy-efficient variant is air supply by twisted-compact
jets. However, in mines for the adaptation of the thermoregu-
lation apparatus, improving the well-being and reducing fa-
tigue of workers, it is hygienically justified to change one of the
parameters, for example, the temperature or velocity of air
movement, according to the periodic law, that is to create a
dynamic microclimate. The authors did not analyze the effi-
ciency of air distribution in non-stationary mode.

Using the twist effect [11] and flooring effect [9] of jets is
an effective way to increase their turbulence; however, flooring
increases the range of the jet, which is undesirable for small
mines. Mutual attenuation of pulses when twisting jets leads to
the formation of turbulent air flow, which comes from the air
distributor to the service area.

An extremely important aspect in the study of jet streams is
the numerical simulation in the stationary mode [12]. In arti-
cle [13] fully developed turbulence is described that occurs in
mines, in straight channels of non-circular cross-section. The
techniques given in [14] are used for modeling of air streams in
the supply and exhaust recuperator. The methods for numeri-
cal modeling of the air flow in the room with different models
of turbulence were also analyzed [15]. Turbulence models were
compared, including a linear viscosity model, a nonlinear ver-
sion of the same model, as well as a seven-level full-second
level [16]. Direct numerical simulation (DNS) was used to
study the separated and rapidly attached turbulent boundary
layer [17]. Was investigated the thrust reduction for the devel-
oped turbulent boundary layer, flowing through an array of
shallow dimples, with a diameter comparable to the thickness
of the boundary layer [18]. Reynolds numbers were not high,
but insignificant. As can be seen from the methods, it is advis-
able to use the k—e model of turbulence [19].

To calculate the system of Navier-Stokes equations aver-
aged over Reynolds, the analysis of the corresponding mathe-
matical models was carried out [20].

An important priority of European economic policy is the
careful use of energy. The countries have a large-scale policy
in the field of energy saving. These tasks are complex and cov-
er both the legal framework and technical innovations. One of
the effective ways to reduce energy consumption for ventila-
tion is introduction of energy efficient systems [4, 5]. Due to
increasing the efficiency of air distribution by vorticity and dis-
semination of air jets, it is possible to ensure the normative
parameters of air in production areas [11].

Unsolved aspects of the problem. Based on a review of the
literature, it is stated that:

- there is a need to develop a method for calculating the
compact jet using the effect of twisting, namely twisted-com-
pact air flow;

- the properties of the flow of jets in an alternating mode
are insufficiently studied, because with providing comfortable
conditions indoors creation of a dynamic microclimate in a
mine plays an important role;

- there is no numerical simulation of the flow of swirling-
compact ventilation jets;

- insufficient attention is paid to energy saving issues in the
mine in general and the use of heat recovery units in particular.

Purpose. The aim of the work is to increase the efficiency
of air distribution by swirling-compact jets due to creation of a
dynamic microclimate in a mine at application of supply and
exhaust recuperators with utilization of heat of exhaust air.

To achieve this goal, the following tasks were set:

- to conduct full-scale experimental studies on the supply
and exhaust recuperator, which forms swirling-compact jets,
and obtain calculated dependences for the theoretical solution
of air distribution in a mine;

- to establish the relationship of air parameters to ensure
optimal thermal condition of the mine;

- to compare the theoretically obtained results with experi-
mental data and establish correction factors.

Materials and methods of research on air distribution by a
twisted-compact jet in stationary and alternating modes. A sup-
ply and exhaust recuperator was chosen to study the air distri-
bution by a swirling-compact jet in stationary and alternating
modes. It should be noted that the supply and exhaust recu-
perators (Fig. 1) have a characteristic design feature. The axial
fan is located at a distance from the air outlet that is less than
5 diameters of the supply pipe. This factor causes the twisting
of the incoming compact air jet, that is, the air flow comes out
of the hole in a twisted-compact jet. As a result, the damping
coefficients of the velocity and temperature of the supply air
stream decrease, that is, the aerodynamic performances of the
device are improved. This allows reducing the performance of
the ventilation system and the metal consumption of the sys-
tem as a whole.

Another positive feature of the device is an ability to con-
trol the flow of supply air and heat utilization for its heating.

A model Belimo LM24A (Switzerland) has been devel-
oped to create a dynamic microclimate in the room with the
help of a built-in electric drive (Fig. 2). This makes it possible
to change the air flow in the air ducts, and hence to supply in-
flow air in an alternating mode. This ensures a dynamic micro-
climate in the working area.

The connection of the electric drive, which is controlled
from the automation unit, makes it possible to smoothly adjust
the total air flow in the air duct. The flow of supply air through
the air distributors changes smoothly, the period is set by the
automation unit, thus creating a changing microclimate in the

Fig. 1. Supply and exhaust recuperator
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Fig. 2. Electric drive Belimo LM24A

working area, which makes it possible to improve sanitary and
hygienic conditions in the mine.

The results of analytical and experimental studies of air dis-
tribution by twisted-compact jet. Stationary jet flow mode. The
calculation of free compact jets is performed according to a
known formula

Ve=Vo > (])

where v, and v, are respectively the initial and axial velocity of
the air stream, m/s; x is a current coordinate, m; F is an area
of the air outlet, m?; m is the coefficient of attenuation of the
air flow velocity.

As is known, in the case of compressed jets, a compression
ratio is introduced k,, and the calculation formula looks like

this
mk | F
i pa )
x

The paper similarly proposes to introduce a correction
twist coefficient for jet k,, for swirling-compact jets and per-
form the calculation similarly to those for compact jets. Given
formula (1), we obtain the dependence

k. F;
v, :V‘)mfwil. 3)
X

v

X

Then the task arises of determining the twist coefficient &,
experimentally. Due to the twist, the axis of the jet will not be
directed along Ox, but at some angle a. The actual axis of the
jet will be Oz, at which maximum velocities will be observed.
Based on this, it is stated that the twist factor will be greater
than one (k,,> 1).

It is advisable to accept the following simplifications and
assumptions:

- the property of symmetry is valid;

- a flat problem is considered;

- the twist factor depends only on the current coordinate.

To generalize, it is necessary to take the calculated values
in dimensionless form.

Experimental studies were performed on a serial sample of
the recuperator with the following characteristics: supply —
115 m®/hour, exhaust — 105 m?/hour. The scheme of the ex-
perimental setup for the research is presented in Fig. 3. These
studies allowed us to assess both the thermal and aerodynamic
characteristics of the device.

Changing the performance of the supply system was car-
ried out by adjusting the fan air flow. The design of the recu-
perator provides 9 modes of operation of the fan, switching
which is carried out by means of the remote control. Measure-
ments of air velocity v were performed with a thermoelectric
anemometer Testo — 405 using a coordinator with a grid of
points 10 x 10 cm. Measurements were performed in cycles at

|
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Fig. 3. Scheme of experimental installation:
1 — recuperator; 2 — window sill; 3 — outer wall; 4 — sensor of the
thermoelectric anemometer Testo — 405; 5 — tripod; 6 — coordi-
nate grid

least twice, and in case of discrepancy of results more than
10 % were performed for the third time. At the same time, ran-
domization in time was maintained. In addition, the velocity
measurement at each point was performed for at least 120 sec-
onds with discrete (after 10 seconds) recording of impressions
and their subsequent averaging. The air temperature in the
laboratory was measured with a thermoelectric anemometer
Testo — 405 both before and after the experiment.

Experimental studies were performed under the following
conditions and simplifications:

- the area of the recuperator holes F, = 0.0025 m?;

- the flow of air flows was within L = 25—115 m’/hour;

- the initial air velocity was within vy = 1—11 m/s.

Based on the measurements of outdoor, indoor and supply
air temperatures at its various costs, it is known that at lower
air flow and outdoor air temperature ¢,,,>—8 °C the utilization
factor corresponds to the value stated by the manufacturer K =
=0.91. At higher values of air flow and outdoor air temperature
t,u < —8 °C the heat recovery coefficient is slightly lower (K =
=0.85-0.87).

Figs. 4—6 show the results of measuring the velocity in the
direct flow of a swirling-compact jet.

The results of the research (Fig. 4) show that due to the
twisting of the direction the jet axis Ox changes to Oz, which

coincides with the direction of the vector OA. This leads to an
increase in the velocity, which becomes the value v,, which is
determined from the formula

v, =\ VitV 4)

At point A with relative coordinates X, =0.6 and ¥, =0.2
(Fig. 4) there is a change in the direction of the jet axis from

y
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Fig. 4. The velocity field of a swirling-compact air jet
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Fig. 5. The dependence of the axial velocity v, on the initial
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Fig. 6. Dependence of the twisting factor k,, for a twisted-com-
pact jet on the current coordinate

OA to AB, that is, at this point the twisting effect begins to
appear.

The research results show (Fig. 5) that the initial section of
the jet passes into the main section at the point O at a distance
7 =0.2, and the effect of twisting is manifested starting from
the relative coordinate 7 =0.4 and acquires its maximum in
the field 7 =0.7-0.8, given the presence of pulsations and
mode instability. This is evidenced by the division of dashed
and solid lines in the graph (Fig. 5).

The presence of point A as a maximum in the graph
(Fig. 6), confirms the maximum twisting effect and the change
in the direction of the axis of the twisted-compact jet at point
A with the relative coordinate X =0.75, which is in the speci-
fied interval X =0.7-0.8.

To obtain the possibility of analytical calculations, the
graph in Fig. 6 was approximated by the following dependence

k,, =1.22+2.7(X-0.4)-3.8(X-0.4)". (5)

The correction of 0.4 is explained by the fact that directly
in this area the phenomenon of jet twisting begins. In this re-
gard the particular interest is only the area X =0.4-0.9, be-
cause in the area of 0.9—1.0 the jet is already attenuating.

Due to dependence (95), it is possible to determine the point
of maximum analytically. To do this, the expression (5) is dif-
ferentiated by defining the derivative of the function &, X

ko, =2.7-7.6(X—0.4). (6)
Equating the result to zero, we obtain (7)
2.7=7.6(x-0.4). (7

The result is X =0.755. Thus, the function k,, has a maxi-

mum at a point with relative coordinate X =0.755. As can be
seen, a satisfactory convergence of results was obtained.

Alternating jet flow mode. The movement of inflow jets
from the recuperator in the alternating mode is considered.
This factor is reflected by the change in air flow from L, to
L. Itis assumed and simplified that the change in supply air
flow occurs according to the harmonic law (8)

L=Asinor, (8)

where A is the amplitude of flow fluctuations A = L., — L,om»
and L, and L,,, respectively its maximum and nominal val-
ue.

For the use of air recirculation in air ventilation systems,
the concentration of CO, is determined indoors in the sta-
tionary mode [3], but the alternating mode is not taken into
account. In this paper, the alternating mode of air supply to
the room is taken into account. The change in quantity of
CO, is adopted according to the harmonic law, and the max-
imum amount of air and the minimum concentration of
CO, occurs simultaneously. The use of air supply to the
mine in non-stationary mode allows achieving energy sav-
ings of 40 % due to twisting of an air stream and 5 % due to
flooring [4].

Numerical simulation of the flow of a swirling-compact jet in
a mine in stationary mode. Numerical simulation of air flow in
the mine in stationary mode is performed. The simulation was
performed using the k—e turbulence model under the follow-
ing conditions: stationary traffic mode; initial velocity of the
jetvy=1—11 m/s.

Fig. 7 allows visualizing at the appropriate scale the results
of the study on the swirling-compact jet, which flows in the
compressed conditions of a small room, which corresponds to
similar conditions of mines. This figure clearly demonstrates
the effect of twisting when leaking a twisted-compact jet in
stationary mode, and also confirms increased intensity of at-
tenuation of the air flow rate.

The results obtained experimentally and using the k—e sta-
tionary turbulence model are compared. A satisfactory con-
vergence of experimentally obtained results and numerical
simulations is observed.

The assumption of symmetry properties in the characteris-
tics of the air jet is confirmed.

The attenuation coefficients of velocity and temperature,
which are respectively within the limits m = 4.1—4.5 and n =
= 3.5-3.9, depending on the device modification were deter-
mined. Therefore, the recuperator provides the optimal inten-
sity of attenuation of dynamic and thermal parameters of the
swirling-compact jet from the point of view of its long-range
and makes air flow sufficiently turbulized.

The reliability of the results of experimental studies was
justified by checking the adequacy of the mathematical model
according to Student’s, Fischer’s and Cochren’s criteria, at
the confidence interval o = 0.95.

Fig. 7. Results of numerical simulation using k—¢ turbulence
model
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Conclusions.

1. Analytical graphical dependences for calculation of air
distribution by a twisted-compact stream are received; they al-
low determining the velocity of air movement in compressed
conditions of the mine in the alternating mode; to obtain the
possibility of analytical calculations, the graphs were approxi-
mated by formulas; on the basis of the carried out numerical
modeling and comparison of known dependences with the
ones received experimentally, the corrective coefficient of
compression depending on the current coordinate is defined;
the effect of twisting leads to a change in the direction of the
axis of the jet and is maximum at point A with relative coordi-
nates X,=0.6 and y,=0.2; its maximum is located in the
region 7 =0.7-0.8, considering the presence of pulsations
and mode instability.

2. Use of supply and exhaust recuperators with utilization
of heat of exhaust air will allow designing energy-saving air
distribution schemes in the sectional ventilation system for
small-sized mines with provision of normative parameters of
air in the alternating mode.

3. The theoretically obtained results are compared with the
experimental data and the correction factor is set depending on
the current coordinate, the maximum value of which &, = 1.78.

4. The expediency of application of swirling-compact jets
both in aerodynamic and in the aspect of energy saving formed
by the recuperator with utilization of heat of exhaust air, in the
alternating mode, is proved. These measures will provide com-
fortable conditions in the mine and achieve energy savings.

5. The research results can be used in the design of energy-
saving sectional air distribution schemes for small mines.

Prospects for further research in this direction. Further re-
search should be conducted to prove the effectiveness of the
proposed methods for other types of premises.

Of interest are studies on the acoustic characteristics of the
proposed equipment.

In future, it is advisable to take into account the impact of
production equipment and heat sources on air distribution in
mines. The possible presence of local exhaust systems plays an
important role in such an air distribution scheme. This can sig-
nificantly affect the efficiency of the use of swirl-compact jets.
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Meta. [IlinBuieHHs1 e(EKTUBHOCTI IOBITPOPO3IOALTY
3aKpyYEHO-KOMITAKTHUMM CTPYMEHSIMM 3a PaxyHOK CTBO-
PEHHS TUHAMIYHOTO MiKpOKJIiMaTy B TipHUYill 11aXTi IPH 3a-
CTOCYBaHHi ITPUTTJIMBHO-BUTSKHUX PEKYIIEpaTOPiB 3 YTHITi3a-
Ii€I0 TEIIOTH BUKMIHOTO TOBITPs. JIJIST MOCSTHEHHS METU
OyJIO TIOCTaBJICHO 3aBIAHHS ITPOBECTH HATYPHi eKCITIepUMEH-
TaJIbHI TOCIIIKEHHS TIPUTUTMBHO-BUTSKHOTO peKyIiepaTopa,
1110 YTBOPIOE 3aKPYyYEHO-KOMITAKTHI CTPYMEHi Ta OTpUMaTH
PO3paxyHKOBI 3aJIe3KHOCTI /ISl TEOPETUYHOTO BUPILLIEHHS 110~
BITPOpPO3MOMiNly B TipHMYili IMAaxTi, a TAKOX BCTAaHOBUTHU
B3aEMO3B 130K ITaPAMETPIB ITOBITPSTHOTO CEPEOBUIIIA JUTST 3a-
Oe3IeYeHHsI ONTHMAaIbHOTO TEIJIOBOTO CTaHY IIIaXTH.

Metonuka. s 1oCiKeHHS MOBITPOPO3IOAiTY 3aKpy-
YEeHO-KOMIMAaKTHUM CTPYMEHEM Yy CTallioHapHOMY Ta 3MiHHO-
My pexXumi 6ys10 06paHO MPUTTMBHO-BUTSKHUN peKyIiepa-
Top. BUKOHAHO 4YMCIOBE MOIENIOBAHHS ITOTOKY IIOBIiTpsI B
1I1axTi y craiioHapHOMY pexxumi. MoneatoBaHHSI TTPOBOIN-
JIOCh 3a IOTIOMOTO0I0 k—& MOojieTi TypOY/JI€HTHOCTI.

Pesyabratu. OTprMani aHaliTUUHI rpadivHi 3a1eXHOCTI
IIJIS1 PO3PaxyHKY MOBITPOPO3MOAiTY 3aKpYy4eHO-KOMIAKTHUM
CTpYMEHEM, IO J03BOJISIIOTh BUSHAYATH IIIBUIKICTh PYXY ITO-
BITPSl Y CTUCHEHUX YMOBAX TipHUYOI IIAXTU Y 3MiHHOMY pe-
kuMi. Ha migcraBi rnmpoBeneHOro 4ucJIOBOTO MOJETIOBAHHS
Ta CITIBCTABJICHHSI BiJOMMX 3aJIeKHOCTE 3 OTpUMaHUMU
€KCITepUMEHTAJIbHO, BM3HAUCHO TIONMpaBHUI KoedillieHT
CTMCHEHHSI 3aJIeXKHO BiJ MOTOYHOI KoopauHatu. Edekr 3a-
KpY4yBaHHSI TIPU3BOIUTH IO 3MiHU HAIPSIMKY OCi CTpyMeHS
Ta € MAKCUMaJIbHUM Y TOYLli A 3 BITHOCHUMU KOOPAUHATAMU
x,=0,6 ta y,=0,2; it0ro MaKCMMyM 3HaXOOUTHCS B 0OJIaC-
1i 2=0,7-0,8, ypaxoByiouu HasiBHiCTb IyJIbCaLliii i HECTIi-
KiCTh pexkuMy. BukoHaHe MOpiBHSIHHSI TEOPETUIHO OTPUMa-
HUX Pe3yJbTaTiB 3 eKCIIePUMEHTAIbHUMU JaHUMU Ta BCTa-
HOBJIEHO MOMpPaBHUI KOeDilliEHT y 3aJIe5KHOCTI Bifl TOTOYHOL
KOOPIMHATU, MaKCUMaJIbHE 3HAYeHHSI SIKOTO K\, = 1,78.

Haykosa HoBu3HA. /loBeneHa TOLIIBHICTD SIK B a€pOIMHA-
MIYHOMY, TakK i B aCIIEKTi EHEProoIaAHOCTi, 3aCTOCYBaHHSI 3a-
KPy4e€HO-KOMITAKTHUX CTPYMEHIB, YTBOPEHUX PEKYTIePaTOpOM,
3 YTUJI3AIl€I0 TEIUIOTH BUKUIHOTO TOBITPSI, Y 3MiHHOMY pe-
>kuMi. Lli 3axonu nanyTb MOXJIMBICTb 320€3MeUnT KOM(OPTHI
YMOBM B TipHUYIH 11IAXTi i JOCATHYTH €HEProolaaHOCTi.

IpakTnyna 3HaunMicTs. BUKOpUCTaHHS MPUTIITUBHO-BU-
TSKHUX PEKynepaTopiB 3 YTUJIi3alli€l0 TEIUIOTU BUKUIHOIO
TOBITPSI TACTh 3MOTY ITPOEKTYBAaTH €HEPTOOIIaTHI CXeMHU TT0-
BITPOPO3IOiy B CUCTEMI CEKIiMHOI BEHTWISLIIT TSI Majio-
rabapuTHUX FipHUYMX LIAXT i3 3a0€3MeYeHHSIM HOPMATUBHUX
napaMeTpiB MOBITPS Y 3MiHHOMY PeXXUMi.

KinrouoBi caoBa: cipnuua wiaxma, 3aKpy4eHo-KOMNAKMHI
cmpymeni, NPUNAUBHO-8UMSICHULL PeKynepamop, nogimpopos-
noodin
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eas. IToBbiieHre 2(h(HEKTUBHOCTU BO3AyXOpacripese-
JIGHUSI 3aKPYYEHO-KOMITAKTHBIMU CTPYSIMU 3a CYET CO3MaHUS
ITUHAMHWYECKOTO MUKPOKJIMMATa B TOPHOU IIaXTe MPU MPU-
MEHEHUM MPUTOYHO-BBITSIKHBIX PEKYIEepaTOpoOB C yTUIM3a-
LIMEi TeIIOThI BEIOPOCHOTO Bo3ayXa. ISl JOCTVKEHUS LIen
ObLIM TIOCTAaBJIEHBbI 3aJayd MPOBECTU HATYpHbIE KCIEPU-
MEHTAaJIbHbIC MCCIICIOBAHNS TTPUTOUYHO-BBITSIKHOTO PEKYTIC-
paTopa, KOTOpblii 00pa3yeT 3aKpy4eHO-KOMITaKTHbIC CTPYU U
MTOJIYYUTh PACUCTHBIC 3aBUCHMOCTH JIJIST TCOPETUICCKOTO pe-
LIEHMST BO3MyXOopacIpenejcHus B TOPHOM IIaxTe, a TakKxKe
YCTAaHOBUTH B3aMMOCBSI3b TIapaMETPOB BO3MYIIHOM CpeIbl
711 o0ecreyeHus] ONTUMAaJIbHOIO TEIJIOBOTO COCTOSIHUS
IIAXTHI.

Meroauka. [lns uccienoBaHUsS BO3ayXxopaclipenesie-
HUS 3aKpYy4eHO-KOMITAKTHOM CTpyeil B CTAallMOHAPHOM U
CMEHHOM peXume OblI M30paH MPUTOYHO-BBITSIDKHOM pe-
KyrnepaTop. BuImosHeHO YMClIeHHOEe MOIEIMPOBAHKE TO-
TOKa BO3/yXa B IlIaXTe B CTALlMOHApPHOM pexume. Mopaenu-
pOBaHME TPOBOIMIOCH C TIOMOIIBIO k—& MoOIENHn TypOy-
JIEHTHOCTH.

Pesyabrarel. [lomydeHbl aHaIUTHYeCKUE TpaduuecKue
3aBMCUMOCTHU [IJIs1 pacueTa BO3ayxopacripeaejeHus 3aKpyye-
HO-KOMITIaKTHOI CTpyeli, KOTOphIC TO3BOJISIIOT OIpENe/saTh
CKOPOCTb IBUXKEHUSI BO3/yXa B CTECHEHHBIX YCJIOBMSIX TOp-
HOIf IIaXThl B CMEHHOM pexkuMe. Ha ocHoBaHMM TTpoBeIeH-
HOTO YUCJIEHHOTO MOIEJIVMPOBAHUSI U COIOCTABICHUST W3-
BECTHBIX 3aBUCUMOCTE C TIOJYYCHHBIMU 3KCTICPUMEHTATb-
HO, OTpe/elicH MOMPaBOYHBIN KO3(DGUIIMEHT CKaTUs B 3a-
BUCUMOCTH OT TEKYyIIeil KOOpaAuHAThl. DhGHEKT 3aKpydnBa-
HUS IPUBOJIUT K U3MEHEHUIO HAIIpaBJIeHUS OCH CTPYU U SIB-
JISIETCSI MAaKCUMAaJIbHBIM B TOUKE A C OTHOCUTEIBHBIMU KOOP-
muHatamu X, =0,6 u y,=0,2; ero MakcumMyMm HaxXoOMTCS B
obyactu zZ =0,7-0,8, yunrsiBag Haauuue NMyJabCALAA U He-
YCTOMYMBOCTD peXuMa. BbIlomHeHO cpaBHEHUE TeopeThye-
CKU MOJTYYeHHBIX PE3YJIBTaTOB C 9KCITEPUMEHTATbHBIMY TaH-
HBIMM M YCTaHOBJICH MOMPaBOYHbBIN KO (ULIMEHT B 3aBU-
CHMOCTH OT TEKYIIeil KOOPAWHATHI, MaKCUMaJIbHOE 3HAYe-
HME KOTOpOTo K, = 1,78.

Hayuynaa noBu3Ha. JlokazaHa 11e71€cO000pa3HOCTb KaK B
adpONMHAMUYECKOM, TaK M B acCIeKTe dHEpProcoepexkeHus,
MMPUMEHEHMST 3aKpy4eHO-KOMITIAKTHBIX CTpYi, oGpa3oBaH-
HBIX PEKYINepaTopoM, C YTUIM3alKel TeTIOThl BHIOPOCHOTO
BO3IyXa, B IEPEMEHHOM peXXuMe. DTU Mephl TTO3BOJISAT 00e-
CIeYyrTh KOMGhOPTHBIEC YCIOBUSI B TOPHOM Il1axXTe U JOCTUYb
SHeprocoepeKeHus.

IIpakTiyeckas 3Ha4uMocCTb. Vcrionb3oBaHue NMPUTOYHO-
BBITSDKHBIX PEKYITEpaTOpOB ¢ YTWIM3ALMEl TEeTUIOThI BbI-
OpPOCHOI0 BO3IyXa IMO3BOJUT MPOESKTUPOBATh dHEprocoepe-
raroIIre CXeMbI BO3MyX0OpacIpeaeIeHUs B CUCTEME CEKIIMOH-
HOI BEHTWISILIMM JUTSl MaJIOrabapuTHBIX TOPHBIX ILAXT C 00e-
CIIeYeHNEeM HOPMATUBHBIX TTapaMeTpOB BO3AyXa B CMEHHOM
pexuMe.

KioueBble ciioBa: ecopras waxma, 3aKpy4eHO-KOMNAKM-
Hble cmpyu, NPUMOYHO-8bIMAICHOU peKynepamop, 8030yxopa-
cnpedenenue
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