UDC 697.922 https://doi.org/10.29202 /nvngu/2019-6/12

N. Spodyniuk!, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0002-2865-9320,

B. GulaiZ, Cand. Sc. (Tech.),
orcid.org/0000-0001-8031-8171,

V. Zhelykh?, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-5063-5077,

S. Shapoval?, Cand. Sc. (Tech.),
orcid.org/0000-0003-4985-0930

LEVELING OF PRESSURE FLOW OF RADIAL VENTILATOR
IN MINE VENTILATION SYSTEM

1 — National University of Life and Environmental Sciences
of Ukraine, Kyiv, Ukraine, e-mail: n_spoduniuk@meta.ua
2 — Lviv Polytechnic National University, Lviv, Ukraine

Purpose. Development of a new structural solution to the element of mine ventilation system to increase its efficiency due to
equalization of the flow under different operating modes of radial fans. The task was set to investigate and analyze the effect of the
mutual placement of flexible inserts and diffusers and their effect on the overall air flow field, and the energy efficiency of mine
ventilation systems as a whole.

Methodology. A design of joining a radial fan to the air supply of a mine ventilation system has been developed. The mathemat-
ical processing of results obtained when measuring physical properties is performed on the basis of special programs developed.
Theoretical, analytical and experimental methods were used.

Findings. According to results of experimental studies, the quality of the flow in the diffuser and the airline located directly
behind the radial fan was estimated. Graphical and empirical dependencies are obtained. It is found that changing the diffuser
design allows increasing system performance by 16 %. This is important for the further design of the mine ventilation network as it
affects improving of the aerodynamic performance of the system. It is established that the most effective equalization of the output
stream occurs in the “relatively long” diffuser extension, which is located directly after the fan and in the same diffuser expansion
with the flow alignment plate, thereby increasing the flow through the system by 6.7 %.

Originality. Quality of the flow in the diffuser and the airline is estimated. It has been established that the most effective leveling
of the flow of flux occurs in a diffuser located directly after the fan. The optimal location and the angles of inclination of the align-
ment plate in the design of the diffuser are determined.

Practical value. The determined optimum locations and plate angles in diffuser expansion design can be used in the design of

mine ventilation systems. This will also improve the aerodynamic performance of the mine ventilation system.
Keywords: mine ventilation system, flexible joint, diffuser, flow alignment, expansion angle

Introduction. Continuous increase in prices of energy in a
developing economy requires the provision of innovative en-
ergy-saving technologies in energy-intensive processes and
systems, which include ventilation. Ventilation systems, which
are necessary to ensure the operation of process equipment,
are an integral part of the mining industry. The cost of the
ventilation process can be more than a quarter of the cost of
coal. The ratio of produced coal to the outside air consump-
tion is 1 to 30.

Ventilation in mines should ensure such microclimate in
the mine workings, which is necessary for mining. The central
mine ventilation scheme, as a type of ventilation system, is
used where there is a restriction on the area of the mine field
and at low capacity of mines. If the mine is characterized by
high power and large amounts of gas, a section diagram of the
mine ventilation is used, in which the common mine field is
divided into separately ventilated areas.

The main element of the mine ventilation system is a ven-
tilation unit that consists of two fans (working and reserved)
with motors.

The radial fans used in the mines are connected to the
ductwork through flexible inserts, transitions (diffusers), out-
lets, as well as straight sections of air ducts the same size as the
discharge pipe. The air velocities when leaving the fan housing
are usually much higher than the air velocities in the duct be-
hind the fan. In order to reduce aerodynamic losses caused by
this phenomenon, the transfer of flow from the fan to the net-
work must be done by successively changing the cross section
of the part of the air duct — diffuser. The diffuser accessory to
the fan or duct network is rather relative and is relevant in the
assessment of a particular mine shaft ventilation system. This
question becomes practical only when comparing the fan effi-
ciency using a diffuser and the fan efficiency without using it.
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In air duct systems in a mine ventilation network, diffusers
are used very often and their shapes and profiles are quite di-
verse. By applying diffusers with a design of flexible insert lo-
cated after the outlet pipe, it is possible to observe a velocity
field of considerable irregularity in the air stream as well as the
formation of the displacement flow structure, significant tur-
bulence, and large-scale swirls. Such a constructive solution
requires additional study and research.

Literature review. Quantity of the uniformity of the veloc-
ity field both in the diffuser and the pump opening of the fan
depend on the type of fan and modes of its operation [1, 2].
The uniformity of the velocity field and the reduction of pres-
sure losses are possible with the continuous air flow movement
in all elements. Therefore, when designing ventilation systems,
it is important to use elements with the best geometric dimen-
sions, as well as their most efficient arrangement and taking
into account the peculiarities of energy consumption in them.

In the case of large aerodynamic resistance of the mine
ventilation network and the extraction of mineral resources
with the ability to spontaneous combustion, a combined
method of ventilation is used, where one fan works for pump-
ing, and the other — for suction. In this case, the reduction of
aerodynamic resistance is possible when using a diffuser of a
certain design [3, 4].

In study [5], a ventilation system was studied where the
outlet of air and the opening for air supply were combined into
a single module. In comparison to the traditional mine venti-
lation system, channel lengths have decreased by 68 % and the
number of diffusers decreased by 40—50 %.

The diffusers are characterized by the following geometric

parameters: diffusivity index FD (FT):E,,,,/ Fl-,,), relative

length I, =1, / b, opening angle a, (where F,, and F,,, are the
areas of the inlet and outlet sections of the diffuser, b is the
characteristic size of the inlet section of the diffuser or the out-
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let opening of the fan). The values of the coefficients of local
resistances (coefficients of pressure losses) of the diffusers with
different geometric characteristics are indicated in [6, 7]. In
study [8], special emphasis is given to parametric modeling of
air flows in the fan that allows modifying quickly basic param-
eters such as the number of blades and the angle of inclination.

Unsolved aspects of the problem. Studies of insulated dif-
fusers have shown that to prevent large losses, the opening
angle in them must be small. Otherwise, due to the fact that
the velocities in the diffuser are slowed down and the pressure
gradient is directed towards the flow, the boundary layer is de-
tached (according to the Bernoulli equation), and large vortex
zones are formed near the walls, passing from one wall to an-
other. An increase in the resistance coefficient of the diffuser
of a given length with a further increase in the opening angle is
caused by large-scale turbulent flow mixing, separation of the
boundary layer from the wall of the diffuser and related to
these phenomena strong vortex formations [4, 7].

In study [9] it is stated that “flat” diffusers are recom-
mended to be constructed with angles a, < 20°, in a symmetric
diffuser (o, = a;), as well as at inclination of one of the walls
(0, < o). At angles of expansion o, > 20° it is advisable to use
asymmetric diffusers, with the deflection of one of the walls
toward the turbine so that the other wall of the asymmetric
diffuser is like a continuation of the radial fan casing (o, = 0°),
or with a deviation (a, < —10°). The relative length of the “flat”

diffuser /, is accepted less than 4—35 at the opening angle
ap=15-25°

According to research results, energy losses (pressure) in
diffusers, which are connected to radial fans with turbines
where blades are bent forward, are indicated in the literature
[9, 10].

In the study on “flat symmetric” and asymmetric, as well
as pyramidal and step-pyramidal diffusers with different angles
of inclination of their walls, it was found that in the diffusivity

index F,=2—3 the most optimal are symmetrical diffusers
with opening angle o, = 20° and asymmetric diffusers, where
one wall is like an extension of the fan casing, and the other is
inclined towards the turbine at an angle of less than 20°. At

diffusivity index F,>4 and with limited diffuser lengths,
step-pyramidal diffusers are effectively used [11, 12]. It is ad-
visable to choose the angles and dimensions of their opening
with minimal energy losses (pressure), that is, with the mini-
mum value of the coefficient of resistance &,,;, but this greatly
increases its length.

Directly in the discharge opening of the radial fan, the air
flow that is supplied to the depth of the mine is characterized
by increased speeds and it is possible to observe the irregulari-
ties of these speeds, significant turbulent flow, small- and
large-scale vortex.

In studies [13, 14], the distribution of axial velocity fields
and excess temperatures and their dependence on the angle of
inclination of the alignment plates is shown. At a reduced an-
gle of inclination of the circulating plates, the velocity drop is
bigger.

In view of the aforementioned shortcomings, design of
new technical solutions for ventilation elements and displace-
ment of diffuser expansion (diffuser) and inserts with flexible,
vibrating and insulating material (flexible insert) to ensure
their energy efficient operation is a promising and relevant task
in improving the energy efficiency of the mine ventilation sys-
tem as a whole.

Purpose. The main purpose of this work is the physical
and mathematical justification, development of new design
solutions of the main elements of mine ventilation systems,
primarily in order to increase the effective work, due to the
balance of the output flow, with different modes of operation
of mine centrifugal fans.

In order to achieve this goal, the task was to investigate and
analyze the impact of the mutual placement of flexible inserts

and diffusers, and their effect on the overall air flow field, and
therefore the energy efficiency of mine ventilation systems as a
whole.

Methods. The methodology was based on the collection of
literature data, analysis of existing diffuser structures for ex-
perimental study of the proposed mine ventilation system de-
sign. Along with the experiments, control of factors that could
cause measurement errors was taken.

The following measurements were made: full and static
pressure in the air duct and diffuser, the angle of inclination of
the diffuser plate and the length of its recess.

Full and static pressure was measured by the Pitot (Brab-
be) tube. The range of total (full) pressures was: —1650 —
+2535 Pa.

Characteristics of the centrifugal fan VC4-70-4: turbine
run — 2860 rpm; electric motor with a power of 4.5 kKW. Char-
acteristics of V-C4-75-1 fan No. 4: turbine speeds were
1400 rpm; electric motor with power — 0.55 kW.

The basis of optimizing research was necessary to follow
the constant steps of work:

1) to customize the laboratory installation to a stationary
mode of operation;

2) to control the voltage difference in the mains before
each experiment.

Results. Experimental studies of the effect of diffuser ex-
tensions (diffusers) and flexible inserts interposition, relative
to the outlet of the centrifugal mine's fan, were carried out in
the laboratory (diagrams of installations are shown in Fig. 1).

Airflow was sucked into the ventilation system from the
laboratory room through a centrifugal fan 7 (VC4-70-4 with a
turbine speed of 2860 rpm and a motor power of 4.5 kW), fur-
ther flowed through its inlet 2, flowed from the outlet 3 through
an insert made with flexible material 5, to which the diffuser
extension 4 was attached (Fig. 1, a). In another arrangement,
the airflow was flowing through the diffuser expansion 4, to
which an insert made with flexible material 5 was attached
(Fig. 1, b, d), or flowed through the newly constructed flexible
insert 6 and the duct & (Fig. 1, ¢). Forward, the air flow in all
cases flowed through a circular air duct & (D510 mm) and was
ejected from the outlet of the ventilation system. When using
the Brabbe measuring tube 9, static and full pressures were de-
termined.

The efficiency of ventilation systems of constant dimen-
sions and configurations was determined by the study of iso-
bars of static and full pressures in different sections of the ele-
ments of the output part of the ventilation system, that is in the
diffuser extension and the air duct element that was installed
instead of the diffuser when using a newly designed flat flexible
insert.

Comparison of aerodynamic characteristics of these sys-
tems, as well as analysis of isobar full and static pressures pro-
vided an opportunity to draw conclusions on the energy effi-
ciency of particular design innovations and solutions, their
influence on the structure of air flow in the discharge part of
the ventilation system, and according to the operating param-
eters of the mine ventilation system as a whole.

The distribution of isobars was investigated in sections
1-1 — 6-6 of diffuser expansion in four cases of interposition of
ventilation elements (Fig. 2). The pressure measurements were
performed at six points of the corresponding sections and were
carried out three times for the sake of reliability of the data
received. The conditions of the experimental studies were
fixed.

The following are full-scale studies of the effects of differ-
ent placement and new design solutions for ventilation system
elements on the flow rate and pressure parameters of mine
ventilation systems. The influence of the relative position of
the insert with flexible material and the diffuser expansion is
shown in Fig. 2, a, b. The influence of the use of the latest
designs of ventilation elements to align the outlet flow in the
radial fan using the latest insert with flexible material as well as
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Fig. 1. Schemes of ventilation systems with a mine centrifugal fan:
a— with an insert made with flexible material, located between the diffuser expansion and the fan; b — with an insert with flexible material, which
was located after the diffuser expansion; ¢ — with a new insert with flexible material; d — a system with an insert with flexible material, located
after the diffuser expansion and a leveling plate mounted therein; 1 — centrifugal fan (V-C4-70-4); 2 — fan inlet; 3 — fan outlet; 4 — diffusion ex-
pansion; 5 — the usual flexible insert; 6 — designed insert with flexible material; 7— flow alignment plate; 8 — air duct; 9 — (Brabbe) Pitot tube
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Fig. 2. Experimental studies (1) static and (2) full pressures in mine ventilation systems according to the following schemes:

a — using an insert with flexible material located between the diffuser expansion and the fan; b — using an insert with flexible material located
after the diffuser expansion, ¢ — using a new designed insert with flexible material; d — system with an insert with flexible material located after the
diffuser expansion and a leveling plate mounted therein

for installation of the plate of flow equalization in the diffuser It is shown on the isobar field in the ventilation system in
expansion is shown in Fig. 2, ¢, d. Fig. 1, a. Also, this arrangement of elements causes an uneven

Studies have shown that it is inefficient to install the insert distribution of full pressures. According to the results of the
with flexible material directly after the outlet of the mine cen- studies, the full pressure shown in section 1—1 is variable (the
trifugal fan, because negative static pressure zones are formed. pressure change range is —1660 — +2530 Pa), indicating an un-

82 ISSN 2071-2227, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N2 6



even distribution of dynamic pressures and therefore velocities
(Fig. 2, a). The results of the studies showed a large area of
negative full pressure, which may be due to the separation of
the flow from the diffuser expansion wall on the turbine side.
As a result, vortex formations occur. This process causes ad-
ditional kinetic and full energy loses of air flow, and, therefore,
results in a reduction in energy efficiency of the mine ventila-
tion system as a whole.

Analysis of pressure distribution in the ventilation system
in case of arrangement of diffuser expansion before an insert
with flexible material according to Fig. 1, b, certified that iso-
bars of negative static pressure are also variable, however, due
to the movement of air by diffusive expansion, they change to
positive values. In the same case, the isobars of full pressure
have positive values in the space of all investigated volume
(Fig. 2, b). It was found that the placement of the insert with
flexible material downstream (in the case of “relatively long”

diffusers 7, =3 with o < 13°) there is an increase in energy
efficiency of systems, resulting in relatively better distribution
of isobar pressures as well as the flow rate through the system
increases by more than 15 %, in comparison with the system
investigated according to the scheme shown in Fig. 1, a.

In experimental studies of mutual influence of the latest
structural means for balancing discharge air flow of mine cen-
trifugal fans, it was found that with a sharp change in plane

crossing (/, =0,0, <180°) from the dimensions 280 x 280 of
the outlet to the air duct plane with a diameter of @500 the
average velocity in all sections of the duct is increased, as well
as the flow rate in total by more than 15 % compared to the
inappropriate placement of an insert with flexible material.
And the same consequence (the flow rate of system was
6150 m3/h) in the case of placement of “relatively long” diffus-

ers with 7, =3 with a, < 13°. The distribution fields of isobars

of dynamic and full pressures according to Fig. 2, b are more
uniform compared to the distribution fields of isobars of the
same pressures in the system according to Fig. 1, ¢. Analysis of
system pressures according to Fig. 2, d found that the volume
area of the swirling air flow is smaller compared to the same
zone, which was formed in a conventional (typical) diffuser
extension according to Fig. 2, b.

It is found that the most effective balancing of the output
flow is observed at “relatively long” diffusers with o < 13—14°,
which are located directly after the fans outlets, as well as when
placed in these diffuser extensions of flow alignment plate.
Due to this, it was possible to increase the system’s perfor-
mance by more than 7 % compared to the same system, but
without the plate. It also increased system performance by
24 % in comparison with the irrational placement of diffuser
expansion and insertion with flexible material.

Further experimental studies were conducted to find the
most optimal placement of the flow alignment plate in the
middle of the diffuser expansion to improve specifications and
energy efficiency of the mine ventilation system.

The first stage of the study revealed the optimal lengths of
the plate and the value of the recess in the outlet of the mine
fan casing by increasing the length of the plate, as well as the
optimum placement distance of the flow alignment plate on
the opposite side of the fan turbine, taking into account the
interaction of these influences.

At the second stage, the most optimal angle(s) of inclina-
tion of the same plate was(were) detected for changes in the air
performance of this system by periodically changing the value
of the fan turbine rotation, and also taking into account the
interaction of all these influences.

The studies were performed on the ventilation system ac-
cording to the scheme shown in Fig. 3. Upon actuation, the
centrifugal fan / (V-C4-75-1 No. 4 with turbine speed —
1410 rpm and power of electric motor 0.56 kW) worked for
20—25 minutes to set the stationary mode of the system totally.
The air was sucked into the system by the mine fan / and

6den 20w

Fig. 3. The layout of the flow alignment plate in the diffuser
expansion of the centrifugal fan

flowed through its inlet 2 forced from the outlet 3 into the
asymmetrical diffuser extension 4, with the flow alignment
plate 6 located in it. The insert 5 with flexible elastic, tight ma-
terial, which was a sudden extension and stepwise connected
the diffuser 4 to the air duct 7, was attached to the diffuser.
The diffuser expansion 4 was characterized by such geo-
metrical parameters as the degree of diffusion expansion

FD=1.4 (FT,=F,M / F,, where F,, and F,, — the cross-sec-
tional areas of the outlet and inlet openings of the diffuser ex-

pansion with relative length / =0.7 (/ = ID/Deq,,,-j,,, where [ is
the length of the diffuser expansion, the angle of expansion of
the diffuser (ap = 14°), and the equivalent diameter of the in-
put (initial) diameter, respectively D, ;,- The rotational speed
of the fan impeller was determined by an electric digital ta-
chometer. The geometric dimensions of the ventilation system
were determined by a ruler.

The dimensions of the laboratory where the studies were
conducted were sufficient for the required space and volume,
where the aerodynamic performance of the ventilation system
was measured. The outlet and inlet openings and nozzles were
located at sufficient distances from the accessory and the walls
of the laboratory. There was no deformation of the suction and
discharge jet. To ensure the accuracy and repeatability of the
measured indicators, the experiment was repeated twice.

The following factors were taken as input factors.

X, =] / a — the relative value of the distance of the flow
alignment plate on the opposite side of the fan impeller, where
/, is the distance of placement of the plate on the opposite side
of the fan impeller, mm; a is one of the square openings of the
fan outlet, mm.

X,=1, / a is the relative amount of dipping of the plate
into the outlet of the fan casing by increasing the length of the
plate, where /, is the dipping distance of the plate into the out-
let, mm.

X, = v/ Viax 1S the relative value of the variation of the av-
erage speed in the ventilation system on the flow rate, where v
is the true average value of the flow velocity of the flow rate in
the ventilation system, m/s; v, is the average value of the
flow rate on flow rate with the maximum speed of the fan im-
peller (according to the technical data sheet of the fan assem-
bly).

X, =0’ is the angle of inclination of the plate in the dif-
fuser asymmetrical extension (the plate was inclined towards
the impeller), deg.

Output parameters were selected such as:

Y1 =Py — increase in full pressure in the ventilation sys-
tem’s air duct, %;

¥, =0, — increase in air flow rate through the ventilation
system, %.

The results of the increase in pressure and flow rate in the
ventilation system due to the location of the plate at a distance
/,/a = 0.44 depending on the relative length of the hollow /,/a
for the three modes of operation are presented in Figs. 4, a, b.

Using the following functional dependencies it is possible
to determine the most optimal placement of the flow align-
ment plates in the diffuser extension, to maximize the pressure
and flow rate characteristics of the ventilation system.
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Fig. 4. Two-factor monograms of pressure increase (a) and flow
rate (b) in the ventilation system for the plate located at a
distance of |,/a = 0.44, depending on the relative hollow
distance of I,/a:

1 — according to nominal mode of operation of the fan; 2 — when
operating the fan at maximum efficiency; 3 — when operating the
fan at maximum flow rate

By =—11.81+7.49X, +89.44X, -

72 7 ¥ 72 O
~3.15X72 -16.98X,X, —121.74 X2

The maximum value pg,; =4.8% was determined by the
Langrange method at X;>0.22 and X,>0.35, within
0<X,<0.7 and 0.15< X, <0.6.

0,=-17.22+16.38X, +130.31X, -

., —

72 v v 72 )
~22.31X2 +11.28X,X, —223.47X2.

The maximum value: 0, =3.7% at X, >0.3 and X, >0.3,
within 0<X,<0.7 and 0.15< X, <0.6.

The most optimal relative distance of placement of the
flow alignment plate on the side opposite to the fan impeller
X, =1,/a=0.26.

The most optimal hollow of the plate into the outlet nipple
ofthe fan casing by increasing its relative length X, =/, / a=0.3.

It is also determined that the increase in full pressure in the
ventilation system, at different circular speeds of air flow at the
outlet of the fan impeller (for different values of its rotational
speed) the optimum angles of inclination of the plate in the
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Fig. 5. Dependence of the pressure distribution surface:
ﬁfu[[ = f(oco,v/vmax), %

diffusion extension are different. This can be clearly observed
from the surface dependence of the pressure increase distribu-
tion (Fig. 5).

It was determined that the value p,, depending on the
input factors of the experiment varies in functional depen-
dence (3)

Py =—4.05+21.63a +1.63v/v
-4.62a% - 1.17av/v

max

—0.055\12/\12

max *

3

max

The composite dependence of the surface of the pressure
distribution makes it possible to find the required angles of in-
clination of the plate (towards fan impeller) to maximize the
total pressure in the ventilation system for changes in air perfor-
mance (by changing the fan rotational speed of the impeller).

According to the results of laboratory studies on the mutual
influence and influence of placement of the insert with flexible
material and diffuser expansion negative influence was detect-
ed of placement of a typical flexible insert connected directly to
the outlet of a centrifugal fan on the efficiency of mine ventila-
tion system. It is established that the placement of the insert
with flexible material after a “relatively long” diffuser expan-

sion, where /;, =2.9 and at the opening angle a., = 14°, there is
an increase in the efficiency of ventilation system, by improving
flow rate and pressure characteristics by increasing overall sys-
tem performance (flow rate through the system) by 16 %, com-
pared with the ventilation system shown in Fig. 1, a.

Conclusions. The results of the research studies on optimal
designs of diffuser extensions of centrifugal fans allow drawing
conclusions on the efficiency of their implementation in mine
ventilation systems, because only the design of the diffuser can
increase the system performance by 16 %. This is important in
further designing of the mine ventilation network, as it has the
effect on improving the aerodynamic characteristics of the sys-
tem as a whole.

In addition, the quality of the flow in the test ventilation
elements was evaluated. It was found that the most effective
equalization of the output stream occurs in the “relatively long”
diffuser extension, which is located directly after the fan and in
the same diffuser expansion with the flow alignment plate, due
to which the flow rate through the system increased by 6.7 %.

The determined optimum locations and the angles of in-
clination in the diffuser expansion design can be used in the
design of mine ventilation systems. This will also improve the
aerodynamic performance of the mine ventilation system.
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Merta. Po3po0iieHHSI HOBOTO KOHCTPYKLIIITHOTO pillleHHS
€JIEMEHTY LIAaXTHOI BEeHTWISILIHOI CUCTEMU [IJ1s1 30iIbIIEHHST
ii edeKTUBHOCTI BHACIINOK BUPiIBHIOBAHHS HATHITAJIbHOTO
MOTOKY 3a Pi3HUX PeXUMiB pOOOTH palialbHUX BEHTUJISATO-
piB. ChopMynboBaHa 3amada MOCTIIUTU Ta TIpOaHaTi3yBaTh
BIUIMB B3aEMHOTO PO3MIILIEHHSI THYYKMX BCTaBOK i quGy30piB
Ta iX BIUIMB Ha 3arajibHe IoJie TIOTOKY TIOBITPsI i1 HAa eHeproe-
(beKTUBHICTb POOOTH IIAXTHUX CUCTEM BEHTWISLIII B LILJIOMY.

Metoauka. Po3po0iieHa KOHCTPYKILisl 3’€IHAHHS BilLIEH-
TPOBOrO BEHTUJISITOpPA A0 TMOBITPOIPOBOY IIAXTHOI BEHTU-
JiuiiHol cuctemMu. MatematuuHa oOpoOKa pe3ysibTaTiB,
oJiep>KaHUX TIPY BUMIipIOBaHHI (Di3MUHUX BIACTUBOCTEH, BU-
KOHYETHCS 32 PO3POOICHUMU CIIeliaTbHUMU TIporpaMaMu.
BukopucraHi TeopeTHUHi, aHAJITUUHI Ta eKCIIepUMEHTaIbHi
METOMM.

PesynbraTin. 3a pesynbraraMu €KCIEPUMEHTATbHUX 10-
CJIKEHB OIliHEeHA SKiCTh ITOTOKY B MM (y30pi i TOBITPOIIpO-
BOJli, PO3TaIlIOBaHMX O€3MOcepeIHbO 3a pajlialbHUM BEHTH-
agTopoM. OTtpuMaHi TpadiuHi Ta eMITipUYHi 3aJIeKHOCTI.
BcraHoBneHo, 110 3MiHa KOHCTPYKLii Audy3opa 103BOJISIE
30UIBIINTHY IIPOAYKTUBHICTL cucTeMu Ha 16 %. Lle mae Bax-
JIMBE 3HAYEHHSI MPU MOAAJBIIOMY IPOEKTYBaHHI MIAXTHOL
BEHTWJISILIITHOT MepeXi, OCKIJIbKM BIUIMBAE HA TTOKpaIEHHS
AaepoJMHAMIYHUX XapaKTEePUCTUK cUCTeMU. BcTaHoBIEHO,
o HaiteeKTUBHIllle BPiBHOBAXEHHS! BUXiTHOTO MOTOKY
BiIOYBA€THCS Y ,,BIMTHOCHO TOBroMy* 1u(y30pHOMY PO3ILIK-
PEHHi, 1110 PO3TallIoBaHe OApa3y X Iicisl BEeHTWISITOpA, Ta Y
LIBOMY 3K T1(Y30pHOMY PO3IIMPEHHI 3 IJIACTUHKOIO BUPiB-
HIOBaHHS MOTOKY, 32 PaXyHOK YOTO BUTpaTa Kpi3b CUCTEMY
36inpIMIachk Ha 6,7 %.

Haykosa HoBu3Ha. O1liHeHa SIKiCTb ITOTOKY B IM(DY30pHO-
My PO3ILIMPEHHI Ta MOBiTponpoBodi. BcraHoBIeHO, 1110 Haii-
edeKTUBHIllle YPIBHOBAXKEHHST HATHITAJIbHOTO TTOTOKY Bin0y-
Ba€TbC Y NU(PY30pHOMY PO3LIMPEHHI, 1110 PO3TAIIOBAHE O~
pasy X 3a BeHTWISITOpOM. Bu3HaueHo ontrManbHe po3Talry-
BaHHS Ta KYyTH HaXWIy BUPIBHIOBAJIBHOI IJIACTUHU B KOH-
CTpyKLii qudy3opa.

IIpakTiyna 3HauumicTb. BcTaHOBJIEHI oNTUMAabHI pO3-
TalllyBaHHS Ta KyTH HAXWUJTy TJIACTUHKY B KOHCTPYKLii qudy-
30PHOTO PO3IIUPEHHS MOXYTh OyTH BUKOPUCTaHI IIPU MTPO-
eKTYBaHHI IIaXTHUX BeHTWIsLiiiHUX cucteM. Lle nmpusBene
IO TIOKPAIIeHHSI aepOMUHAMIYHUX XapaKTePUCTUK IIaXTHOL
BEHTUJISILIHOI CUCTEMU.

KunrwuoBi cioBa: waxmuna éenmuaayiiina cucmema, eHyu-
Ka ecmaska, oughysop, 6uUpieHIOBAHHSA NOMOKY, KYM DPO3UIU-
DpeHHsi
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yeHUs ee¢ 3(P(HEKTUBHOCTH BCJICICTBYME BBIPABHMBAHMS Ha-
THETATEJIbHOTO MOTOKA TIPU PA3HBIX PeXrMax pabOThl pagu-
aJTbHBIX BEHTUJISATOPOB. [locTaBieHa 3amavya MCCIenOBaTh U
MpOoaHAJM3UPOBaTh BIMSHUE B3aUMHOIO PACMOJOXEHUS
ruOKUX BCTaBOK W NuUb@Y30pOB U UX BIUSHUS Ha 0Olliee
1oJie OToKa BO3ayxa W Ha dHeprodpGeKTUBHOCTb PadOThI
IIAXTHBIX CUCTEM BEHTUJISILINU B LIEJIOM.

Meronuka. PazpaboTaHa KOHCTPYKILIMS IPUCOECANHEHUS
pagvabHOTO BEHTHJIATOPA K BO3IYXOBOAY IIaXTHOM BEHTH-
JISLIMOHHOM cucTteMbl. MaremaTuyeckast 00paboTKa pe3yiib-
TaTOB, TOJYYEHHBIX MMPU U3MEPECHUM (PU3NIECKUX CBOMCTB,
BBITOJIHSIETCS 110 pa3pabOTaHHBIM CIEIMaIbHbIM MTPOTrpaM-
MaM. Vcrmojib30BaHbl TEOPETUUYECKUE, aHATUTUYECKUE U
9KCMEePUMEHTATbHbIE METO/IBI.

Pesyabratel. [1o pedynbrataM 3KCIIEpUMEHTAIBHBIX MC-
CJIeOBAaHUIM OLIECHEHO KauecTBO MOToKa B 1uddy30pe 1 BO3-
IIYXOBOJIE, PACITOJIOKEHHBIX HEMIOCPEACTBEHHO TIOCIC paay-
aJibHOTO BeHTUIsITopa. [TosydyeHbl rpaduueckue U SMIUpU-
YeCKUe 3aBUCUMOCTH. YCTaHOBJICHO, YTO M3MEHEHME KOH-
cTpykuuu auddysopa Mo3BoJsIET YBEIUYUTh MPOU3BOAM-
TEJIBHOCTh CUCTEMBI Ha 16 %. DTO MMeeT BaKHOE 3HAYEHUE
Npy AajJbHEHIIEM MPOEKTUPOBAHUU IIAXTHON BEHTUJISILIM-
OHHOI CeTH, TaK KaK BJIMSIET Ha YJIy4lIeHUE adpOoIuHaAMUUe-
CKMX XapaKTEPUCTUK CUCTEMBI. Y CTaHOBJIEHO, UTO HanboJiee
3¢ HEeKTUBHO YpaBHOBEIIMBAHNE BEIXOTHOTO TTOTOKA ITPOUC-

XOJUT B ,,0THOCUTEJILHO JJIMHHOM® nuddy30pHOM paciiu-
PEHUU, KOTOPOE PACIIONIOKEHO cpa3y Ke Mocie BEeHTUJISITO-
pa, 1 B 3TOM ke TudGY30pHOM PaCIIMPEHUH C TITACTUHKON
BBIPAaBHUBAHUS TTOTOKA, 32 CUET YEro Pacxoll Yepe3 CUCTEMY
yBemumica Ha 6,7 %.

Hayunas HoBusHa. OlieHEHO KayecTBO MOToKa B 1uddy-
30pe M BO3MyXOBOIE. YCTAaHOBJIEHO, yTO Haunboisee adeKr-
TUBHO BbIPAaBHUBAHWE HArHETaTEJIbHOTO MOTOKAa MPOUCXO-
muT B nuddy3ope, pacrolioXKeHHOM HEMOCPEACTBEHHO T0-
cie BeHTuJsiTopa. OnpenesieHo ONTUMAJbHOE pacIoyioxe-
HHME U YIJIbl HAKJIOHA BBIPABHUBAIOLIEH TUIACTUHBI B KOH-
cTpykuuu auddysopa.

IIpakTHyecKkas 3HAYNMOCTH. YCTAHOBJIECHHBIE OITH-
MaJIbHbIe PACITOJIOXKEHUsI M YIJIbl HaKJIOHA TUTACTUHKM B
KOHCTPYKUMU nuddy30pHON paciiupeHusT MOTYT OBITh
HCTI0JIb30BaHBI TIPU MPOSKTUPOBAHNM IIAXTHBIX BEHTUJISI-
LIMOHHBIX CUCTEM. DTO MPUBEAET K YIYUIIEHUIO ad3POau-
HAMUYECKUX XapaKTePUCTUK IIAXTHOW BEHTWISIIMOHHOMN
CHUCTEMBI.

KmoueBble cnoBa: waxmuas GeHMUAAYUOHHAS cUCMEMA,
eubkas ecmaexa, oug@y3op, 8vipasHusanue NOMoKa, yeon pac-
WUpeHus
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