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AEROACOUSTIC CHARACTERISTICS OF THE AXIAL COMPRESSOR
STAGE WITH TANDEM IMPELLER

Purpose. Comparative evaluation of aeroacoustic characteristics of the axial compressor stages with a single and
equivalent tandem impeller.

Methodology. The research was performed using the numerical experiment. The flow parameters in the stage of
the axial compressor were calculated by solving the non-stationary system of Navier — Stokes equations. The equa-
tions were closed by the model of turbulent viscosity SST. The stage of the compressor consisted of inlet guide vanes,
the impeller and the guide vanes. The impeller of the modified axial compressor stage is designed as an equivalent
tandem row. Acoustic sources of the axial compressor stage were calculated using the Ffowcs Williams — Hawkings
equation.

Findings. The results of a comparative evaluation of the aeroacoustic characteristics of the axial compressor stages
with a single and equivalent double-row impeller are obtained. The use of a tandem row instead of an equivalent
single row in the impeller of the axial compressor stage makes it possible to increase the pressure ratio by 1—15 %. In
the design mode, the pressure ratio is increased by 8.5 %. A stage with a tandem impeller has greater acoustic effi-
ciency than a compressor stage with a single impeller. The obtained results demonstrate a significant decrease in the
acoustic pressure of the dipole source. In the design mode, the acoustic pressure of the dipole source decreases by
more than 70 %, the acoustic pressure of the quadrupole source decreases by more than 10 %.

Originality. For the first time the results of a comprehensive study of the acrodynamic and acoustic characteristics
of the axial compressor stage were obtained. The results allow estimating the efficiency of application of tandem row
in the impeller of the low loaded subsonic stage of the axial compressor.

Practical value. The received recommendations can be used while designing impeller machines with a low level of
acoustic emission.

Keywords: axial compressor stage, tandem impeller, dipole acoustic source, quadrupole acoustic source, pressure ratio

Introduction. One of the important problems of the
aircraft engine building is to increase the efficiency of
gas turbine engines and to ensure gas-dynamic stability
in a wide range of operating conditions. The parameters
of the working process and the loss level in the elements
of the engine determine the perfection of the gas turbine
engine. First of all, improving the fuel efficiency and en-
gine efficiency is ensured by increasing the gas tempera-
ture before the turbine. The gas temperature growth be-
fore the turbine requires a simultaneous increase in
pressure ratio of the compressor. Pressure ratio growth is
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provided by raising the rotor speed, the aerodynamic
loading growth of the stages, and also by increasing the
number of stages. However, increasing the number of
stages entails the overall mass characteristics growth of
the engine [1]. A promising way to increase the aerody-
namic loading of stages is the use of tandem blades.

In addition to high engine efficiency and fuel effi-
ciency, modern gas-turbine engine should have a high
acoustic perfection. One of the main noise sources of
gas-turbine engine is the compressor. The sound-ab-
sorbing materials are widely used for noise reduction.
However, the noise reduction achieved with the help of
the sound-absorbing materials is not enough. There-
fore, research studies aimed at improving the aerody-
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namic and acoustic characteristics of tandem axial com-
pressor stages are relevant.

Analysis of the recent research and problem state-
ment. Today quite a lot of experimental and theoretical
works are devoted to the study of aerodynamic charac-
teristics of tandem blade rows. The results of 2D flow
simulation in a single and tandem impeller of a low-
speed axial compressor are presented in [2]. The authors
analyzed the distribution of the pressure field in the in-
terblade channel. The flow visualizations in single and
tandem cascade of the impeller are shown. Paper [3]
presents the results of numerical simulation of the flow
in a blade row with tandem blades. The influence of geo-
metric parameters of a tandem blade row on its aerody-
namic characteristics is analyzed. A method for design-
ing of the compressor stage with tandem blade rows is
proposed in [4]. The authors obtained and analyzed the
characteristics of stage with single impeller and guide
vanes, tandem impeller and guide vanes. It is shown that
loading of the stage with tandem blades increases. Work
[5] is devoted to the investigation of the effectiveness of
tandem variable guide vanes. The characteristics of a
stage with tandem variable guide vanes are analyzed in
article [5]. It is shown that tandem blade row allows im-
proving pressure ratio of the stage. The analysis of [2—5]
shows that the use of tandem blade rows makes it possi-
ble to improve the aerodynamic characteristics and in-
crease the compressor loading.

Many theoretical and experimental works are devot-
ed to the understanding of noise formation mechanism
in the elements of turbomachines. The noise sources in
the near field of modern aircrafts are analyzed in [6].
The authors present critical review of different methods
for calculating the acoustic characteristics in the near
field. It is shown that compressor and fan are one of the
main noise sources in engine. In [7], different factors
that affect the noise level in the axial fan are investigat-
ed. On the basis of experimental data, the generation of
tonal components of the acoustic radiation of an axial
fan at low subsonic speed is analyzed. The noise genera-
tion of a four-stage axial compressor at high subsonic
speed is considered in [8]. The interaction effect of rotor
and stator in the calculation of the acoustic characteris-
tics of the compressor is investigated in [9]. Also, the
authors identified the dependence of tonal noise from
the shape of the leading edge of the rotor blades.

As shown in [6—9], the components of the acoustic
radiation vary according to different operation modes,
as a result of the gas-dynamic interaction of elements of
the rotor-stator system, the presence of turbulence and
many other factors.

Analysis of the research presented in [2—9] has
shown that one of the methods to increase aerodynamic
loading of the axial compressor stages is the use of tan-
dem blade rows. However, the acoustic characteristics of
tandem blade rows have not been investigated to the
present day.

The objectives of the article. The aim of present work
is to improve the acoustic characteristics of axial com-
pressor stage. To accomplish the aim of the research, the
following tasks were set.
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1. To perform a calculation analysis of aerodynamic
loading of the axial compressor stage with single and
equivalent tandem impellers in different operational
modes.

2. To estimate acoustic characteristics of the axial
compressor stage with a single row and equivalent tan-
dem row of the impeller in different operational modes.

Research technique. The research was performed us-
ing the numerical experiment. The flow parameters in
the stage of the axial compressor were calculated by
solving the non-stationary system of Navier — Stokes
equations. The equations were closed-formed by the
turbulent viscosity model SST. A 3D model of the axial
compressor stage was built. The stage of the compressor
consisted of inlet guide vanes, the impeller and the guide
vanes. An unstructured adaptive grid was used for calcu-
lation. Computational grid consisted of approximately 2
million cells. According to condition of periodicity, the
design area of each blade was composed of a single blade
and an interblade channel.

Acoustic sources of the axial compressor stage were
calculated using the Ffowcs Williams — Hawkings equa-
tion.

Reliability of the obtained results was ensured by
performing the test [10].

Main results. The object of research was axial com-
pressor stage. The stage of the compressor consisted of
the inlet guide vanes, the impeller and the guide vanes.
The blade row of the inlet guide vanes had 30 blades; the
impeller and guide vanes had 24 blades.

Table gives the geometric characteristics of the base
axial compressor stage with single blade rows [12]: r —
the cross-section radius; #/b — relative pitch of the airfoil
cascade; B, — the angle of flow inlet; B, —angle of flow
outlet; y — the angle between profile chord b and the ro-
tor rotation plane.

The modified stage of the axial compressor consisted
of three blade rows: inlet guide vanes (30 blades), impeller
(24 blades), and guide vanes (24 blades). The blade row of

Table
Geometrical characteristics of the blade rows
Inlet guide vanes
r, mm 80 104 136 168 200
t/b 0.48 0.624 0.816 1.008 1.2
Y 89°18’ 87°37° 85°10° 83° 81°46°
Impeller
r, mm 80 104 136 168 200
t/b 0.468 0.589 0.742 0.878 1.005
B, 62°37 57°55° S51°47° | 46°42° | 42°09°
B, 101°43> | 96°27° | 88°30” | 80°03’ 71°13
Y 85°01° 80°23’ 73°40° 66°57 60°02’
Guide vanes
r, mm 80 104 136 168 200
t/b 0.475 0.55 0.633 0.699 0.747
Y 76°30° 74°40° 72°17° 69°59’ | 67°36’
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the impeller is made with an equivalent tandem blade row.
The blade row of the tandem impeller is designed accord-
ing to the recommendations obtained in [11].

A series of calculations of flow parameters in the
stage of an axial compressor with a single and equivalent
tandem impeller were carried out. The calculations were
performed for modes with a circumferential velocity at
the peripheral radius u; = 272.7 m/s, u, = 238.7 m/s,
u;=204.7 m/s, u, = 170.7 m/s.

To evaluate the aerodynamic loading of an axial
compressor stage, the pressure ratio for four rotation
speeds was calculated. Based on the calculation results
the dependence of pressure ratio in stage from the gas-
dynamic functions g(,) was built.

The pressure ratio was calculated by the formula

TE Bl
D

where p, is the average value of total pressure at the

stage inlet; p; is the average value of total pressure at
the outlet of the stage. The averaging of the flow param-
eters was carried out according to the principle of aver-
age mass averaging over the radius.

Gas-dynamic function g(A.) was determined from
the relation

1 1

k=1, )1 k+1 k1

ay=a [ 1-Khe | AL
q(-) [ K+l ] (2}

c . . . .
where A, =— is the velocity coefficient; c is axial flow
a

velocity at the inlet; a is sound speed; k is the adiabatic
index.

Fig. 1 shows the compressor stage characteristics in
the form of dependence of pressure ratio on the gas-dy-
namic function g(A,). The solid line shows the results for
the base stage of the axial compressor with a single im-
peller, the line with points shows the results for the
modified stage of axial compressor with an equivalent
tandem impeller.

Analysis of the graphs in Fig. 1 shows that the stage
with a tandem impeller in all operational modes has
greater pressure ratio than the compressor stage with a
single impeller.

At rotational speed n,, the minimum value of pres-
sure ratio on the left branch increases from 1.08 to
1.105, maximum — from 1.095 to 1.106. At rotational
speed n3, the minimum value of pressure ratio on the
left branch increases from 1.1 to 1.133, maximum —
from 1.135 to 1.16. The largest growth of pressure ratio
is observed at a rotational speed of n, and n,. At rota-
tional speed #,, the minimum value of pressure ratio on
the left branch increases from 1.123 to 1.183, maxi-
mum — from 1.175 to 1.235. At rotational speed #,, the
minimum value of pressure ratio on the left branch in-
creases from 1.18 to 1.26, maximum — from 1.21 to
1.35. At the design operation mode, the pressure ratio
increases from 1.21 to 1.314. The use of an equivalent
tandem impeller gave the opportunity to improve the
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Fig. 1. Characteristics of axial compressor stage

pressure ratio value on the left branches of pressure line
to maximum values of axial compressor stage with a
single impeller.

This phenomenon can be explained as follows. Pas-
sive control of the boundary layer takes place in a tan-
dem impeller. That is why the deflection angle of a tan-
dem impeller is more than the deflection angle of a sin-
gle impeller. Thus, increasing the acrodynamic loading
of the axial compressor stage can be achieved by use of a
tandem impeller. Obtained result agrees well with the
results of other authors [4, 5].

The next objective of the research was comparative
estimation of acoustic characteristics of axial compres-
sor stages.

The aerodynamic loading acting on blades of impel-
ler and guide vanes is continuous in time. In the general
case they are non-stationary random functions and for
constant operation modes of the impeller can be repre-
sented as

F=d(1)e,

where d(f) is a stationary random function; e’ is deter-
ministic multiplier, which takes into account the peri-
odic nature of function change. A stationary random
function ®(f) may be considered as the sum of the static,
i.e. time-independent, and dynamic or pulsating com-
ponents.

The acoustic radiation is formed during the action
on non-stationary force environment. Non-stationary
force is analogous to the periodic action on environment
by impeller blades. Acoustic radiation spectrum is su-
perposition of spectra of static and pulsating loading
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components. Static component of aerodynamic loading
corresponds to discrete emission spectrum, and pulsat-
ing component is continuous in frequency spectrum ra-
diation. Acoustic emission of axial compressor stage ac-
cording to effect on the non-stationary loading environ-
ment may be divided, depending on nature of loading
change in time, into continuous and pulse, and depend-
ing on kind of radiation spectrum on the harmonic and
broadband.

The impulse type radiation occurs in interaction of
vanes with uniformly distributed over the wheel disk un-
evenness in the form of turbulent tracks behind the im-
peller blades. The impulse type radiation can also be
generated by the impeller blades when inlet guide vanes
are installed in front of the impeller. Pulse radiation
spectrum is a superposition of harmonic and broadband
components.

There are several possible models for interaction of
flow unevenness with the impeller and the guide vanes,
which leads to sound formation. One of the models is
dipole. The dipole model explains the sound appear-
ance by the action of variable pulsating forces on the
blade. Another model is a quadrupole model. It con-
nects the sound generation with fluctuations of Reyn-
olds stresses in rotational flow.

The discrete components are dominated at the fre-
quency of impeller blades and its harmonics at subsonic
speeds of impeller in spectrum on the background of
broadband noise.

The appearance of broadband and discrete compo-
nents of the noise spectrum is due to stationary and ran-
dom flow unevenness at subsonic relative speeds on the
impeller blades. Pressure fluctuations arise as a result of
uneven flow interaction with the blades, and turn into
sound waves. Stationary flow unevenness is associated
with the general flow unevenness that enters the input
device. The random unevenness is associated with tur-
bulence of input flow, boundary layer on the walls and
on blades, as well as with turbulence in the tracks behind
the blades and turbulence in secondary flows on the im-
peller periphery.

Acoustic radiation of the compressor stage is caused
by aerodynamic sources. Discrete and broadband com-
ponents are present in noise spectrum of axial compres-
sor stage. A discrete component is generated by the di-
pole and monopole acoustic sources. The dipole acous-
tic source is caused by aerodynamic loading of axial
compressor stage. The monopole acoustic source is due
to displacement noise, but it has quite a small value for
compressors and fans.

The quadrupole acoustic source is formed by vortex
noise. The quadrupole acoustic source is a broadband
component of total acoustic radiation.

The total acoustic radiation of an axial compressor
stage is characterized by the dipole, quadrupole and
monopole acoustic sources. The dipole acoustic source
dominates in general acoustic radiation for a subsonic
impeller. Acoustic sources of the axial compressor stage
were calculated using the Ffowcs Williams — Hawkings
equation. It represents solution for inhomogeneous
wave equation with solid boundaries.
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where p is density; ¢, is sound speed in a stationary envi-
ronment; x;, x; are coordinates of observation points; V'
is gas volume; T} is Lighthill turbulence stress tensor; r
is radial coordinate of the point of observation in a cy-
lindrical coordinate system; .S is streamlined surface; u;
is flow velocity in the direction x;; u, is normal velocity
near the solid surface; p; expresses the flow force acts the
boundary in the direction x; on the unit of the surface S.

The components of expression (1) can be interpreted
as follows. The first item represents the sound radiation
by quadrupoles, which are distributed in a turbulent
flow at some distance from the boundaries. The second
item is radiation from dipoles distributed on the sur-
face S.

These sources are determined by pressure pulsation
and viscous stresses. The value puu, characterizes the
rate of momentum change, it is zero in case of a rigid
plane or a plane oscillating in its own boundary, while
for moving boundaries it characterizes the transfer of
momentum plane, which is nearby. Parameter p; repre-
sents the force flow impact on the boundaries. The third
item is the monopole sound sources, which are located
on the surface §. It characterizes the fact that due to
boundary surface movement, the liquid is pushed out of
the area which it has occupied. In the absence of solid
boundaries, second and third integrals disappear and
equation becomes the well-known Lighthill solution.

Based on the fact that the monopole acoustic source
does not make a significant contribution to general
acoustic radiation of the axial compressor, the dipole
and quadrupole acoustic sources were calculated in the
work.

Fig. 2 shows the acoustic characteristics of base and
modified stages of the axial compressor in the form of
dependence of the quadrupole source acoustic pressure
on gas-dynamic functions g(2,) for four rotation speeds.

The value of quadrupole source acoustic pressure of
an axial compressor stage with a single row and equiva-
lent tandem row of impeller increases with the increas-
ing rotational speed and inlet flow velocity. Replace-
ment of the single row with an equivalent tandem row of
an impeller led to insignificant increasing quadrupole
source acoustic pressure at small values: g(1,) at rota-
tional speed n4 q(A.) = 0.4...0.45, at rotational speed #;
q().)=0.4...0.52, at rotational speed n, g(A.) =0.48...0.6,
at rotational speed n; g(A,) = 0.6...0.67. However, in
modes which correspond to the right branches of pres-
sure lines, the value of quadrupole source acoustic pres-
sure decreases. For rotational speed n, at g(A,) =
= 0.5...0.64 acoustic pressure is reduced by 500...
1450 Pa. For rotational speed n; at g(A,) = 0.55...0.675
acoustic pressure is reduced by 500...1900 Pa. For rota-
tional speed n, at g(1,) = 0.64...0.85 acoustic pressure is
reduced by 700...3300 Pa. For rotational speed », at
q(»,) = 0.7...0.85 acoustic pressure is reduced by
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Fig. 2. Acoustic characteristics of an axial compressor
stage with a quadrupole source

700...3400 Pa. The quadrupole source acoustic pressure
decreases from 22500 to 20 000 Pa at calculated design
operation mode.

Fig. 3 shows the acoustic characteristics of base and
modified stages of an axial compressor in the form of
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Fig. 3. Acoustic characteristics of an axial compressor
stage with a dipole source
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dependence of the dipole source acoustic pressure from
the gas-dynamic functions ¢(A.) for four rotational
speeds.

The value of dipole source acoustic pressure of an
axial compressor stage with a single row of impeller in-
creases with the increasing value of the gas-dynamic
functions and rotational speed. Growth of acoustic
pressure in the axial compressor stage with a tandem
row of an impeller is observed at rotational speed n, at
q(h,) = 0.4...0.42, at rotational speed n; at g(A.) =
=0.4...0.5, at rotational speed n, at g(A,) = 0.48...0.57,
at rotational speed 7, at g(A.) = 0.6...0.64. However, in
the operation modes that correspond to the right
branch of pressure lines, dipole source acoustic pres-
sure is significantly reduced. For frequency n, at g(A,) =
= 0.6 the acoustic pressure decreases from 40 000 to
4100 Pa. For frequency n5 at g(A,.) = 0.675 the acoustic
pressure decreases from 51 000 to 9150 Pa. For fre-
quency #n, at g(A,) = 0.8 the acoustic pressure decreases
from 80 000 to 8200 Pa. For frequency n, at g(A.) =0.85
the acoustic pressure decreases from 97 200 to
10 300 Pa. In the calculated design operation mode the
dipole source acoustic pressure decreases from 81 000
to 24 000 Pa. This is because the value of dipole source
acoustic pressure depends on the aerodynamic loading
of the stage. Aerodynamic loading in a stage with an
equivalent tandem row increases and this contributes to
a significant reduction of dipole source acoustic pres-
sure.

So the use of a stage with a tandem row of an impel-
ler makes it possible to improve the acoustic character-
istics of an axial compressor stage in near field. For an
axial compressor stage with a single row of an impeller
dominant noise source is the dipole. The use of an
equivalent tandem row of an impeller leads to significant
reduction of dipole source acoustic pressure, and , in
certain modes, the dominant source is quadrupole.
Therefore, for further improving of acoustic efficiency
of the axial compressor stage it is necessary to affect the
quadrupole acoustic source.

The method of acoustic emission determination on
the basis of application of the Ffowcs Williams — Hawk-
ings equation does not take into account the interfer-
ence of dipole and quadrupole sources. Therefore, the
task for future research is to create calculation methods
of monopole, dipole and quadrupole sound sources in-
terference of the axial compressor stage.

Conclusions.

1. The results of the research showed that replace-
ment of single row of impeller on the equivalent tandem
row of an impeller in an axial compressor stage leads to
the growth of pressure ratio from 1—15 %. In the design
operation mode, the pressure ratio increases by 8.5 %.

2. For the first time, the results of comprehensive re-
search on aerodynamic and acoustic characteristics of
an axial compressor stage are obtained, which allow es-
timating the efficiency of application of a tandem row of
an impeller of a subsonic low-pressure axial compressor
stage.

Comparative estimation of acoustic characteristics
of an axial compressor stage with a single row and equiv-
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alent tandem row of an impeller in different operation
modes showed that a stage with a tandem row of an im-
peller has greater acoustic efficiency than a compressor
stage with a single row of an impeller. Obtained results
indicate significant decreasing dipole source acoustic
pressure. In the design operation mode, the dipole
source acoustic pressure decreases by more than 70 %,
while quadrupole source acoustic pressure decreases by
more than 10 %.
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Merta. IlopiBHsUIbHA OIliIHKA a€pOAKyCTUYHUX Xa-
PaKTEPUCTUK CTYIEHIB OCHOBOTO KOMIIpECOpa 3 OTHO-
PSITHUM i €KBiBaJICHTHUM OBOPSITHUM KOJICCOM.

Metomuka. JlocmimKeHHSI BUKOHAHO 3a TOIIOMO-
rolo 4yuceiabHoOro excriepumenty. IlapameTpu Tedii y
CTYIIEHI OCBOBOTO KOMIIpEcOpa pO3paxOBYBAJIKCS
LIIJISIXOM PO3B’sI3aHHSI HECTallioHApPHOI CUCTEMU PiB-
HsHb Has’e — Crokca. PiBHSIHHS 3aMUKaIUCh MOJEN-
J10 TypOyseHTHO1 B 13KocTi SST. CtyniHb KOMITpeco-
pa ckJjaganacs 3i BXiZTHOro HalpsIMHOTO armapary, po-
Ooyoro kosieca ¥ Hampapjsgo4oro amapaTy. Poboue
KoJieco MoanU(iKOBaHOTO CTYMEHsI OCbOBOTO KOMIIpe-
copa BUKOHAHO SIK €KBiBaJIEHTHUI ABOPSAHUIN JonaT-
KOBUH BiHEllb. AKYCTUYHI IXKepeJia CTyIIEHSI OCbOBOTO
KOMIIpeCcOopa po3paxoBYBaJINCh 3a JOTIOMOTOIO PiBHSIH-
Hs1 Doxkc BinbsgaMca — XoykiHrca.

Pe3ymbratn. OTprMaHi pe3yabTaTH ITOPiBHSUIBHOI
OLIIHKA aepoaKyCTUUYHUX XapaKTEPUCTUK CTYIEHIB
OCBhOBOTO KOMIIpecopa 3 OIHOPSIIHUM i €KBiBaJIeHT-
HUM OBOPSIHUM POOOYMM KOJECOM. 3acCTOCYBaHHS
JIBOPSITHOTO JIOTTIATKOBOTO BiHIIS 3aMiCTh €KBiBaJIEHT-
HOTO OJHOPSITHOTO B pOOOYOMY KOJIECi CTYyMEeHS OChO-
BOT0 KOMIIpecopa MOXe 3a0e3MeUuTu 30iJbLIeHHS
CTYTICHS MiABUIIEHHS TUCKY Ha 1—15 %. Ha po3paxyH-
KOBOMY PEXHWMi CTYIiHb MiABUILEHHS TUCKY 301i/IbIIIy-
€Tbes Ha 8.5 %. CTymiHb i3 IBOPSIIHUM POOOYUM KOJIe-
COM Mae€ Oilblly aKyCTUYHY €(eKTUBHICTb, HiXX CTY-
ITiIHb KOMIIPECOpa 3 OMHOPSITHUM POOOYUM KOJICCOM.
OTpuMaHi pe3yJabTaTH CBimUaTh IIPO CYTTEBE 3MEH-
IIEHHs aKyCTUYHOTO TUCKY TUIOJIbHOTO mKepeia. Ha
pO3paxyHKOBOMY peXHUMi POOOTHM aKyCTUYHMI THUCK
JIUIIOJIBHOTO JKepesia 3MEHIIYEThCS Oiblle, HiX Ha
70 %, akyCTMYHMII TMCK KBaApyIOJbHOIO IIKepesa
3MEHIIYEThCS OiIbIe, HiX Ha 10 %.

HaykoBa HoBU3HA. YTieplile OTpUMaHi pe3yJbTaTh
KOMILIEKCHOTO TOCTiIKEHHS aepOANHAMIYHUX i aKyC-
TUYHUX XapaKTePUCTUK CTYTIEHsI OCbOBOTO KOMITPECO-
pa, 110 J03BOJISIOTh OLIHUTU €(hEKTUBHICTh 3aCTOCY-
BaHHSI TBOPSIAHUX JIOMATKOBUX BiHIIIB Y p0O0OYOMY KO-
JIeci TO03BYKOBOTO HU3BKOHATIIPHOTO CTYIIEHSI OChOBO-
ro KoMIIpecopa.

IIpakTHuna 3HaumMicTh. OTpHUMaHiI peKOMEHIAIlil
MOXYTb OyTM BUKOPUCTaHi MPU MPOEKTYBaHHI JIOTIAT-
KOBHMX MalllMH 3 HU3bKUM PiBHEM aKyCTUUYHOI eMicii.

Kimouosi ciioBa: cmynins ocbo6020 komnpecopa, 080-
PAOHe poboue Koaeco, OUNOAbHE aKycmuyHe o0xicepeno,
K8aopynoavHe aKycmuute 0dxcepeno, CmMyninb nioguujeH-
Hs MUcKky
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A3poakycTUyecKue XapakTepUCTUKH CTyNEeHH
0CEBOT0 KOMIIPECCOPA C ABYXPSIHBIM Pad0uYnM
KOJIECOM
E. B. Jlopowenko, 0. M. Tepewenxo, IO. FO. Tepewenko,
A. A. Kywunckuii

HauuoHayibHBI  aBUALIMOHHBIN  YHUBEPCUTET, T.
YkpauHa, e-mail: doroshenko@nau.edu.ua

Kues,

eab. CpaBHUTEIbHAS OIIEHKA a3p0aKyCTUYECKUX
XapaKTepUCTUK CTYTIeHEN OCEBOTO KOMITpeccopa C Ofl-
HOPSITHBIM ¥ 9KBUBAJICHTHBIM JIBYXPSIITHBIM KOJIECOM.

Metoauka. MccnemoBaHue BBIITOJIHEHO C ITOMO-
IIBIO YKMCJIEHHOTO 3KcIepuMeHTa. [lapamMeTpsl Teue-
HUSI B CTYIICHM OCEBOTO KOMIIpECCOpa pPacCUNTHIBA-
JINCh TIyTeM peIIeHUsS HECTAIIMOHAPHOM CHCTEMBI
ypaBHeHuit HaBbe — CToOKca. YpaBHEHUS 3aMbIKaJINCh
MoJeliblo TypOysieHTHO BsI3kocTh SST. CTyneHb KOM-
Tpeccopa CoCTosIa U3 BXOIHOTO HAIIPABJISIIOLIETO ar-
napara, pabouyero Kojieca M HalpaspJsIOIIero anmnapa-
Ta. Pabouee Kojeco MoOIMPUIIMPOBAHHOU CTYIEHU
OCEBOTO KOMIIpeccopa BBIMOJHEHO KaK 3KBMBAJICHT-
HBII ABYXPSIHBIN JOMATOYHBIN BeHell. AKYCTUYECKUE
WCTOYHUKHN CTYIIEHU OCEBOTO KOMIIPECCOpPa paccuM-
THIBAJIMCH C TIOMOIIIbIO ypaBHeHUsT Poke Buibsimca —
XOoyKMHrca.

Pesymbratbl. [TomydeHBI pe3yabTaThl CpaBHUTEIb-
HOI OLICHKM a3p0aKyCTUYECKUX XapaKTEPUCTUK CTYy-
TIEHE 0CEBOTrO KOMITpEccopa ¢ OTHOPSIHBIM U 3KBU-
BaJICHTHBIM IBYXPSITHBIM padounM KojiecoM. Mcros-
30BaHUE ABYXPSIHOTO JIOMMATOYHOTO BEHIIA BMECTO
SKBUBaJIEHTHOT'O OJHOPSITHOTO B paboyeM KoJjiece CTy-

54

IIEHX OCEBOTO KOMIIpECCopa MOXET 00eCIIeUUTh yBe-
JIMYEHUE CTYIEHU MOBBILIECHKS gaBieHus Ha 1—15 %.
Ha pacyeTHOM pexxume cTeleHb MOBBIIICHMS TaBIe-
HUS yBeJmuuBaetcs Ha 8.5 %. CTyneHb ¢ IBYXPsITHBIM
paboynM KOJECOM HMMEET OOJIBbIIYI0 aKyCTUYECKYIO
3((HEKTUBHOCTh, YEM CTYIIEHb KOMIIpeccopa ¢ OIHO-
PSIHBIM paboyuM KosiecoM. ITomyyeHHbIe pe3yabTaThl
CBMIETEJILCTBYIOT O CYIIIECTBEHHOM YMEHbBIIIEHUH aKy-
CTUYECKOTO JaBJIEHUsI IUIMOJBLHOTO MCTOYHMKa. Ha
pacyeTHOM pexXrMe paboThl aKyCTUYeCKOe NaBlIeHUeE
JIATIOJTLHOTO MCTOYHMKA YMEHBIIAeTCsl OOJbINe, YeM
Ha 70 %, akycTuuecKoe OaBlieHME KBaApYIOJIbHOIO
HMCTOYHMKA YMEHbIIaeTcs 0oblie, yeM Ha 10 %.

Hayunast HoBu3Ha. BriepBEIe moTydeHBI pe3yabTaThl
KOMILIEKCHOTO HMCCJIEHOBAHUS a3pPOIUHAMMYCCKUX U
aKyCTUUYECKMX XapaKTEePUCTUK CTYIIEHU OCEBOTIO KOM-
npeccopa, KOTOphIe MO3BOISIOT OLIEHUTh 3 (HEKTUB-
HOCTbh IPUMEHEHMUS IBYXPSAHBIX JJOMATOUHbIX BEHIIOB
B paboyeM KoJiece NJO3BYKOBON HU3KOHAIIOPHOM CTY-
TIEHN 0CEBOT'0 KOMIIpECCopa.

IIpakTynas 3HauuMocTb. [loydyeHHBIE peKOMEH-
JAIIUY MOTYT OBITh UCITOJIb30BaHbI TIPU TTPOEKTUPOBA-
HUU JIOTIATOYHBIX MAIIIMH ¢ HU3KWM YPOBHEM aKyCTHU-
YeCKOU 3MUCCUU.

KimoueBble clI0Ba: cmyneus 0cesoeo Kommnpeccopa,
08yxps0Hoe pabouee Koneco, OUNOAbHBII AKYCMUYeCKU
UCTMOYHUK, KB8AOPYNOAbHbII AKYCMUHECKUL UCMOYHUK,
cmeneHs NOBblUleHUS 0a8AeHUs

Pexomendosano 0o nybaixauyii dokm. mexH. HAYK
0. A. Tamapeazinum. Jama HaodxoddxucenHs pykKonucy
26.12.17.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 1



