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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 aerodynamic 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.
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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 

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.

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; t/b – relative pitch of the airfoil 
cascade; β1 – the angle of flow inlet; β2 –angle of flow 
outlet; γ – 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
γ 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
β1 62°37’ 57°55’ 51°47’ 46°42’ 42°09’
β2 101°43’ 96°27’ 88°30’ 80°03’ 71°13’
γ 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
γ 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 u1 = 272.7 m/s, u2 = 238.7 m/s, 
u3 = 204.7 m/s, u4 = 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 q(lc) was built.

The pressure ratio was calculated by the formula

*
2
*
1

,p
p

p =

where *
1p  is the average value of total pressure at the 

stage inlet; *
2p  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 q(lc) was determined from 
the relation
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λ =  is the velocity coefficient; с is axial flow 

velocity at the inlet; а 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 q(lc). 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 n4, 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 n2 and n1. At rota­
tional speed n2, 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 n1, 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 

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 aerodynamic 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 = F(t)eiwt,
where F(t) is a stationary random function; eiwt  is deter­
ministic multiplier, which takes into account the peri­
odic nature of function change. A stationary random 
function F(t) 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 

Fig. 1. Characteristics of axial compressor stage
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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 r is density; c0 is sound speed in a stationary envi­
ronment; xi, xj are coordinates of observation points; V  
is gas volume; Tij  is Lighthill turbulence stress tensor; r 
is radial coordinate of the point of observation in a cy­
lindrical coordinate system; S is streamlined surface; ui 
is flow velocity in the direction xi; un is normal velocity 
near the solid surface; pi  expresses the flow force acts the 
boundary in the direction xi 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 ruiun 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 pi repre­
sents the force flow impact on the boundaries. The third 
item is the monopole sound sources, which are located 
on the surface S. 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 q(lc) 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: q(lc) at rota­
tional speed n4 q(lc) = 0.4…0.45, at rotational speed n3 
q(lc) = 0.4…0.52, at rotational speed n2 q(lc) = 0.48…0.6, 
at rotational speed n1 q(lc) = 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 n4 at q(lc) = 
=  0.5…0.64 acoustic pressure is reduced by 500… 
1450 Pа. For rotational speed n3 at q(lc) = 0.55…0.675 
acoustic pressure is reduced by 500…1900 Pа. For rota­
tional speed n2 at q(lc) = 0.64…0.85 acoustic pressure is 
reduced by 700…3300 Pа. For rotational speed n1 at 
q(lc) = 0.7…0.85 acoustic pressure is reduced by 
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700…3400 Pа. 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 

dependence of the dipole source acoustic pressure from 
the gas-dynamic functions q(lc) 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 n4 at 
q(lc) = 0.4…0.42, at rotational speed n3 at q(lc) = 
= 0.4…0.5, at rotational speed n2 at q(lc) = 0.48…0.57, 
at rotational speed n1 at q(lc) = 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 n4 at q(lc) = 
= 0.6 the acoustic pressure decreases from 40  000 to 
4100 Pa. For frequency n3 at q(lc) = 0.675 the acoustic 
pressure decreases from 51  000 to 9150 Pa. For fre­
quency n2 at q(lc) = 0.8 the acoustic pressure decreases 
from 80 000 to 8200 Pa. For frequency n1 at q(lc) = 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 Pа. 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

Fig. 2. Acoustic characteristics of an axial compressor 
stage with a quadrupole source

Fig. 3. Acoustic characteristics of an axial compressor 
stage with a dipole source
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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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Аероакустичні характеристики ступеня 
осьового компресора із дворядним робочим 

колесом

К. В. Дорошенко, Ю. М. Терещенко, Ю. Ю. Терещенко, 
А. О. Кущинський

Національний авіаційний університет, м. Київ, Україна, 
e-mail: doroshenko@nau.edu.ua

Мета. Порівняльна оцінка аероакустичних ха­
рактеристик ступенів осьового компресора з одно­
рядним і еквівалентним дворядним колесом.

Методика. Дослідження виконано за допомо­
гою чисельного експерименту. Параметри течії у 
ступені осьового компресора розраховувалися 
шляхом розв’язання нестаціонарної системи рів­
нянь Нав’є – Стокса. Рівняння замикались модел­
лю турбулентної в’язкості SST. Ступінь компресо­
ра складалася зі вхідного напрямного апарату, ро­
бочого колеса й направляючого апарату. Робоче 
колесо модифікованого ступеня осьового компре­
сора виконано як еквівалентний дворядний лопат­
ковий вінець. Акустичні джерела ступеня осьового 
компресора розраховувались за допомогою рівнян­
ня Фокс Вільямса ‒ Хоукінгса.

Результати. Отримані результати порівняльної 
оцінки аероакустичних характеристик ступенів 
осьового компресора з однорядним і еквівалент­
ним дворядним робочим колесом. Застосування 
дворядного лопаткового вінця замість еквівалент­
ного однорядного в робочому колесі ступеня осьо­
вого компресора може забезпечити збільшення 
ступеня підвищення тиску на 1‒15 %. На розрахун­
ковому режимі ступінь підвищення тиску збільшу­
ється на 8.5 %. Ступінь із дворядним робочим коле­
сом має більшу акустичну ефективність, ніж сту­
пінь компресора з однорядним робочим колесом. 
Отримані результати свідчать про суттєве змен­
шення акустичного тиску дипольного джерела. На 
розрахунковому режимі роботи акустичний тиск 
дипольного джерела зменшується більше, ніж на 
70  %, акустичний тиск квадрупольного джерела 
зменшується більше, ніж на 10 %.

Наукова новизна. Уперше отримані результати 
комплексного дослідження аеродинамічних і акус­
тичних характеристик ступеня осьового компресо­
ра, що дозволяють оцінити ефективність застосу­
вання дворядних лопаткових вінців у робочому ко­
лесі дозвукового низьконапірного ступеня осьово­
го компресора.

Практична значимість. Отримані рекомендації 
можуть бути використані при проектуванні лопат­
кових машин з низьким рівнем акустичної емісії.

Ключові слова: ступінь осьового компресора, дво-
рядне робоче колесо, дипольне акустичне джерело, 
квадрупольне акустичне джерело, ступінь підвищен-
ня тиску
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Цель. Сравнительная оценка аэроакустических 
характеристик ступеней осевого компрессора с од­
норядным и эквивалентным двухрядным колесом.

Методика. Исследование выполнено с помо­
щью численного эксперимента. Параметры тече­
ния в ступени осевого компрессора рассчитыва­
лись путем решения нестационарной системы 
уравнений Навье – Стокса. Уравнения замыкались 
моделью турбулентной вязкости SST. Ступень ком­
прессора состояла из входного направляющего ап­
парата, рабочего колеса и направляющего аппара­
та. Рабочее колесо модифицированной ступени 
осевого компрессора выполнено как эквивалент­
ный двухрядный лопаточный венец. Акустические 
источники ступени осевого компрессора рассчи­
тывались с помощью уравнения Фокс Вильямса – 
Хоукингса.

Результаты. Получены результаты сравнитель­
ной оценки аэроакустических характеристик сту­
пеней осевого компрессора с однорядным и экви­
валентным двухрядным рабочим колесом. Исполь­
зование двухрядного лопаточного венца вместо 
эквивалентного однорядного в рабочем колесе сту­

пени осевого компрессора может обеспечить уве­
личение ступени повышения давления на 1‒15 %. 
На расчетном режиме степень повышения давле­
ния увеличивается на 8.5 %. Ступень с двухрядным 
рабочим колесом имеет большую акустическую 
эффективность, чем ступень компрессора с одно­
рядным рабочим колесом. Полученные результаты 
свидетельствуют о существенном уменьшении аку­
стического давления дипольного источника. На 
расчетном режиме работы акустическое давление 
дипольного источника уменьшается больше, чем 
на 70 %, акустическое давление квадрупольного 
источника уменьшается больше, чем на 10 %.

Научная новизна. Впервые получены результаты 
комплексного исследования аэродинамических и 
акустических характеристик ступени осевого ком­
прессора, которые позволяют оценить эффектив­
ность применения двухрядных лопаточных венцов 
в рабочем колесе дозвуковой низконапорной сту­
пени осевого компрессора.

Практичная значимость. Полученные рекомен­
дации могут быть использованы при проектирова­
нии лопаточных машин с низким уровнем акусти­
ческой эмиссии.

Ключевые слова: ступень осевого компрессора, 
двухрядное рабочее колесо, дипольный акустический 
источник, квадрупольный акустический источник, 
степень повышения давления
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