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AEROACOUSTIC CHARACTERISTICS ОF ТНЕ AXIAL COMPRESSOR
STAGE WITH TANDEM IMPELLER

Рчцоsе. Comparative evaluation of aeroacoustic characteristics of the axial соmрrеssоr stages with а single and
equivalent tandem impeller.

Methodolory. The rеsеагсh was реrfоrmеd using the пumегiсаl ехреrimепt. The flow рагаmеtеrs in the stage of
the axial соmрrеssоr wеrе calculated Ьу solving the. non-stationary system of Navier - Stokes equations. The equa-
tions weTe closed Ьу the model of tuгЬulепt viscosity SST. The stage of the соmрrеssоr consisted of inlet guide vanes,
the impeller and the guide vanes. The imреllег of the modified axial соmрrеssоr stage is designed as an equivalent
tandem rоw. Acoustic sочrсеs of the axial соmрrеssог stage were calculated using the Ffowcs Williams - Hawkings
equation. 

::

Findings. The гesults of а соmрагаtЙ eva]uation of the aeroacoustic characteristics of the axial соmрrеssог stages
with а siпфе and equivalent dоuЬlе-гоw imреllел;аге оЬtаiлеd. The use of а tandem rоw instead of an equivalent
single гоw in the impelleT of the axial соmрrеssог slage makes it possible to increase the рrеssurе гаtiо Ьу |-I5 % . |п
the design mode, the pressure ratio is iпсгеФеd Ьу 8.5 Vо. А stage with а tandem impeller has grеаtеr acoustic effi-
ciency than а соmрrеssоr stage with а single impeller. The obtained гesults dеmопstгаtе а significant decrease in the
acoustic рrеssurе of the dipole sоurсе. In the design mode, the acoustic ргеssurе of the dipole sоurсе decTeases Ьу
mоrе than 70 %,the acoustic рrеssurе of the quadrupole sоuгсе dесгеаsеs Ьу mоrе than 10 %.

Originality. Fоr the first time the results of а comprehensive study of the aerodynamic and acoustic characteristics
of the axial соmрrеssоr stage wеrе obtained. The results allow estimating the efficiency of application of Иndem rоw
in the impeller of the low loaded subsonic stage of the ахiаl соmрrеssоr.

Practical value. The received recommendations can Ье used while designing imреllеr machines with а low lече1 of
acoustic emission.

Кеуwоrds: axial compressor stage, tапdеm impeller, dipole acoustic source, quadrupole acoustic source, pressure ratio
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Introduction. One of the important рrоЬlеms of the
aircraft engine building is to increase the efficiency of
gas turbine engines and to ensure gas-dynamic stability
in awide rапgе of operating conditions. The parameteтs
of the worНng рrосеss and the loss level in the elements
ofthe engine determine the perfection of the gas turbine
engine. First of а11, improving the fuel efficiency and en-
gine efficiency is епsurеd Ьу increasing the gas tempera-
turе Ьеfоrе the turbine. The gas temperaturc growth Ье-
fоrе the turbine requires а simultaneous increase in
pressure ratio of the соmргеssоI. PressuTe ratio gTowth is
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provided Ьу raising the гоtог speed, the аеrоdупаmiс
loading growth of the stages, and also Ьу increasing the
пumЬеr of stages. However, incTeasing the пumЬеr of
stages entails the очегаll mass characteristics growth of
the engine [1]. А promising way to iпсrеаsе the аеrоdу-
namic loading of stages is the use of tandem blades.

in addition to high engine efficiency and fuel eff-
ciency, mоdегп gas-turbine engine should have а high
acoustic регfесtiоп. One of the main noise sоuгсеs of
gas-tuйine engine is the соmргеssоr. The sound-ab-
soгbing mаtегiаls аrе widely used for noise reduction.
Ноrr,еr,ег. the noise rеduсtiоп achieved with the help of
the sound-absoгbing mаtегiаls is not enough. Тhеге-
fоге, rеsеагсh studies aimed at improving the aerody-
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namic and acoustic characteristics of tandem axial соm-
рrеssоr stages аrе геlечапt.

Analysis of the rесепt rеsеагсh and рrоЬIеm state-
mепt. Today quite а lot of ехрегimепtаl and theoretical
works аrе devoted to the study of аегоdупаmiс сhагас-
teristics of tandem blade гоws. The results of 2D flow
simulation in а single апd tandem impeller of а low-
speed axial соmрrеssоr аrе presented in [2]. The authors
analyzed the distribution of the рrеssurе field in the in-
tеrЬlаdе channel. The flow visualizations in single and
tandem cascade of the imреllег аге shown. Рареr [3l
pтesents the results of пumеriсаl simulation of the flow
in а blade гоw with tandem blades. The influence of geo-
mеtriс раrаmеtегs of а tandem blade rоw on its аеrоdу-
namic chaгacteristics is analyzed. А method fоr design-
ing of the соmргеssоr stage with tandem blade гоws is
proposed in [4]. The authors obtained and analyzed the
characteгistics of stage with single imреllег and guide
vanes, tandem imреllеr and guide vanes. It is shown that
loading of the stage with Иndem blades increases. Wогk
[5] is devoted to the investigation of the effectiveness of
tandem чагiаЬlе guide vanes. The characteristics of а
stage with tandem чаriаЬlе guide vanes аrе analyzed in
агtiсlе [5]. It is shown that tandem blade row allows im-
proving рrеssurе ratio of the stage. The analysis of [2-5]
shows that the use of tandem blade rоws makes it possi-
ble to improve the аегоdупаmiс characteгistics and in-
сгеаsе the соmрrеssог loading.

Мапу thеогеtiсаl and experimental wоrks аrе devot-
ed to the undersИnding of noise fогmаtiоп mechanism
in the elements of turbomachines. The noise sources in
the пеаr field of mоdеrп аirсгаfts аrе analyzed in [6].
The authors present critical rечiеw of diffегепt methods
fоr calculating the acoustic characteristics in the пеаr
field. It is shown that соmрrеssоr and fan аrе опе of the
main noise sоurсеs in engine. In [7], diffегепt fасtогs
that affect the noise level in the axial fan аrе investigat-
ed. On the basis of experimental data, the generation of
tonal components of the acoustic radiation of ап axial
1Ъп at low subsonic speed is analyzed, The noise gепеrа-
tion of а fouг-stage axial соmрrеssоr at high subsonic
speed is consideTed in [8]. The interaction effect оfrоtоr
зпd stаtог iп the calculation ofthe acoustic chaгacteris-
:ics of the соmрrеssоr is investigated in [9]. Дsо, the
зuthоrs identified the dependence of tonal noise frоm
.re shape ofthe leading edge ofthe rotorblades.

As shown in [6-9], the components of the acoustic
- зCiation vary ассоrdiпg to different operation modes,
- а геsult of the gas-dynamic interaction of elements of
-1е гоtоr-ýtаtоr system, the рrеsепсе of turЬulепсе and
:апу оthег factors.

.\nalpis of the rеsеаrсh рrеsепtеd in [2-9] has
r lJ\\,n that опе of the methods to increase аегоdупаmiс
- зding of the axial соmрrеssоI stages is the use of tan-
::п biade rоws. Ноwечец the acoustic characteristics of
.:dem blade rows have not been investigated to the
:. esent day.

Тhе objectives of the аrtiсlе. The aim of рrеsепt wогk
, .,э imрrоче the acoustic chaгacteristics of axial соm-

_ :;ssог stage. То accomplish the aim of the rеsеаrсh, the
'. _ эlviпg tasks were set.
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1. То реrГоrm а calculation analysis of аеrоdупаmiс
loading of the axial соmрrеssоr stage йth single and
equivalent tandem impellers in different ореrаtiопаl
modes.

2. То estimate acoustic characteristics of the axial
соmрIеssоr stage with а singie rоw and equivalent tan-
dem rоw of the impeller in different operational modes.

Rеsеагсh technique. The rеsеаrсh was реrfогmеd us-
ing the пчmегiсаl ехреrimепt. The flow раrаmеtеrs in
the stage of the axial соmрrеssоI wеrе calculated Ьу
solving the non-stationary system of Nачiеr - Stokes
equations. The equations wеrе closed-formed Ьу the
tuгЬulепt viscosity mode1 SST. А ЗD model of the axial
соmргеssоr stage was built. The stage of the соmргеssоf
consisted of inlet guide yanes, the impelleг and the guide
vanes. Ап unstructured adaptive grid was used fоr calcu-
lation. Computational grid consisted of арргохimаtеlу 2
million cells. According to condition of periodicity, the
design агеа of eachblade was composed of а single blade
and an interblade channel.

Acoustic sоuгсеs of the axial соmрrеssоI stage wеrе
calculated using the Ffowcs Williams - HawНngs equa-
tion.

Reliability of the obtained results was ensured Ьу
реrfогmiпg the test [10].

Main геsчlts. The object of rеsеаrсh was axial соm-
рrеssоr stage. The stage of the соmрrеssоr consisted of
the inlet guide vanes, the imреllеr and the guide vanes.
The blade rоw ofthe inlet guide vanes had 30 blades; the
imреllеr and guide vanes had 24 blades.

ТаЬlе gives the geometric characteristics of the base
axial соmрrеssоr stage with single blade rows [12]: r -
the cross-section radius; t/b - Telrative pitch ofthe airfoil
cascade; В, - the angle offlow inlet; Р2 -angle offloъ,
outlet; у - the angle beМeen ргоfllе сhогd Ь and the го-
tоr rotation plane.

The modified sИgе of the axial соmргеssог consisted
ofthTee blade rоws: inlet guide чапеs (30 blades), imреllег
(24 blades), and gride vanes (24 blades). The blade row of

Table

Geometrical characteгistics of the blade гоws

Inlet guide vanes

r, mm 80 104 136 l68 200

t/b 0,48 0.624 0.816 1.008 1,2

89"18, 87"з7, 85,10, 83" 81,46,

ImpelleT

r, mm 80 104 136 168 200

t/b 0.468 0.589 0.742 0.878 1.005

Pr 62"37, 57"55, 5|,47, 46"42, 42"09,

Fэ 10l"4з, 96"27, 88"30, 80,0з, 7l"\з,

85"0l, 80,2з, ,lз,4о,
66"57, 60,02,

Guide vanes

r, lnrn 80 104 136 l68 200

t/b 0.475 0.55 0.633 0.699 0.747

76,з0, 74,40, 72"17, 69"59, 67,з6,
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the impelleгis madewith an equivalent tandemblade гоw.
The blade rоw of the tandem impeller is designed ассоrd-
ing to the recommendations obtained in [11].

А sеriеs of calculations of flow ратаmеtегs in the
stage of an axial compressorwith а single and equivalent
tandem imреllеr were саrriеd out. The calculations wеrе
регfогmеd fоr modes with а circumferential velocity at
the реriрhеrаl radius щ = 272.7 mfs, u2 = 238.7 m/s,
uз=204.7 mf s, ua= 170.7 m/s.

То evaluate the аеrоdlmаmiс loading of an axial
соmрrеssоr stage, the рrеssurе rаtiо fоr fоuг гotation
speeds was calculated. Based on the calculation results
the dependence ofpressure Tatio in stage frоm the gas-
dynamic functions 4(}"") was built.

The рrеssuге гаtiо was calculated Ьу the formula

whеге pi is the average value of total рrеssurе at the

stage inlet; pi ls tbe ачеrаgе value oftotal рrеssчrе at
the outlet of the stage. The averaging of the flow раrаm-
еtегs was саrriеd out ассогdiпg to the principle ofaver-
age mass averaging очеr the radius.

Gas-dynamic function 4(}"") was determined frоm
the rеlаtiоп

where l." =9 i, the velociф coefficient; с is axial flow
а

velocity at the inlet; а is sound speed; fr is the adiabatic
index.

Fig. 1 shows the соmртеssоr stage characteristics in
the fоrm ofdependence оfрrеssurе ratio on the gas-dy-
namic function c(r").The solid line shorvs the results fог

,the base stage of the axial соmргеssоr with а single im-
pelleb the line with points shows the геsults fог the
modified stage of axial compressor with an equivalent
tandem imреllеr.

Analpis of the grарhs in Fig. 1 shows that the sИge
йth а Ипdеm imреllеr in а11 орегаtiопаl modes has
grеаtеr рrеssuго ratio than the соmрrеssоr stage with а
single impeller.

At rotational speed па, the minimum value of рrеs-
sчrе ratio on the left branch incгeases frоm 1.08 to
1.105, maximum - frоm 1.095 to 1.106. At rotational
speed из, the minimum value of рrеssurе Tatio оп the
left Ьrапсh increases frоm 1.1 to 1.133, maximum -
fгоm 1.135 to 1.16. The largest growth of рrеssurе ratio
is оЬsеrчеd at а rotational speed of п2 апd 11. At rota-
tional speed п2,thе minimumvalue ofpressure rаtiо on
the left Ьrапсh increases frоm 1.123 to 1.183, maxi-
mum -- fгоm 1.175 to 1.235. At rotational speed n1, the
minimum value оfрrеssurе rаtiо on the left Ьrапсh !n-
сrеаsеs frоm 1.18 to |,26, maximum - frоm 1.21 to
1.35. At the design ореrаtiоп mode, the pressure ratio
iпсrеаsеs frоm 1.21 to 1.314. The use of an equivalent
tandem impeller gave the opportunity to improve the
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Fig. 1. Characteistics of axial compressor stage

pressure ratio чаluе on the left branches оfргеssuге Iine
to mахimum values of axial соmрrеssоr stage with а
single impelleT,

This phenomenon can Ье explained as follows. Pas-
sive сопtrоl of the boundary lауеr takes рlасе in а Иn-
dem imреПеr. That is why the deflection angle of а tan-
dem imреПеr is mоге than the deflection angle of а sin-
gle impeller. Thus, incTeasing the аеrоdlmаmiс loading
of the axial соmрrеssоr sИge can Ье achieved Ьу use of а
Иndem imреllеr. Obtained result agrees well with the
results оfоthег authors [4, 5].

The next objective of the rеsеаrсh was compaгative
estimation of acoustic characteristics of axial соmрrеs-
Sоr Stages.

The aerodynamic loading acting оп blades of impel-
lеr and guide vanes is continuous in time, In the gепеrа1

case they аrе non-stationary rапdоm functions and fоr
constant operation modes of the impeller can Ье герrе-
sented as

F=Ф(t)ё't,

whеrе Ф(r) is а stationary random functioп; d^' is deter-
ministic mulфliец which takes into account the peri-
odic паturе of function change. А stationary rапdоm
function Ф(l) mауЬе considered as the sum ofthe static,
i. е. time-independent, and dynamic оr pulsating com-
ponents,

The acoustic radiation is fоrmеd during the action
on non-stationary fоrсе enviTonment. Non-stationary
fоrсе is analogous to the регiоdiс action оп епчirопmепt
Ьу impeller blades. Acoustic гаdiаtiоп spectrum is su-
perposition of spectra of sИtic and pulsating loading
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соmропепý. Static component of аегоdупаmiс loading
согrеsропds to discrete emission sресtгчm, and pulsat-
ing component is continuous in frequency spectrum rа-
diation. Acoustic emission of axial 

"Ъ-рr".rо, 
stage ас-

cording to effect оп the non-stationary bading епчiгоп-
ment mау Ье divided, depending on nature of loading
change in time, into continuous and pulse, and dependl
ing оп Кпd of radiation spectrum on the hагmопiс and
broadband.

The impulse type гаdiаtiоп оссurs in interaction of
чапеs with uпifоrmlу distributed очеr the wheel disk un-
evenness in the fоrm of tuгьulепt tracks behind the im-
реllеr blades. The impulse tlpe radiation can also Ье
generated Ьу the imреllеr blades when inlet guide vanes
аrе installed in fгопt of the imреllеr. Рuhъ radiation
sресtгum is asupeгposition of hаrmопiс and broadband
components.

тhеrе аrе sечеrаl possible models fоr interaction of
flow uпечеппеss with the imреllеr and the luide чапеs,
which leads to sound formation. one of й models is
dipole. The dipole model explains the sound арреаr-
апсе Ьу the action of чагiаьlе pulsating fоrсеs on the
blade. Апоthеr model is а quadrupole bodel. It con-
nects the sound generation with fluctuations of Reyn-
olds stresses in rotational flow.

The discrete components аrе dominated at the fге-
quency of bpelleгblades and its hаrmопiсs at subsonic
speeds of impeller in spectrum on the ЬасШгоuпd of
ьгоаdьапd noise.

The арреаrапсе ofЬrоаdьапd and discrete соmро-
nents_of the noise spectrum is due to stationary and riп-
dom flow unevenness at subsonic relative speeds оп the
imрецег bъdes. Рrеssurе fluctuations аrisеъs а геsult of
uneven flow inteгaction with the blades, and turп into
sound waves. stationary flow unevenness is associated
with the gепегаl flow unevenness that епtеrs the input
device. The rапdоm uпеyеппеss is associated with tuг-
bulence of input flow, boundary lауеr оп the walls and
on blades, аъwеll as with tuгьulепсе in the tracks behind
the blades and turbulence in secondary flows on the im-
реllегрегiрhеry.

Acoustic radiation of the соmрrеssоr sиgе is caused
ьу аеrоdупаmiс sоurсеs. Discгete and broaJband соm-
ponents аrе рrеsепt in noise spectrum of axial соmрrеs-
Sоr Stage. А discrete component is generated Ьу thЪ di-
роlе and monopole acoustic SouIceS. The dipole acous-
tic source is caused Ьу аегоdупаmiс loading of axial
соmрrеssоr stage. Тhе monopole acoustic sоurсе is due
to displacement noise, but it has quite а small value fоr
соmрrеssоБ and fans.

The quadrupole acoustic Sоurсе is fогmеd Ьу чоrtех
noise. The quadrupole acoustic source is а Ьгоаdьапd
component of total acoustic radiation.

The total acoustic radiation of an axial соmрIеssоr
stage is сhагасtеrizеd Ьу the dipole, quаdruроlе and
monopole acoustic sources. The dipole acoustic sоuгсе
dominates in general acoustic radiation fог а subsonic
impeller. Acoustic Sources of the axial соmргеSSоr SИge
wеге calculated using the Ffowcs Williams - Haч,kinls
equation. It гергеsепts solution fоr inhomogeneous
wave equation with solid boundaries.
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(1)

wheTe р is density; сб is sound speed in а stationary envi-
гопmепq xi, xj ате coordinates of observation points; И
is gasvolume; 7], is Lighthill tuгЬulепсе StreSS tепSоr; r
is radial соогdiпаtе ofthe point ofobservation in а су-
lindгical coordinate System; лý is streamlined surface; и,
is flow velocity in the diгесtiоп х,; unis погmаl velocity
пеаг the solid suгfасе; 1, ехргеssеs the flow fоrсе acts the
boundary in the diгectior, ц оr, the unit of the surfасе лs.

The components of expression (i) canbe interpreted
as follows. The first item rерrеsепts the sound radiation
ьу quadTupoles, which аге distгibuted in а tuгbulent
flow at some distance frоm the boundaries. The second
item is гadiation fгоm dipoles distributed on the sur-
face S.

These sources аге dеtегmiпеd Ьу рIеSSurе pulsation
and viscous stresses. The value pupn сhатасtегizеs the
rаtе of momentum change, it is zеrо in case of а rigid
plane оr а plane oscillating in its own boundary, wЙlе
fоr moving Ьоuпdагiеs it characterizes the trапsfеr of
momentum plane, which is пеаrЬу. Раrаmеtегр, rерrе-
sents the fоrсе flow impact on the Ьоuпdагiеs. The third
item is the monopole sound sources, which аrе located
on the surface ý, It characterizes the fact that due to
ьоuпdаrу surface movement, the liquid is pushed out of
the аrеа which it has occupied. In the abience of solid
Ьоuпdагiеs, second and third integrals disарреаг and
equation becomes the well-known Lightыll solution.

Based оп the fact that the mопороlе acoustic source
does not make а significant contribution to gепеrаl
acoustic radiation of the axial соmрrеSsоr, the dipole
and quadrupole acoustic sources weie calculated in the
wоrk.

Fig. 2 shows the acoustic characteгistics of base and
modified stages of the axial соmрrеssоr in the fоrm of
dependence of the quadrupole sоurсе acoustic рrеssurе
on gas-dynamic functions 4(},") fоr fоuг rotation speeds.

The value ofquadrupole sоuгсе acoustic ргеssurе of
ап axial соmрrеSsоr stage with а single ,ow urrd equiva-
lent tandem rоw of imреllеr increases йth the iпсrеаs-
ing rotational speed and inlet flow velocity. Replace-
ment of the single rowwith an equivalent tandem rоw of
an impeller led to insignificant increasing quadrupole
Sоuгсе acoustic рrеSsurе at small values: 4(fu") at гЪtа-
ti9ryl sлге9d пц Q(t"") = 0.4,..0.45, at rоtаtiЁпаi speed rз
а(),") = 0,4...0.52, at rotational speed lz2 4(fu") = о.4в...о.о,
at гоtаtiопаl speed п, q{X,) = 0.6...0.67. Ноwечец in
modes which соггеsропd to the right Ьгапсhеs of рrеs-
suге lines, the value ofquadrupole sоurсе acoustic рrеs-sure dесгеаsеs. Fоr rotational speed п. at q(i,) =
= 0.5...0.64 acoustic рrеSsurе is rеduсеd Ьу sбО...
1450 Ра. Fоr rotational speed п, at q(X") = 0.55...0.675
acoustic рrеSsurе is reduced Ьу 500...1900 Ра. Fоr rоtа-
tional speed п2аl q(X") = 0.64...0,85 acoustic рrеssuге is
Teduced Ьу 700.,.3300 Ра. Fоr rotational speed и, at
q(},,) = 0.7...0.s5 acoustic pressure is reduced Ьу
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Fig. 2. Дсоustiс characteistics of ап axial compressor
stage with а quadrupole source

700...3400 Ра. The quadrupole source acoustic рrеssurе
decreases frоm 22500 to 20 000 Ра at calculated design
operation mode.

Fig. 3 shows the acoustic characteristics of base and
modified stages of an axial соmрrеssоr in the fоrm of

dependence ofthe dipole souIce acoustic рrеssurе fгоm
the gas-dynamic functions 4(}".) fоr fоur гotational
speeds,

Thc r alue of dipole sоurсе acoustic pressuTe of ап
ала1 соmргеssог stage with а single rоw of imреllег in-
сгееsеs цith the increasing value of the gas-dynamic
luпсtiопs and гotational speed. Growth of acoustic
рIеssuге in the axial соmрrеssоr stage with а tandem
rorl ol an impeller is observed at rotational speed 14 at
q(i,.\ = 0..1..,0.42, at rotational speed пз at q{X") =

= 0.1...0.5. а1 гotational speed и2 at q(}..) = 0.48...0.57,
at гоtаtiопаl speed r1 at 4(},.) = 0.6..,0.64. Ноwечеr, in
the ореrаtiоп modes that согrеsропd to the right
Ьгапсh of ргеssurе lines, dipole source acoustic рrеs-
suTe is significantly гeduced. Fоr fгеquепсу п4аt s(},.) =

= 0.6 the acoustic рrеssurе decreases frоm 40 000 to
4100 Ра, Fог fгеquепсу пз al q()"") = 0,675 the acoustic
рrеssurе dесrеаsеs frоm 51 000 to 9150 Ра. Fоr fre-
quency п, al q(X") = 0,8 the acoustic pressure decreases
frоm 80 000 to 8200 Ра. Fоr frequenc} /l1 at 4(}"с) = 0.85
the acoustic рrеssurе dесrеаsеs frоm 97 200 to
10 300 Ра. In the calculated design operation mode the
dipole sоurсе acoustic рrеssurе decгeases frоm 81 000
to 24 000 Ра. This is because the чаluе of dipole sоuгсе
acoustic pTessuгe depends on the аегоdупаmiс loading
of the stage. Аегоdупаmiс loading in а stage with an
equivalent tandem rоw increases and this contributes to
а significant reduction of dipole sоurсе acoustic рrеs-
Surе.

So the use of а stage with а tandem rоw of an impel-
lеr makes it possible to improve the acoustic сhаrасtеr-
istics of an axial соmрrеssоr stage in пеаr field. Fоr an
axial соmргеssоr stage with а single rоw of ап impeller
dominant noise source is the dipole. The use of ап
equivalent tandem гоw of an impeller leads to significant
reduction of dipole source acoustic рrеssuге, and , in
certain modes, the dominant sоurсе is quadrupole,
Тhеrеfоrе, fоr furthеr improving of acoustic efficiency
of the axial соmрrеssоr stage it is necessary to affect the
quadrupole acoustic sоurсе.

The method of acoustic emission determination on
the basis of application of the FfowcsWilliams - Hawk-
ings equation does not take into account the iпtеrfеr-
ence ofdipole and quadTupole sоurсеs. Тhеrеfоrе, the
task fоr future rеsеаrсh is to create calculation methods
of mопороlе, dipole and quadrupole sound sоurсеs in-
tеrfеrепсе of the axial соmрrеssоr stage.

Conclusions.
1. The results of the rеsеаrсh showed that герlасе-

ment of single rоw of imреllеr on the equivalent tandem
rоw of an impeller in an axial compressor stage leads to
the growth of ргеssurе ratio from |-|5 %.In the design
operation mode, the pressure ratio increases Ьу 8.5 %.

2. Fоr the first time, the results of comprehensive rе-
sеаrсh on аеrоdупаmiс and acoustic characteristics of
ап axial compressor stage аrе obtained, which allow es-
timating the efficiency of application of а tandem rоw of
an impeller of а subsonic lоw-рrеssurе axial соmрrеssоr
Stage.

Comparative estimation of acoustic characteristics
of an axial соmрrеssоr stage with а single гоw and equiv-
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alent tandem гоw of an imреllеr in different ореrаtiоп
modes showed that а sиge with а tandem rоw of an im-
реllеr has gгеаtеr acoustic efficiency than а compressol
stage with а single rоw of an imрепег. obtained гesults
indicate significant decreasing dipole source acoustic
ргеSSчrе, In the design operation mode, the dipole
source acoustic рrеssurе decTeases Ьу mоrе thап7б %,
while quadrupole sочгсе acoustic рr.rrrrr. decreases Ьу
mоrе than 10 %.
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Аероакустичнi характеристики ступеня
осьового компресора iз дворядним робочим

колесом

К. В,!ороuленrcо, Ю. М. Тереulенrcо, Ю. Ю. Tepeu4eHKo,
А. О. Куtцuнсьrcuй

Нацiональний авiацiйний 1тliверситет, м. Киiв, YKpaiHa,
e-mail: doroshenko@nau.edu.ua

Мета. Порiвняльна оцiнка аероакустичних ха-
рактеристик Сцrпенiв осьового компресора з одно-
рядним i еквiвалентним дворядним колесом.

Методика. Щослiдкення виконано за допомо-
гою чиселЬного експеРименту. Параметри течii усryпенi осьового компресора розрахов}ъаJIися
шляхом розв'язанttя нестацiонарноi системи piB-
нянь Нав'е - Стокса. Рiвняння замикzчIись модел-
лю ryрбулентноi в'язкостi SST. Стlпiнь компресо-
ра ск,IадаJIася зi вхЦного напрямного апарату, ро-бочого колеса й направляючого апарату. Робьче
колесо модифiкованого сцдтенrI осьового компре-
сора виконано як еквiвалентний дворядний лопат-
ковий вiнець. Акустичнi джерела СТ}лIтешI осьового
ком_пресора розраховувались за допомогою рiвrrян-ня Фокс Вiльямса - Хоукiнгса.

.Результати. Отриманi результати порiвняльноi
оцiнкИ аероакустиlIних характеристик сц,тtенiв
осьового компресора з однорядним i еквьалент-
ним дворядним робочим колесом. Застосування
дворядного лопаткового вiнця замiсть еквьа,тент-
ного однорядного в робочому колесi сцтIеня осьо-
вого компресора мох(е забезпечити збiльшення
сцlпенrl пiдвищення тиску на 1_15 %. На розрахун-ковомУ режимi ступiнЬ пiдвищенrrя тиску збйьшу-
еться на 8,5 %. Ступiнь iз дворядним робочим коле-
сом мае бiльшу акустичну ефективнiсть, нiж сry-
пlнь компресора з однорядним робочим колесом,
отриманi результати свiдчать про с}.ггеве змен-
шення акусти!Iного тиску дипольного дкерела. На
розрiлх}т{ковому режимi роботи акустичний тиск
дипольного дкерела зменшуеться бiльше, нiж на70 %, акустичний тиск квадр}.польного джерела
зменшуеться бiльше, нiж на 10 %.

Наукова Еовизна. Уперше отриманi результати
комIIлексного дослiдження аеродинамiчних i акус-
тичних характеристик ст}цIенrI осьового компресо-
ра, що дозволrIють оцiнити ефективнiсть застосу-
BaHHrI дворядних лопаткових вiнцiв у робочому ко-
лесi дозвlкового низьконапiрного сrl"ra", осьово-
го компресора.

Практична значимiсть. Отриманi рекомендацii
мож}ть буги використанi при проект}ъаннi лопат-
кових машин з низьким piBHeM акустичноi eMicii.

Кrючовi слова: сmупiнь осьово2о кол,tпресора, Ово-
ряdне робоче rcолесо, Оuпольне 

";у;;;;;; duсерело,
rcваOрупольне акусmuчне Олсерело, сmупiнь пidвiulен-
ня mаску
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Аэроакустические характеристики ступени
осевого компрессора с двухрядным рабочим

колесом

Е. В.!ороuленrcо, Ю. М. kрещенко, Ю.Ю.Терещенко,
Д,Д. Кущuнскuй

Национальный авиационный 1ниверситет, г. Киев,
Украина, e-mail: doгoshenko@nau.edu.ua

Щель. Сравнительнzя оценка аэроакустиIIеских
характеристик стlтlеней осевого компрессора с од-
норядным и эквивалентным двухрядным колесом.

методика. Исследование выполнено с помо-
щью численного эксперимента. Параметры тече-
ния в ступени осевого комIIрессора рассчитыва-
лись п},тем решениlI нестационарной системы
уравнений Навье - Стокса. Уравнения замыкuшись
моделью турбулентной вязкости S ST. Ступень ком-
прессора состоrulа из входного направлr{ющего ап-
парата, рабочего колеса и направлrIющего аппара-
та. Рабочее колесо модифицированной сц/пени
осевого компрессора выполнено как эквивrulент-
ный двухрядный лопаточный венец. Акустические
источники ступени осевого компрессора рассчи-
тывались с помощью и)авнения Фокс Вильямса -
Хоукингса.

Результаты. Полrучены результаты сравнитель-
ной оценки аэроакустических характеристик сту-
пеней осевою компрессора с однорядным и экви-
вrulентным двухрядным рабочим колесом. Исполь-
зование двухрядного лопаточного венца вместо
эквивментного однорядного в рабочем колесе сту-

пени осевого компрессора может обеспечить 1ве-
JIи1Iение ст}aпени повышениrI давлениrI ъlа |-\5 %,
На расчетном режиме степень повышения давJIе-
н}tя }ъеличивается на8.5 %. Ступень с двухрядным
рабочш,t колесом имеет большую акустиIIесý,ю
эффекп.твность, чем ступень компрессора с одно-
рядным рабочим колесом. Полцченные результаты
свидетельств}.ют о суцественном р{еньшении аку-
стиIIеского давления дипольного источника. На
расчетном режиме работы акустическое давJIение
диполъного источника }меньшается больше, чем
на 70 %, акустиlIеское давление квадр}польного
источника уI\{еньшается больше, чем на 1,0 %,

Нарная новпзна. Впервые поJццены 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 сry-
пени осевого компрессора.

Практичная значимость. Поrцпrенныо рекомен-
дации могуг быть использованы при rrроектирова-
нии лопаточных машин с низким и)овнем акусти-
ческой эмиссии.

Ключевые слова: сmупень осево2о коJйпрессора,
dqпсряdное рабочее rcолесо, duпольньtй аrcусmuческuй
uсmоцнлtк, кваOрупольньtй акусmuчесrcuй uсmочнuк,
с m епень по в ы ш енuя 0 а вленuя
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