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The article considers the research results of D-27 gas turbine engine thrust-economical characteristics change
due to of axial compressor flow path optimization. The applied procedure of optimization takes into account a
difference in the shapes of axial compressor stage blades at rest and design mode, redistribution of kinetic
energy losses along the blade height. The estimation of parameters of a gas flow in the stage flow path is made

by the solution of Navier-Stokes equation complete set.

Introduction

The aircraft should correspond to a particular
mission which is determined by a performance
specification, and should provide the completion of
flying mission with the most effective utilization of
the on-board equipment. The performance of flying
mission should be provided both favourable and
adverse weather conditions, during the day and at
night by one airplane and in a group, according to
the aircraft destination.

Conventional development trends of cargo aviation
are increasing flight speed and range ability,
improving aircraft performance characteristics.
These characteristics include all parameters of the
aircraft necessary for the execution of assigned
tasks.

More powerful, economical and reliable power
plants are necessary to meet the demand. Engine
perfection is characterized by the following factors:
— thrust augmentation with simultaneous specific
weight decrease;

— decrease of overall dimensions and volumes;

— decrease of specific fuel consumption.

The main tendency of the engines further
improvement is development and application of new
engine structures and its units, which would ensure
better economy, extension of speed and altitude
range.

One way to meet the requirements is to improve
cargo aircraft gas-turbine engine thrust-economical
characteristics. The purpose can be achieved by
losses decrease in the engine axial compressor flow
path, i.e. by increase of their efficiency. Low level of
losses allows for designing a high-performance
compact compressor having low specific weight and
moderate price. High efficiency of the compressor
ensures high engine parameters: low fuel
consumption and increase of the flight range which
is important for cargo aircraft.

Analysis of loss decrease ways

General loss of total pressure in the axial compressor
can be divided conditionally into profile and
secondary [1]. A level of both of them under design
conditions is approximately the same.

At present three main ways of loss decrease based
on the results of research of three-dimensional flow
structure near the blades tips are offered [2]. The
first way of the secondary loss decrease is the
selection of airfoil profile rational shape as well as
blade passages and airfoil cascade geometry which
ensure the minimal intensity of secondary flows.
The second way is using additional structural
elements in the blade passage, which hinders in the
development of intensive secondary flows. The third
mode consists of direct influence on spatial
boundary layer by suction or pressure charging.
Secondary loss decrease mode selection depends on
the type of airfoil cascade (active or reactive), its
operating and geometric parameters and design of
air-gas channel. It is obvious that none of the offered
ways can be considered universal. However the most
perspective is the first way oriented to the
application of rational airfoil shapes and blade
passages.

Decrease of axial compressor losses is a pretty old
problem as well as axial compressor itself. The
works by J.Gostelow [3], K.V. Holshchevnikov [4],
A.V. Bojko, J.N. Govorushchenko [5] and others
were devoted to this issue. Nevertheless, the
majority of specialists which work in the field of
perfection of axial compressor flow path were
engaged basically in airfoil losses. At the same time
compressor secondary losses have the same value, as
airfoil sometimes exceeding them. A great deal of
research concerns secondary losses level decrease in the
axial compressor. These are the followers of professor
JM. Tereshenko: V.M. Dyhanovskij, A.A. Arhipov,
S.D.Severin, M.V. Tapol.
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To improve aerodynamics of axial compressor flow
path it is not enough to decrease secondary losses
level, as the level of airfoil and total losses can
increase. Due to this it is necessary to create
a procedure of axial compressor stage optimization
with the criteria of total level of losses.

The existing axial compressor stage procedures
of optimization have certain shortcomings, namely:
— flow calculation of axial compressor transonic
stage is conducted on a fixed grid (the best results
are obtained with adaptive grid because it helps
to trace all peculiarities of transonic flow [6]);

— the blade height loss distribution, as well as
the blade height efficiency distribution are not taken
into account (blade cross-section efficiency and
efficiency of the whole blade can not coincide);

— blade strain due to gas and inertia forces during
engine operation in design mode is not taken
into account (blade geometrical shape of axial
compressor in quiescent state differs from the shape
of the same blades in design mode [7]).

Therefore there apparent a necessity of improvement of
optimization procedure for axial compressor stages by
the total energy losses in axial compressor flow path.
For optimization of axial compressor flow path of
the gas-turbine engine the procedure explained in [8]
was used.

The main problem in turbomachinery design is to
provide turbomachine high efficiency in the
operating mode. For optimization problem the next
main suppositions were assumed:

— the flow relative to the rotor, which rotates with a
steady angular rate or the flow relative to the inlet
guide vanes, is steady;

— the fluid is compressible, inviscid and non-heat-
conducting; the effect of viscosity forces is taken
into account in the form of heat recovery in energy-
conservation equation (i.e. friction losses are taken
into account energetically);

— mass flow rate of fluid through the compressor
stage is constant.

Optimization problem

Optimization problem consists in determining the inlet
and outlet flow angles a; , 3; that ensure the minimum of
compressor stage losses at the same pressure.

Losses in a compressor stage are used as efficiency
criteria.

These losses are function of thermo- and
gas-dynamic and geometric parameters of axial
compressor blade row gap.

Flow path for axial-flow compressor is divided into N
stream surfaces, air consumption doesn’t change along
each surface. The stage consists of inlet guide vanes,
rotor, guide vanes.

The flow path for axial-flow compressor is shown
on fig. 1.

Fig. 1. Flow path for compressor stage

The velocity diagrams for compressor stage (middle
section) are shown on fig. 2.
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Fig. 2. The velocity diagrams for compressor stage

The axial compressor gasdynamic optimisation
problem is solved for all stream surfaces
simultaneously.

Optimization parameters are inlet and outlet flow
angles a; , o, for each stream surface of flow path.
The objective functional can be written as follows:
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where A is penalty coefficient; A4,,4,,...,
4;,..., Ay, A, are limitations (energy conservation
equations are written for every blades row and for

compressor stage as a whole).
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Using the gasdynamic and kinematic equations
[2; 7] and T—s diagram of gas compression process
for the compressor stage (fig. 3) the objective
functional can be written in the form convenient for
optimization problem solving.
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Fig. 3. T—s diagram of gas compression process
for the compressor stage

The losses of flow kinetic energy in elementary
stage:
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Energy conservation equation for the inlet guide
vanes:
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Energy conservation equation for the second blade
ring (rotor):
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Energy conservation equation for the third blade ring
(guide vanes):
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Energy conservation equation for the elementary
stage:
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Nelder-Meed method explained in [9] was applied to
the solution of optimization problem.
For estimation of axial compressor stage geometric
shape influence on gas-turbine engine thrust —
economical characteristics with the explained
procedure the optimization of D-27 turbo-prop
engine compressor stage for cargo aircraft An-70

was carried out.
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The angles (o and o) in compressor blade row gaps  Conclusion
along the blade height / before optimization and The offered procedure allows for providing

after it are shown in fig. 4.
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Fig. 4. Fluid angles in blade row gap along the blade
height from hub to blade tips before optimization ()
and after optimization (A):

a — for angles a,; b — for angles a,

Operating mode parameters of D-27 engine were
used as design parameters.
Thrust-economical characteristics
shown for different altitudes in fig. 5.
Continuous line shows D-27 engine -calculated
characteristics before the optimization and dashed
line — after optimization for different altitudes.

As a result of thrust-economic characteristics
calculation for different gas-turbine engines with
axial compressors stages optimized with the
explained procedure, the improved thrust-economic
characteristics for a wide range of altitudes and
flying speeds have been obtained.

Optimization of  gas-turbine engine  axial
compressors with the procedure in the design stages
and operational development will enable to improve
of engine thrust-economic characteristics, and
consequently, to improve performance specification
of different purpose airplanes.

changes are

optimization of axial compressors for a wide class of
gasturbine engines.

The use of the procedure will allow to reduce the
specific equivalent fuel consumption by 1,8-2,3 %
in a wide range of altitudes and flying speeds for
cargo and commercial planes with turboprop
engines.

To improve the procedure it is expedient to research
a fragmentation of axial compressor flow path with
stream surfaces, for the purpose of determination of
the optimum fragmentation denseness and
estimation of the influence of fragmentation
denseness on the change of gas-turbine engine

optimized axial compressor stage geometric
parameters.
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Fig. 5. Thrust-economical characteristics changes:

a — dependence of specific equivalent power in different
modes of flight; b — dependence of equivalent fuel rate on
different modes of flight;

—— — before optimization; after optimization for altitude;
oo -H=0km; - -H=8km; A—-A -H=11km
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In further research it is expedient to carry out the
optimization of axial compressor flow path as a
whole, instead of its separate stages, and to examine
the character of a gas flow along the gas-turbine
engine compressor flow path.
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JLT. Bonssceka, ILIL. I'pexos, O.B. FOpuenko

BB mpocropoBoi  onTHMI3alii CTYNEHIB OCHOBOTO KOMIIpECOpa Ha TATOBO-€KOHOMIiYHI
ra3oTypOIHHOTO JBUTYHA TPAHCIIOPTHOTO JIiTaKa

BukiaeHo pe3ysibTaTd JOCHIPKEHHS 3MIHU TSATOBO-€KOHOMIYHUX XapaKTePUCTHK TypOOrBUHTOBOrO ABuryHa J[-27 y
pe3yNbTaTi MPOBEACHHS ONTHMI3allii MPOTOYHOI YACTHHH OCHOBOTO KOMITpecopa. 3aCTOCOBaHA METOIUKA ONTHMi3alii
BPaxOBY€ PI3HUIIIO MiX popMamMu POOOYHX JIONATOK, CTYIIEHEM OCHOBOTO KOMIIpecopa B CTaHi CIIOKOIO, P POOOTI Ha
PO3paxXyHKOBOMY PEXHMi Ta MEpepo3NOoMid BTPAaT KIHETHYHOI eHeprii 3a BHCOTOIO JomaTku. llapamerpm razoBoro
MIOTOKY B MIPOTOYHIN YaCTHHI CTYIEeHs 00YHCICHO 3a JOTOMOTOI0 pO3B’sI3aHHS IOBHOI cucTeMu piBHAHB Hap’e-CTokca.

XapaKTCPUCTUKU

JL.T. Bonsnckas, I1.U. I'pexos, O.B. KOpuenko

BinsHMe DPOCTPAaHCTBEHHOM  ONTHMMM3alUUM  CTYIEHEM  OCEBOIO
XapaKTEePUCTHUKHU ra30TypOMHHOIO IBUTATENsI TPAHCIIOPTHOTO caMoJieTa

W3znoxxeHs! pe3ynbTaThl HCCIEA0BAaHNN N3MEHEHHS TATOBO-CKOHOMHUYHBIX XapaKTEPHCTHK TypOOBHHTOBOTO JBHUTraTels
J-27 B pe3ynbTare MpOBEACHUS ONTUMH3ALMK MPOTOYHOI YaCTH OCEBOro Kommpeccopa. Mcnonb3oBaHHas METOAUKA
ONTHMU3AIMY YYUTBIBACT Pa3HUIY MEX1y popMaMM pabovnX JIONATOK, CTYHNEHBIO OCEBOI'0 KOMIIPECCOPa B COCTOSHUU
TIOKOs, TIpH paboTe Ha PaCUETHOM PEKMME U MepepacipeeleHUe 3aTpaT KHHETHIECKOH SHEPTHH 110 BBICOTE JIOTIATKH.
[TapaMeTpsl ra30BOro MOTOKAa B MPOTOYHOM YacTH CTYNEHH OIPEIENICHBI C MOMOILIBIO PEIICHHS MOJHOM CHCTEMBI
ypaBHeHmid HaBre-CToKkca.

KOMIIpeccopa Ha  TITOBO-€KOHOMHYHBIE



