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ANALYSIS OF METHODS FOR INCREASING
THE EFFICIENCY OF GAS TURBINE UNIT OPERATION

Introduction

At present, gas turbine technology are widely
used both in our country and abroad as ground
power plants. Power plants are complex technical
objects that combine the latest achievements and the
latest developments in many branches of science and
technology, at the same time possessing high
efficiency and the required performance
characteristics for various consumers.

A promising direction in the development of the
energy sector is the wuse of energy-saving
technologies based on gas turbine plants (GTP),
which makes it possible to increase the efficiency of
using fossil fuel. In some cases, the operation of the
gas turbine plant is carried out at modes below the
optimum in terms of efficiency; therefore, economic
efficiency of the plant as a whole is a great
interesting. This determines a large number of
constantly implemented in practice, possible
schemes and ways to improve GTP based on gas
turbine engines.

To increase effective efficiency and work, it is
necessary to ensure the highest possible temperature
in front of the turbine. The high temperature in front
of the turbine, in addition to directly increasing the
cycle work, allows a higher pressure ratio to be
applied. This direction of improving the simple
cycle is limited by the technological capabilities
available at a given time.

The development of engines with complex
thermodynamic cycles is one of the promising
trends. At present, converted aircraft engines are

widely used all over the world, while it is possible to
use structural elements of basic gas turbine engines,
as well as to create new promising aircraft gas
turbine units and combined power plants for various
purposes. For ground-based gas turbines operating at
modes close to maximum, the most important
requirement is the minimum possible fuel
consumption, and the weight and dimensions of such
units are not so important. The complex GTU cycle
contains additional thermodynamic processes that
are not included in the simple cycle:

— reheating during expansion;

— intermediate cooling during compression,

— utilization of exhaust gas heat,

— humidification of cycle air, etc.

In order to select the more efficient
modifications, all these cycles must be compared
together using a full and accurate calculation.
Different modifications in the gas turbine engine
have to be quantified at different temperatures in
front of the turbine and compressor pressure ratio
within their practical ranges.

The aim of the work

The aim of this work is analysis of the ways to
increase the thermal efficiency of power gas turbine
plants by improving their thermal and technological
schemes, selection and optimization of the most
promising schemes.

Analysis of recent research and publications

Zysin V., Andryushchenko A., Tsanev S.,
Okhotin V. and others made a great contribution to
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the study of the efficiency of gas turbine plants and
ways to improve it, as well as the creation of
methods for calculating such plants.

The analysis of the current level of development
of gas turbine technologies is carried out in works
[1; 2]. It is shown that today, to create a highly
efficient and reliable gas turbine drive, it is advisable
to use a scheme with waste gas heat recovery. Such
scheme makes it possible to obtain high values of
efficiency at moderate values of pressure ratio in the
compressor and the gas temperature at the turbine
inlet. The prospect of this direction are confirmed by
the results of works [3; 4; 5]. Specific attention was
paid to improving efficiency of power gas turbine
units in works [6; 7; 8].

The search for directions for increasing the
efficiency of gas turbines is the main task of their
further development. In [9; 10], various methods,
parameters and goals of optimization of gas turbine
cycles are described.

Publications [11; 12] are devoted to the
theoretical optimization of complex thermodynamic
cycles of gas turbines according to new criteria and
for fairly wide parameters of the plant operation.
The author theoretically substantiated the efficiency
of using complex cycles of GTU with intermediate
cooling, heating and heat recovery of exhaust gases.

In all the works discussed above, the importance
of optimizing the GTU cycles was noted, since the
deviation of the main parameters of the cycles from
the optimal ones significantly affects the efficiency
of the cycle.

It is necessary to begin a wider implementation
of the development of promising gas turbine units of
a complex scheme: with heat recovery; with
intermediate air cooling in the compressor; with heat
recovery and intermediate air cooling in the
COMpressor.

Based on the foregoing, work on improving gas
turbine schemes and optimizing their parameters is
relevant.

Problem statement

The possibility of using classical methods for
increasing the efficiency of a stationary gas turbine
based on an aircraft engine of a simple scheme has
been investigated (Fig. 1).

Exhaust gas
Fuel

LPC |«

TAir

Fig. 1. A scheme of a gas turbine unit simple cycle

Generator
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Two schemes of complex cycles are considered.
The complication of the scheme occurred in two
stages: the use of two-stage compression with
intercooling (Fig. 2), the combined using of two-

stage  compression  with  intercooling  and
regeneration (Fig. 3).
Heat exchanger
Exhaust gas

Generator
Fig. 2. A scheme of a gas turbine unit with intercooling

Heat exchanger Exhaust gas

Air I
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Fig. 3. A scheme of a gas turbine unit
with intercooling and regeneration
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In this work, a comparative analysis of the
efficiency of simple and complex gas turbine cycles
was carried out. The criterion of optimality was the
effective efficiency of the gas turbine unit.

The T-s diagram of an actual thermodynamic
cycle carried out by the working fluid of the GTU is
shown in Fig. 4. A real gas turbine unit operates in
an irreversible cycle, in which all processes
occurring in the gas turbine unit are completely
irreversible and are accompanied by energy losses.
For such cycle, all parameters of the working fluid
are selected as the most economically advantageous.
In addition, the requirements for environmental
friendliness and reliability of the installation must be
ensured.

e
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Fig. 4. T-s diagram of an actual cycle
of gas turbine unit
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The main parameters of a gas turbine unit cycle
are the degree of heating of the working fluid in the
cycle

A=T./Ty
and the total pressure ratio

T = pi/Pr,
where 7. — the gas temperature in front of the
turbine; Ty — the temperature of the outside air

before entering into compressor, px — the pressure
behind the compressor, py — the pressure of the
outside air.

The selection and optimization of these basic
cycle parameters are the main part of the
thermodynamic calculation of a complex cycle gas
turbine unit. To select a method to increase the
efficiency of a gas turbine unit, a thermodynamic
analysis of the influence of the parameters of the
operating process of a gas turbine unit on the
efficiency and specific power was carried out. This
makes it possible to reasonably choose the optimal
combination of parameters, determine their
maximum value, and objectively compare various
thermal schemes according to their energy
parameters, which is a very urgent task.

Performance analysis of the cycles

The specific useful work of the theoretical cycle
is always greater than the actual useful work;
therefore, the effective efficiency of the engine n. is
less than the thermal efficiency of the cycle 1.

Ne= L/ql,
where L. is the effective work of the actual cycle;
q. is the specific heat supplied in the cycle.

The work of the actual cycle of the gas turbine is
defined as the difference between the actual work of
expansion in the turbine and compression in the
compressor [13]:

- k RT He—l(%An M, _1)’
k-1 n. e

where & — the adiabatic index for air; R — the gas
constant of air; 7, — outside air temperature; 7. and
1. coefficients of efficiency, taking into account
hydraulic losses in the processes of compression and
expansion, e = ntk — 1/k; T. — the gas temperature in
front of the turbine; A = T,/T,; m — coefficient
taking into account the difference in the physical
properties of air and combustion products

k
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where m; is the pressure ratio in the turbine
(mp = m); kg — gas adiabatic index; R, — gas
constant of combustion products.

The effective specific work of a simple cycle gas
turbine with a free turbine is equal to the work of a
free turbine L. = Ly [14]:

1
Le = cpg];c (1 __Jn_ﬁ ’
eﬁ

where T, is the gas temperature behind the
compressor turbine; cpg is specific heat of gas
(combustion products) at constant pressure; 1 is the
efficiency of a free turbine; e; = m; (k — 1)/k; my is
the pressure ratio in the free turbine.

Gas temperature behind the compressor turbine:

7;0 = T; (1 _Ljntc’
etc

where 1, — efficiency of compressor turbine; etc is
the pressure ratio of gas in the compressor turbine,

1

e—1

Ann,

Substituting the obtained expression for the

parameter Ttc into the formula for determining the
effective specific work, we write:

L=cr|1=¢=11-L ],
e Anc eﬂ

The resulting expression contains the ambient
temperature Ty, since A = T;/Ty,. Turning to the
relative dimensionless work of the cycle, it is
possible to exclude the influence of T, referring the
amount of work to the enthalpy of atmospheric air.

In dimensionless form, the actual work of the
cycle is:

e =

tc

1-—

L=L/(c,T,):

L=A et L Ny
An, e,

Specific heat input

e—1
s

where 1, is the fuel combustion efficiency, cpc is
the conditional specific heat of heat supply process
in the combustion chamber.

Relative heat input

q] ZQI/(ccpTH)'
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The effective efficiency of a simple cycle GTU
with a free turbine is written according to [15]:

e—1 e,
A(l An, ]( e )nﬁ
L
nC

The parameters of a gas turbine cycle with a free
turbine located on a separate shaft behind the gas
generator were analyzed. In the GTU scheme, the
turbine module includes a compressor turbine and an
uncooled power turbine. Since the power turbine is
uncooled, the temperature in front of the power
turbine should not exceed 1250 K, and the gas
temperature in front of the compressor turbine
should not exceed 1800 K.

In order to conduct a numerical study to optimize
the parameters of the gas turbine unit, the parameters
Al-336-1/2-10 were taken. The characteristics of
the GTU cycles were determined from the values of
n and 7. For the analysis of the cycles, the
following parameter values were chosen: m in the
range 10 —45; T = 1300 K.

Losses due to the irreversibility of compression
in the compressor and expansion in the turbine were
taken into account by the internal relative efficiency
of the compressor (m. = 0,85) and the turbine
(n,=0,9). Below are the results of the study.

The most important parameter that determines
the perfection of the cycle and the GTU as a whole
as a heat engine is the gas temperature in front of the
turbine. Fig. 5 shows the dependences of the
effective efficiency of the unit on the gas
temperature 7} and the pressure ratio 7. Increase the
pressure ratio increases the effective efficiency at a
given temperature 77, but increase the pressure ratio
at any given temperature 7 can reduce the overall
cycle efficiency.

7’?;%
40 /__d_.ﬁ —
5 2 —— e —
35 é;/ ——
30
]
10 20 25 30 35 40 y1o
—— 100K =——1200K 1300 K — 1373 K

Fig. 5. Influence of the gas temperature in front
of the turbine on the efficiency of the gas turbine

It can be seen from Fig. 5 that a high effective
efficiency (> 40 %) can be obtained in a gas turbine
engine of a simple scheme, and its further increase is
possible only at very high cycle parameters (n > 20
and 7> 1400 K).

Fig. 6 shows the combined effect of the pressure
ratio and temperature of the gas in front of the
turbine on the cycle work.
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Fig. 6. The influence of the pressure ratio and gas
temperature in front of the turbine on the cycle work

As can be observed from Fig. 5 and Fig. 6, the
increasing of temperature 77, the specific work of the
cycle increases and the effective efficiency
increases. For each temperature 7;, there is an
optimal value of the compressor pressure ratio
corresponding to the maximum specific work.
However, at the same temperature, the maximum
efficiency is achieved at a higher pressure ratio,
therefore the optimum pressure ratio in terms of
efficiency is significantly higher than the optimum
pressure ratio in terms of specific work: m,,, m. > 7,
L,. The deviation of the basic parameters from the
optimal ones significantly affects the cycle
efficiency. Therefore, important to optimize the
cycle in order to obtain maximum efficiency, and
therefore minimum fuel consumption. When
optimizing the main parameters, an intermediate
value of pressure ratio is selected, between the
optimal pressure ratio in terms of work and the
optimal pressure ratio in terms of efficiency.

An increase in w and A requires a greater increase
in the compressor power in comparison with an
increase in the effective work and effective
efficiency of the GTU as a whole. By increasing the
values of m and A (see Fig. 5, 6), we obtain a
significant increase in the energy efficiency of the
gas turbine, but at the same time the difference
(Topt e — Tope Le) also increases, and, accordingly, the
range of choice of cycle parameters m and A.

Fig. 7 shows the effect of pressure ratio and
temperature at the turbine inlet on the specific fuel
consumption.
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Fig. 7. Effect of pressure ratio and turbine inlet
temperature on specific fuel consumption
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The influence of the compressor pressure ratio on
the main characteristics of the turbine was evaluated.
Fig. 8 shows the dependence of the power of the
turbine and the temperature of the gases behind the
turbine on the compressor pressure ratio.
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Fig. 8. Influence of pressure ratio on the power of the
GTU and the gas temperature behind the gas turbine

It is noticed that the specific fuel consumption
decreases with an increase in turbine inlet
temperature and compressor pressure ratio in a lower
range of m to a certain value, and then sharply
increases at a lower temperature at the turbine inlet.
Based on this, the gas temperature in front of the
turbine in this study is 1300 K.

Fig. 9 shows the dependence of the parameters of
a gas turbine with a free turbine on the pressure ratio
at the maximum cycle temperature 77 = 1300K.

The analysis of the obtained dependencies
(Fig. 9) shows that the value of the optimal value of
pressure ratio in terms of effective efficiency is
greater than the optimal value of pressure ratio in
terms of specific effective work. Therefore, the
value of pressure ratio is chosen in the range of
values 7, L. + Ty, T, SO as to obtain work close to
maximum and possibly high effective efficiency.

Le N .

:

{+] 5 30
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Fig. 9. Dependence of the relative cycle work
and the effective efficiency on the pressure ratio

With an increase in the pressure ratio from the
optimal value for the effective cycle work (m = 15)
to the optimal value of the pressure ratio for the
effective efficiency (m = 40), the degree of relative
increase in the effective efficiency is 0,38 %, which
is less than the relative degree of decrease in the
cycle work, which is 0,58 %.

The gentle nature of the change in the efficiency
in the region of the maximum makes it possible to

reduce the calculated pressure ratio of air in the
compressor, which greatly facilitates the gas turbine
unit design.

Cycle with two-stage compression and
intercooling
Energy, economic and environmental

characteristics largely depend on the configuration
of the thermodynamic cycle and the organization of
its processes. The efficiency of a simple cycle GTU
can be increased by reducing the power consumed
by the compressor. This is possible if the
compression process is made in two stages with
intermediate air cooling during the compression
process.

The work required to run the compressor is
expressed as:

L =L,+L,,

— compression work of first and

cycle,inc

where L ,L,

second compressor Stages.
ﬂ
— 2k __
Lcycle,inc - ZCpT} Tcﬁ 1 nc .

The optimal value of the pressure ratio m,,, at
which the maximum specific power is reached at a
given degree of heating of the working fluid A (i.e.,
at a given initial temperature) can be determined
from the ratio [16]:

2k

3(k-1
Ty =A 1)

Specific work of a complex cycle gas turbine

Lot prli-_]
— W r =
k,—1% ";ol
<l
k-1
—LRTH[TC”‘ _1J
N (k-1)

The heat input into the cycle ¢y is

qlinc :Cpc(Tr _T;)/nf >

where T
k-1

2k —1

Ne

T,=T, 1+

Efficiency of a gas turbine unit with intercooling

Lcl Lc2
n-|
Lt ncl TICZ

qnnc

where L, — the useful work of the gas turbine, equal
to the difference between the work of the turbine and

neinc =

b
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the work of the compressors of the first and second
stages of compression; ¢, — the specific heat
consumption in the combustion chamber; 1, Nz —
coefficients of efficiency, taking into account
hydraulic losses in the compression processes in first
and second stage.

The results of the calculations are shown in
Fig. 10-13. Fig. 10 shows the changes in the relative
dimensionless work, effective cycle efficiency and
heat input with the pressure ratio increase. The value
of pressure ratio at which the maximum work
reached at a given degree of working fluid heating
(A =4,6) increases compared to the optimal pressure
ratio in the base cycle.

Le

1.6 | 1,55 156 1,57 156 1,55 |

1547 4 = 3 - a
Ne 1,438 i
% I s
w0 4 14 |2 | 392 _

30 - 10 | 3228 | kl/keg
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1
| |
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1 1100
10 15 20 25 30 35 40 T

Fig. 10. Thermal efficiency, power output and heat
supplied versus the pressure ratio
fe —
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Fig. 11. Dependence of relative work of a simple Brayton
cycle and a cycle with intercooling on the degree of
pressure increase for A = 4,6
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Fig. 12. Dependence of the efficiency of a simple
Brayton cycle and a cycle with intercooling
on the pressure ratio for A = 4,6.
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Fig. 13. Dependence of the supplied heat in a simple
Brayton cycle and a cycle with intermediate cooling
on the pressure ratio for A = 4,6

The dependences of the relative dimensionless
work of the cycle versus the pressure ratio for the
base cycle and the cycle with intercooling is shown
in Fig. 10.

The pressure ratio for maximum power is 35 in
the cycle with intercooling. The power output
increases by 27,5 % compared to power in the base
cycle.

The analysis showed that the using of two-stage
compression and intercooling results in:

— an increase in the specific power of the gas
turbine plant; with an increase in pressure ratio up to
n = 40, the increase in the specific power reaches
15-30 %;

— a decrease in the efficiency of the cycle from
0,5 to 1,9 %, depending on the pressure ratio; the
decrease in efficiency is associated with a decrease
in the temperature of the compressed air in front of
the combustion chamber;

— an increase in fuel consumption up to 19 %.

From the point of view of economy, the use of
intercooling in the scheme of a gas turbine plant is
ineffective.

GTU with intermediate air cooling and
regeneration of heat

The introduction of regeneration into the gas
turbine unit reduces the negative effect of air cooling
during the compression process since a significant
part of the additional heat can be transferred to the
air in the regenerator [17].

The possibility of increasing the efficiency of the
unit due to heat recovery is shown in Fig. 14, and the
change in efficiency depending on the degree of
regeneration is shown in Fig. 15 [18].

It can be seen that at a gas temperature of 1550 K
n=10 and the degree of regeneration 0,85 the
efficiency can reach 42,5%.
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Fig. 14. Effect of pressure ratio on thermal efficiency
for simple and regenerative cycle
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Fig. 15. Variation of thermal efficiency on pressure ratio
and regenerative effectiveness

It can be seen from Fig. 15 that with an increase
of pressure ratio m, the efficiency of the GTU with
heat recovery decreases, in contrast to the efficiency
of the GTU of a simple cycle. The optimal values of
the pressure ratio in the cycle with heat recovery of
exhaust gases are less than in the cycle without heat
recovery.

The higher the degree of regeneration Gieg, the
less gireg and the higher the efficiency of the cycle.
With an increase in the degree of heat regeneration
the pressure ratio optimal in terms of effective
efficiency decreases.

The efficiency of the engine itself decreases with
a pressure ratio decrease; the efficiency of
regeneration increases significantly. Thus, two
opposing factors affect the efficiency of the GTU
with heat recovery.

Therefore, for a gas turbine unit with heat
recovery, it is necessary to optimize the pressure
ratio T and the temperature of the gas 7;.[6].

The expressions for the operation of the turbine,
compressor and the entire gas turbine unit will
remain unchanged.

The use of regeneration increases the efficiency
of the cycle, since the regeneration does not change
the value of the specific work of the cycle, but

reduces the amount of heat input. Efficiency of the
plant with regeneration:

, {qj;(e—l)(ﬁh&“”“—lj/nc}
e
n:: — cycle -

qlr cpc (7; _TS)/nf

where T5 is the actual gas temperature downstream
of the regenerator:

Ts= T+ 0T — T).

b

The efficiency of the GTU with regeneration
depends on the compressor pressure ratio, the initial
cycle temperature, and the degree of regeneration
Ore- An increase in the degree of regeneration G,
increases the efficiency of the unit, but also the
specific surface area of the regenerator and,
consequently, its cost.

The use of a regenerator in a gas turbine unit with
intermediate air cooling provides a significant gain
in cycle efficiency.

As a result, the heat supplied to the cycle
decreases due to the influence of the regenerator and
changes little over a wide range of parameter
variation, and the useful work of the cycle increases
due to intermediate cooling (Fig. 16).

The increase in efficiency in a cycle with
intercooling and a regenerator is shown in Fig. 17.
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Fig. 16. Useful work of the cycle with air cooling and
regeneration of heat versus pressure ratio
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Fig. 17. Efficiency of the cycle versus pressure ratio

As follows from the Fig. 17, the efficiency
increment is 8...14 %, and the optimal value of =« is
shifted to the left, to the region of lower values,
which also simplifies the choice of parameters and
the design of the unit.
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Conclusions

The study of the effect of heat regeneration and
intermediate cooling of the working fluid on the
effective efficiency of the gas turbine unit was
carried out.

In a gas turbine plant of a simple scheme, a high
effective efficiency can be obtained and its further
increase is possible only at cycle parameters © > 20
and 7} >1400 K. With an increase in the pressure
ratio, the effective efficiency increases the more, the
higher the temperature 77. In this case, the value of
the optimal pressure ratio in terms of effective
efficiency is greater than the optimal pressure ratio
in terms of specific effective work. To obtain work
close to maximum and possibly high effective
efficiency, the pressure ratio is selected in the range
of values mopt L.+ m,,; T, closer to m,,; Le.

It is possible to increase the efficiency of a
simple cycle GTU by reducing the work of
compression of the working fluid, i.e. make the
compression process two—stage with intermediate air
cooling.

In a GTU with heat recovery, with a decrease in
n, the effective efficiency of the original engine
(without regeneration) decreases, and the efficiency
of the regeneration itself increases significantly.

Due to multistage compression with intercooling
and exhaust gas regeneration it is possible to achieve
high values of effective efficiency (n. = 49 %) at
pressure ratio m < 20 and maximum gas temperature
T. = 1300 K, such efficiency values for a GTU of a
simple scheme can be obtained only at high cycle
parameter ©t = 30-60 and 7} > 1400 K.

Optimal values of the pressure ratio in the
thermodynamic cycle of a gas turbine unit with two-
stage compression, intercooling, and heat recovery
are 2-3 times less than in a simple scheme engine.

Based on the performed computational analysis,
it has been established that the most preferable GTU
scheme is a scheme with two—stage compression,
intermediate cooling and heat recovery.
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Boasincska JL. I'., Ilikyas M. O., Otpomenko B. B.
AHAJII3 METOAIB MIABUINEHHS E®EKTHUBHOCTI
YCTAHOBKH

POBOTU TA30TYPBIHHOI

IlepcnekmusHUM HANPAMKOM PO3GUIMKY €HePemuKy € 3aCMOCYS8aHHs eHep2o30epiearouux MmexHonoziu Ha 6a3zi
2a30MypOIHHUX YCIMAHOBOK, WO 00380IAI0Mb iICMOMHO NIOSUWUMU eEeKMUBHICIb BUKOPUCIAHHS OP2AHIYHO20 NATIUGA.
OO0HuM 3 nepcnekmuHux cnocoobie NONINWEHHs. NATUBHOI eheKMUBHOCMI 2a30MYPOIHHUX YCMAHOBOK € 3ACTNOCYBAHHSL
CKAAOHUX MePMOOUHAMIYHUX YUKTI6. Y cmammi HagedeHo 00CNiONCeHH NiO8UEHH eKOHOMIYHOCMI 2a30MYpOIiHHUX
VCMAHOBOK WLIAXOM YOOCKOHALEHHS IX Meniogux i MexHOI02IYHUX CXeM.

Poszenanymo cxemu 3 npOMINCHUM O0XON00X4CEHHAM 6 Npoyeci CMUCKYBAHHA NOGIMps i 3 peceHepayicio menia
BUXTIONHUX 2a3i8. Y cmammi po3ensdaemuvcs 3a0avwa onmumizayii ma eubopy payioHanbHUX napamempis pooouozo
npoyecy eazomypbinnoi ycmanosxku. Komnnexcna onmumizayis napamempie mepmMoOUHAMIYHO20 YUKTY 2A30MYpOIHHOL
VCMAHOBKU, MAKUX 5K MeMnepamypa 2azy neped mypOiHoio, cmyniHb NiOGUWEHHS MUCKY 8 KOMRPecopi, a maKoic
napamempis, wo U3HAYAOMb PoOOUUL NPoYeC 00OAMKOBUX 8Y31i8 YCMAHOBKU SPAE BANCIUBY POLb OISl NIOGUUEHHS IT
egexmusHocmi.

Ax o06'ekm  Oocnidacennss Oyno obpamo eazomypoinnuu npusio AI-336—1/2—10, npusnauenuii 01 npusody
2a30NepexauysaIbHUX azpe2amie ma iHWux nPOMUCIO8UX YCmaHo8ok nomyxcuicmio 10 MBm.

Bubip napamempis pobouozo npoyecy, wo 3abe3neuyioms MAKCUMAIbHY ePekmueHicms, € OCHOBHUM 3A60AHHAM
npu NPOeKmy8anHi 08USYHI8 3i CKIAOHUMU YUKTAMIUL.

Haseoeno pesynemamu uucenvHoeo 00cniodceHHs 6NIUGY OCHOBHUX NApaAMempie pobouoeo npoyecy YCmaHO8KU Hd
epexkmugHicmb, NPOAHANIZ308AHO GNAUE CMYNEHs NIOBUWEHHA MUCKY [ MAKCUMANbHOI memnepamypu yukiy Ha
napamempu Yuxiy.

Ilposedeno nopieHAnHA 3HAYEHbL ONMUMANILHO20 CMYNeHs nioguweHHsa mucky ma egexmusnoco KK/ 3
ONMUMANLHUM CMYNEeHeM NIO8UWeHHA MUCKY 3d RUMOMOI0 e@heKmuHorw pobomoio OaA YUKIie npocmoi cxemu i
CKAAOHO20.

Toxazano, wo 3a paxynok 6a2amocmyniHuacmozo CMmucKy8aHHs 3 NPOMINCHUM OXOJOONCEHHAM I peceHepayicio
BUXTIONHUX 203I8 MOJICHA 00CA2MU BUCOKUX 3Ha4eHb epexmusnoco KKJI, sxi ons eazomyp6innoi ycmanoeku npocmoi
cxemu MOJACHA OMPUMAMU MINbKY NPU UCOKUX NAPAMEMPAX YUKTY.

KnrouoBi cnosa: rasosa Typ6iHa; nigBuweHHs edpeKTMBHOCTI; yTunisauis Tenna; pereHepauis; OXOrno[KeHHS NoBiTPS.

Volianska L., Pikul M., Otroshchenko V.
ANALYSIS OF METHODS FOR INCREASING THE EFFICIENCY OF GAS TURBINE UNIT
OPERATION

A promising direction in the development of the energy sector is the use of energy—saving technologies based on
gas turbine units, which can significantly increase the efficiency of fossil fuel use. One of the promising ways to improve
the fuel efficiency of gas turbine plants is the use of complex thermodynamic cycles. The article presents a study of
increasing the efficiency of gas turbine plants by improving their thermal and technological schemes. The schemes with
intermediate cooling in the process of air compression and with heat recovery of exhaust gases are considered. The
article discusses the problem of optimization and selection of rational parameters of the working process of a gas
turbine plant. Integrated optimization of the parameters of the thermodynamic cycle of a gas turbine unit, such as the
gas temperature in front of the turbine, compressor pressure ratio, as well as the parameters that determine the
working process of additional units of the plant, plays an important role in increasing its efficiency. The AI-336—1 / 2—
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10 gas turbine drive, designed to drive gas—pumping units and other industrial plants with a capacity of 10 MW, was
chosen as the object of the study.

Selecting workflow parameters that provide maximum efficiency is a major challenge in the design of complex
cycle motors.

The results of a numerical study of the influence of the main parameters of the operating process of the plant on the
efficiency are presented, the influence of pressure ratio and the maximum cycle temperature on the cycle parameters is
analyzed.

The comparison of the values of the optimal pressure ratio in terms of effective efficiency with the optimal pressure
ratio in terms of specific effective work for cycles of a simple scheme and a complex one.

It is shown that due to multistage compression with intercooling and exhaust gas regeneration, it is possible to
achieve high values of effective efficiency, which for a gas turbine plant of a simple scheme can be obtained only at
high cycle parameters.

Keywords: gas turbine; efficiency increase; heat utilization; regeneration; cooling of air.
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