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ANALYSIS OF THE EFFICIENCY OF APPLICATION HEAT-USED COOLING SYSTEMS
OF GAS TURBINE DRIVE AIR CYCLE

Introduction

Engine performance directly depends on the
temperature of supplied air. It has been established
that the efficiency decreases with increasing
temperature of air entering the compressor. During
operation, the air temperature can vary over a wide
range not only during the year, but also during the
day. As the ambient temperature increases, the
density of the air taken into the compressor
decreases and this causes an decrease in the air mass
flow rate of air through the compressor and thereby
the power of the gas turbine. Therefore, the
operation of gas turbine plant is carried out for the
most part in non-design modes. Due to global
warming (Fig. 1) [1], it is necessary to modernize
existing gas turbine plants.
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Fig. 1. Global temperature index change

The operation of a gas turbine drive at ambient
air temperature above 15 °C is accompanied by a

deviation of its operating parameters from the
nominal.

This is due to changes in the thermal parameters
of the atmosphere air (pressure, temperature, relative
humidity) at the compressor inlet.

According to [2], an increase in ambient air
temperature by 10 °C causes a decrease in power of
industrial gas turbine drives type FR-7 by
5...9 %.

Power of converted aircraft gas turbine drives
with an increase in temperature from 15 to
35 °C decreases by 20 % compared to its values at
temperature =15 °C.

The degree of ambient temperature influence on
the power of a gas turbine engine depends on the
type of an engine.

The author of [3] points that the decrease in
power with increasing ambient air temperature,
depending on the type of GTD, 0.5..1.2% of
nominal per degree of temperature increase, what
negatively affects the energy and economic
indicators of GTD.

In this regard, it seems appropriate during periods
of peak temperatures, cool the air before entering the
compressor, which would allow ensure the normal
performance of the compressor and exclude a
decrease in the power of the plant.

For this purpose, the calculation of air cooling
was performed with a decrease in air temperature
before the compressor by 10 °C, the effect of
cooling was analyzed in the temperature range of
1045 °C.
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In this article, it is studied influence of climatic
conditions on the efficiency of the gas turbine drive
Al-336-1/2-10 (Fig. 2).

Fig. 2. Gas turbine drive AI-336-1/2-10

One of the important conditions for the
implementation of a cooling system for many gas
turbines, including the AI-336 family, is the absence
of any structural changes in their flow path.
Therefore, in this work, we investigate the pre-
cooling system of cyclic air.

Crux of problem

The aim of the work is to evaluate the efficiency
of air cooling at the gas turbine inlet.

Analysis of recent research and publications

To maintain the rated power of a gas turbine at
high air temperature, it is necessary to cool the air
before the compressor. Different methods to cool
supplied air are exist.

The influence of the ambient air temperature on
the maximum power and energy efficiency of the
gas turbine plant is considered in [4]. The authors
carried out verification calculations for gas turbines
with known design characteristics at different
ambient temperatures. In works [5; 6], the issues of
outdoor air cooling at the inlet to the gas turbine
compressor were considered. Cooling systems based
on surface coolers with cold water [7; 8; 9], water
injection into air, absorption and vapor compression
refrigeration machines were studied. Obtained data
indicate an increase in power of the gas turbine by
10.6 % with a decrease in the outside air temperature
by 20 °C. Article [10] compares evaporative cooling,
vapor compression refrigeration and absorption
refrigeration. In these types of cooling electricity is
used, so the article provides an estimate of the
electricity consumption for these three types of
cooling. The author describes the effect of relative
humidity on the efficiency of evaporative cooling.
An increase in the productivity of gas turbine power
plants depending on the air temperature at the
compressor inlet is presented in [11; 12].

The work [13] investigated the technical and
economic feasibility of air cooling at the inlet to the
gas turbine compressor.
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Three cooling options were investigated: chillers,
air cooling by injection of water droplets, and the
use of evaporative cooling systems. The results
showed that chillers provide the best cooling. In
[14], the authors investigated a gas turbine power
plant, showing that its power can be increased by
11.3 % cooling the air at the compressor inlet.

The analysis of publications shows that the
currently existing options for air cooling at the inlet
to the gas turbine compressor do not fully solve the
problems of operation. Each method has its own
advantages and disadvantages. A large number of
methods proposed for cooling the air at the engine
inlet makes the task of forming criteria and
approaches for their selection. When choosing a
cooling method, it is necessary to take into account
the cost of equipment, climatic and technical
operating conditions. For the best air cooling and, as
a consequence, maximizing the capacity of the gas
turbine unit, it is preferable to use refrigeration units.
Cooling of air with the help of refrigeration
machines that use the heat of exhaust gases seems to
be very expedient. GTD of any circuit design has a
large waste energy potential, what can be utilized for
the production of cold using heat-using refrigerating
machines: absorption or steam jet. To cool the air at
the inlet of the compressor of the gas turbine drive
Al-336-1/2-10, we analyzed the possibility of using
a heat-using ejector refrigeration machine. To cool
the air at the gas turbine inlet, the exhaust gases of
the gas turbine are used to ensure the operation of
the steam generator of the steam jet refrigeration
machine.

In this paper, the use of a steam ejector

refrigerator is considered.

Gas Turbine Drive AI-336-2-10

Industrial gas turbine drive designed to drive gas
pumping units and other industrial installations with
a capacity of 10 MW. The AI-336-2-10 industrial
drive is based on the modules of the highly efficient
and reliable aircraft engines D-136, D-36, D-436T1
and the D-336 ground drive. Good performance
indicators of AI-336-2-10 are obtained due to the
high parameters of the cycle and the efficiency of its
units, as well as due to the environmental
friendliness, reliability and long service life of the
constituent modules.

Basic data of the D-336-2-10 gas turbine engine
(Fig. 3):

— drive type — turboshaft, three-shaft Rated
power — 10000 kW;

— fuel consumption — 2116 kg /h (Fuel:
gaseous (natural or oil gas));

— working fluid consumption
engine — 41.7 kg /s;

through the
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— effective efficiency — 34 %;

— low pressure rotors speed — 10,095 rpm;

— rotation frequency of high pressure rotors -
13,900 1/min;

The rotational speed of the power turbine rotors
is 6500 rpm.

These characteristics are used by power plant
developers when choosing a gas turbine drive.

Fig. 3. Schematic layout of the equipment of AI-336-2-10

However, these characteristics represent a
generalization of the results of GTU testing under
specific conditions and do not make it possible to
assess the parameters of the GTU working process
in the entire possible range of operating modes, the
magnitude and nature of their change under the
influence of factors arising during operation.

Steam ejector refrigerator model

The advantages of the steam ejection cooling
system are its simplicity, small volume, and the
absence of movable wear parts, reliable operation
and the possibility of using water vapor as a
refrigerant. In ejector chillers, there are no devices
operating under excessive pressure, and toxic,
explosive and fire hazardous working substances are
not used, which increases the safety of the machine
and make them ecologically clean.

At the same time, the use of steam ejector
refrigerator makes it possible to recycle heat of
exhaust gas, which leads to improve the economic
performance of the plant.

As it is shown in Fig. 4 this system includes
several components: a vapor generator (boiler), an
ejector, a condenser, an evaporator, a liquid pump
and an expansion valve (throttling device).

The refrigerant vapor (steam) with high
parameters is generated by the heat of exhaust gases
of a gas turbine drive. The steam leaves the
generator at state 1, motive enters the ejector and
expands through a nozzle inside the ejector.

High speed flow at low pressure is at the nozzle
exit and it causes the suction of the steam with lower
pressure (aspirated).

Heat transfer from
low-temperature source

{1

1
Generator
6
Liquid Heat transfer
pump to surroundings
5 1 T Ejector
« Condenser < I' ....... —
7""7_::?:
E:KP. Diffuser Mixing | nozzle
Vil chamber
8
Evaporator >
9

Heat absorption from
the refrigerated space

Fig. 4. A schematic diagram of an ejector
refrigeration cycle

Then two streams mix with each other in the
mixing chamber of the ejector. This mixed steam at
state 4 comes to the condenser.

The condesate at point 5 is divided into two
parts: one part enters the evaporator through an
expansion valve (point &) and the other part returns
to the steam generator through a liquid pump 6. The
water entering the steam generator is vaporised. The
low temperature steam in the evaporator produces a
cooling effect by absorbing heat from the ambient
air before its entering the compressor.

The changes occurring in the steam flow of the
ejector are shown in the 7-s diagram of Fig. 5.
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The operating of an ejector refrigeration system
is specified by the evaporator pressure p,; generator
pressure p,; the condenser pressure p.; the
expansion ratio p./p. and compression ratio p./p..
The thermodynamic properties at states for steam are
calculated from the saturation property.
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Fig. 5. T-s diagram of a refrigeration cycle

The performance of an ejector is measured by its
entrainment ratio w, the ratio of secondary stream mass
flow rate m. to the primary fluid mass flow rate m,:

e

w= >
mg
where m, — the mass flow rate of the evaporator;
mg — the mass flow rate of the boiler.

The arm of this study is to analyze condenser
pressure given the temperatures of the boiler and
evaporator.

The rate of heat transfer to the evaporator is:

0. = mo(ho— hy).
The rate of heat transfer from the condenser is:

0. =m4(h4_h5)'

The heat transfer rate of the exhaust gas boiler
(steam generator) is:

Qexh = Qe = m9 (h9 _hg)'
The mass flow rate of the steam is:
mg =Qg /(hl _hS)

In order to determine the magnitude of the
decrease in the air temperature at the compressor
inlet and, accordingly, the increase in the engine
efficiency, calculations were performed. It was taken
into account that the cooling capacity of an ejector
refrigeration machine, like any refrigeration
machine, depends on the amount of heat removed
from the exhaust gases.

Cooling the air at the compressor inlet leads to a
decrease in the temperature of the exhaust gases and,
accordingly, a reduction in the enthalpy change in
the ejector refrigeration machine, and then when
calculating the decrease in air temperature, it is
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necessary to take into account the mutual
dependence of temperatures. In this work, the
calculation was carried out for a constant
temperature of the exhaust gases.

It was studied dependence of given the
temperatures of the boiler and evaporator on the
condenser pressure, back pressure. Effect of
condenser pressure and evaporator temperature on
an entrainment ratio is given in Fig. 6.
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Fig. 6. Dependence of an entrainment ratio with
temperature increasing

Line 7 represents change of an entrainment ratio
depending on the condenser temperature 7, for
evaporator temperature 7,= 10 °C and the saturation
temperature in generator 7, = 120 °C.

Line 2 represents change of an entrainment ratio
depending on the condenser temperature 7. for
evaporator temperature 7, = 5 °C and the saturation
temperature in generator 7, = 120 °C.

Changing the parameters of high and low
pressures of the steam-ejector refrigerator allows to
adjust the degree of cooling for different loads.

For investigation, the following parameters were
taken: the wvaporator pressure p, = 871,8 Pa (the
corresponding saturation temperature 7, = 5 °C,
generator pressure p, = 198540 Pa, the
corresponding saturation temperature 7, = 120 °C.

The method of analysis

The analysis of air cooling at the inlet to the
compressor of the AI-336-1/2-10 GTU due to the
use of a heat-using ejector refrigeration machine
was carried out for the structural diagram of the
complex shown in Fig. 7.

Calculation was done according the method
discribed in [15].
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Fig. 7. Schematic diagram of air cooling
Compressor

The air temperature after compression in the
compressor is 7,

while the pressure and temperature at the
compressor inlet are equal
p=p;:h=1;

where 7, p, are the temperature and pressure of

the environment, (7, = 298,15K; p, = 1,013 bar),

k, is the adiabatic index of the air compression
process in the compressor.
Compressor drive power is defined as

W.=mgc,(T,-T,),

where m, is the mass air flow in the compressor;
¢,a — specific heat capacity of air,
(cpa = 1.004 kJ/kg K).

The combustion chamber

The flue gas flow rate is calculated as

m,=m,+m;,

where myis the mass fuel consumption.
The heat balance equation of the combustion
chamber is

mahZ +mef = mghS + Qcc s
where 7 is the enthalpy of the working substance.
Heat capacity is defined as

0.= meL (1 —ﬂm)) >
and the pressure at the outlet of the combustion
chamber is
Ps= p3(1 - Apcc)’
where (), is the net calorific value of natural gas;
M. — combustion chamber efficiency; Ap,.
pressure loss in the combustion chamber.
Turbine

The temperature of the working substance at the
outlet of the turbine is

k-l

kg
T,=T,{1-n, 1—[&j :
Dy

where k, is the adiabatic index of the expansion
process in the turbine.
The turbine power is determined by the equation:

W, =myc, (T,-T,)
and the useful output power of the turbine is
w.,.=W-Ww._.

net

Conclusion

For analyzing of the efficiency of application of
heat-using cooling systems calculations of power
and efficiency of GTE were carried out.

Calculation was done for gas turbine plant
operating at normal conditions, at elevated air
temperature with and without air cooling at the inlet,
graphs  characterizing the change in the
characteristics of the gas turbine unit depending on
the atmospheric temperature were plotted.

Fig. 7 shows the amplitude of the monthly
maximum temperature variation during the year in

the climatic region of Kherson.
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Fig. 7. Maximum temperature of the month, °C
(Kherson climate)

The degree of influence of ambient air
temperature on the efficiency of the gas turbine plant
is shown in Fig. 8.

The efficiency of GTD AI-336-2-10 decreases
with increasing temperature, and under standard
conditions is about 31 %.

To account for friction losses when the working
medium compressed in the compressor adiabatic
efficiency of the compressor adopted n, = 0.8; gas

turbine — m, = 0.88.

Analysis of climatic characteristics showed that
the use of air cooling is advisable from April to
October, when the average monthly maximum
temperature exceeds + 15 °C.

The decrease in the specific work of the GTD
with an increase in the outside air temperature is
shown in Fig. 9.
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Fig. 9. Dependence of power drop with
temperature increasing

The effect of cooling technology on the net
power capacity enhancement for the plant is shown
in Fig. 10, where the air is cooled through the steam
ejector refrigerator by 10 °C.

; /
/

20 25 30 35 a0 45 o

Fig. 10. Change of GTD cycle work depending
on the ambient temperature

As the ambient temperature rises, the cooling
effect increases.

In connection with the above, a detailed
development of a technical solution based on the use
of a steam ejector refrigerator, which reduces the
negative impact of high outdoor temperatures on the
energy and economic efficiency of the GTD is
promising.
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REFERENCES

1. Produced by NASA's Goddard Institute for
Space Studies. URL:
http://data.giss.nasa.gov/gistemp/graphs/Fig.A2.lrg.g
if. (access date 21.09.2020)

2. Bhargava R. Meher-Homji C. B. Parametric
analysis of existing gas turbines with inlet
evaporative and overspray fogging R. Bhargava.
Proceedings of ASME TURBO EXPO 2002. Paper
GT-2002-30560.

3. Paguenxko A. H. TepmoskoHOMUYECKU
MeToa  aHaimu3a A(PQPEKTUBHOCTH  OXJIAKICHUS
BO3/lyXa Ha BXOJle JBUTaTeNed TEIIOUCIONb3YIO-
IIUMU  XOJOAMJIBHBIMA MAIIUHAMU. X07100UlbHA
mexHixa ma mexuonozis. 2014, Ne 5(151). C. 30-36.

4. Ana Paula Santos, Claudia R. Andrade.
Analysis of Gas Turbine Performance with Inlet Air
Cooling Techniques Applied to Brazilian Sites. J.
Aerosp. Technol. Manag., Sdo José dos Campos.
2012. Vol.4, No 3, pp. 341-353.

5. Boonnasa S., Muangnapoh T., Namprakai P.
Performance improvement of the combined cycle
power plant by intake air cooling using an absor-
ption chiller. Energy. 2006. Vol. 31. Pp. 2036-2046.

6. Kamal N., Abdalla A., Zuhair A., Adam M.
Enhancing gas turbine output through inlet air cooling.
Sudan Engineering Society journal. 2006. Vol 52. Pp.
7-14.

7. Jaber Q.M., Jaber J.O., Khawaldah M.A.
Assessment of power augmentation from gas turbine
power plants using different inlet air cooling
systems. Jordan Journal of Mechanical and
Industrial Engineering. 2007. Vol 1. Pp. 07-15

8. Ameri M., Nabati H., Keshtgar A. Gas
turbine power augmentation using fog inlet cooling
system. Proceedings ESDAO4 7th Biennial Confe-
rence 0/1 Engineering Systems Design and Analysis.
Manchester, U.K. Paper ESDA 2004-58101.

9. Boonnasa S., Muangnapoh T., Namprakai P.
Performance improvement of the combined cycle
power plant by intake air cooling using an
absorption chiller. Energy. 2006. Vol 31. Pp. 2036—
2046.

10. Thamir K., Ibrahim M., Rahman M.,
Ahmed N. Improvement of gas turbine performance
based on inlet air cooling systems: a technical
review. International Journal of Physical Sciences.
2011. Vol. 6. Pp. 620-627.

11. Ondryas I. S., Wilson D. A., Kawamoto M.,
Haub G. L. options in gas turbine power
augmentation using inlet air chilling. Trans ASME of
Engineering for Gas Turbines and Power. 1991.
Vol. 113. Pp. 203-211.



HaykoemHi TexHororii Ne 4(48), 2020 551

12. Chiesa P. Receiving terminal associated with ~ Ameri M., Hejazi S.H. The study of capacity
gas cycle power plants. ASME 97-GT-441, 1997. enhancement of the chabahar gas turbine installation
13. Kamal N., Abdalla A., Zuhair A., Adam M. wusing an absorption chiller. Appl Thermal Eng.
Enhancing gas turbine output through inlet air 2004. Vol. 24. Pp. 59-68.
cooling. Sudan Engineering Society journal. 2006. 14. AnekcanapoB A. A. TepmoauHaMU4YecKue
Vol. 52. Pp. 7-14. OCHOBBI IMKJIOB TEIJIOHEPTreTUUECKUX YCTaHOBOK.
M.: M3BU, 2004. 159 c.

Boasineska JL. I'., Tumomyk O. M., Ilikyas M. O.
AHAJII3 E®EKTUBHOCTI 3ACTOCYBAHHS TEIVIOBUKOPUCTOBYIOUUX CHCTEM
OXOJIOIKEHHSA HUKJIOBOI'O HOBITPA I'TA

Bemanosneno, wo npu niosuwenni memnepamypu Ha 6xo0i 8 KOMIpecop 2a30mypOiHHO20 08U2yHA, eheKMUsHiCms
VCMAHOBKU 3HUNCYEMBbCA. Y cmammi HageOeHO OO0CNiONHCeHHA 6Ny KIIMAMUYHUX YMO8 HA epeKkmugnicmy
eazomypbinno2o npusody AIl-336-1/2-10, npusnauenoco 0si npusody 2a30Nepekayy8albHUX azspeeamié ma IHWUX
NPOMUCTIOBUX YcmaHo8ok nomyxcuicmio 10 MBm. 3anpononosarno memoo niosuwiennss KKJ{ ycmanoexu, 3acrnoganuii
HA 0XOJ00HCEHHT NOGIMPS HA 8X00i KoMNpecopd.

IIposedeno nopieusns PisHUX ICHYIOUUX MemOOi8 0X0I00NHCEHHS NOGImps HA 6X00i 8 Komnpecop. Taxa nonepeous
nid2omoeka Nnoeimpsi 003605€ YHUKHYMU 3HUNCEHHSI NOMYyxcHocmi 6 cnekomui nepioou. Iloxkazamo, wo 01a
HAUKpawoeo 0X0N00NCeHHsT NOGIMPSL I, K HACTIOOK, MAKCUMI3ayii NPOOYKMUGHOCME 2a30MYPOIHHOT YCMAHOBKU CJli0
NEPeBadNCHO BUKOPUCIOBYBAMU XONOOUNIbHI YCMAHOGKU. J{OYimbHUM NpeOCmasisiemvpCs O0XON00NCEHH NOGIMps 3d
00NOMO20H0 XONOOUNBHUX MAUUH, WO YIMUTLIZVIOMb menjiomy gionpayvosanux 2aszig. I'TY 0yov-axoi cxemomexwixu mae
GeUKULL NOMEHYIAN eHepaii, wo Modce OYmu GUKOPUCIAHO Ol BUPOOHUYMEA XON00Y 3 BUKOPUCIAHHAM MENT08UX
XONOOUNbHUX MAWUH: abcopoyitinux abo napocmpymunuux. s 0xoao0dcenHs nosimps Ha 6X00i 8 KOMNpecop
eazomypbinno2o npusody AI-336-1/2-10 byra npoananizo8ana MONCIUGICIb GUKOPUCMANHI MENI0BUKOPUCTOBYIOHOT
€XCEeKMOPHOU XON0OUNbHOI MAUWUHU, KA MAE MAKi nepesdazu AK NpoCmMomad, Maautl oocae i 8i0CymHICmb pyXomux
SHOULYBANbHUX Oemareli i MONCIUBICINIO BUKOPUCMAHHA 800AHOT nApU 8 AKOCMI Xoa000dzeHmy. 3 Memo 8U3HAYeHHs
BGENUMUHU 3HUINCEHHSI TMeMnepamypu nogimps. Ha 6x00i kKomnpecopa i 6i0nogiono 36invuenns KKJ[ osueyna, 0yiu
BUKOHAHI po3paxyHKu. Buxonano ananiz egpexmusnocmi I'TY 3anexcno 6i0 memnepamypu HABKOIUWHBLO2O NOBIMPA |
CmyneHsi  0XON00dCeHHs. — nosimpsi  neped  Komnpecopom.  OOIPYHMOBAHO — epeKmusHicmb — 3ACMOCY8AHHS
NAapoeNCeKMOPHO20 XOT0OUNLHOT YCMAHOBKU 01l 3HUINCEHHST meMnepamypu nogimps Ha 6xo0i 8 komnpecop. Ilokaszano,
WO O0XON0OMNCEHHS NOsimps Ha 6x00i 3anobicac 3uudicennto nomyowcnocmi I'TY [ 3abesneuye ymunizayilo menia
BIONPAYLOBAHUX 2A316, NPU3BOOUMb 00 NIOGUUEHHS eKOHOMIMHUX I eKOJNO2IYHUX NOKA3HUKIE YCMAHOBKU, 3a0e3neyye
CKOPOYEHHA 8UMpPAmMy nawued. Y 36'a3Ky 3 GUKIAOEHUM NepCHeKmusHe 0emanbHe Onpaylo8aHHs MexHiYHO20 pPilueHHs
HA OCHOGI BUKOPUCMAHHA NAPOEICEKMOPHOI XONOOUNbHOI MAWUHU, WO 3HUICYE HE2AMUBHUL 6NIUE BUCOKUX
memnepamyp 308HIUHbLO20 NOBIMPS HA eHepeemUYHy ma eKOHoMIuHY echpekmusenicmo I'TY.

Knio4oBi cnoBa: razosa Typ6iHa; NiaBULLEHHS €dhEKTUBHOCTI; yTUNI3aLis TEMNa; EXXEKTOP; OXONOMXKEHHS NOBITPS.

Volianska L., Tymoshchuk O., Pikul M.
ANALYSIS OF THE EFFICIENCY OF APPLICATION HEAT-USED COOLING SYSTEMS OF
GAS TURBINE DRIVE AIR CYCLE

It was found that with an increase in temperature at the inlet of the compressor of a gas turbine engine, the
efficiency of the installation decreases. The article presents a study of the influence of climatic conditions on the
efficiency of theAl-336-1/2-10 gas turbine drive intended for the drive of gas pumping units and other industrial
installations with a capacity of 10 MW. A method for increasing the efficiency of the installation based on air cooling at
the compressor inlet is proposed.

Comparison of various existing methods of air cooling at the compressor inlet is carried out. This air
preconditioning avoids power loss during hot periods. It is shown that for the best air cooling and, as a consequence,
maximizing the performance of a gas turbine unit, it is preferable to use refrigeration units. It seems expedient to cool
the air with the help of refrigerating machines that utilize the heat of the exhaust gases. GTU of any circuit design has a
high energy potential, what can be used for the production of cold using thermal refrigeration machines: absorption or
steam jet. To cool the air at the inlet to the compressor of the AI-336-1/2-10 gas turbine drive, the possibility of using a
heat-using ejector refrigeration machine was analyzed, which has such advantages as simplicity, small volume and the
absence of movable wear parts and the possibility of using water vapor as a refrigerant. In order to determine the
magnitude of the decrease in air temperature at the compressor inlet and, accordingly, the increase in the engine
efficiency, calculations were performed. The analysis of the efficiency of the gas turbine unit depending on the ambient
air temperature and the degree of air cooling in front of the compressor is carried out. The efficiency of the use of a
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steam jet refrigeration unit for reducing the air temperature at the compressor inlet has been substantiated. It is shown
that air cooling at the inlet prevents a decrease in the power of the GTU and ensures the utilization of waste gas heat,
leads to an increase in the economic and environmental performance of the installation, and ensures a reduction in fuel
consumption. In connection with the foregoing, a detailed study of a technical solution based on the use of a steam-jet
refrigeration machine is promising, what reduces the negative effect of high outside air temperatures on the energy and
economic efficiency of the gas turbine plant.

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

Bouasuckas JI. I'., Tumomyk O. M., llukyas M. A.
AHAJIU3 DPOOEKTUBHOCTHU MNPUMEHEHUSA TEIUVIOUCIIOJB3YIOIIUX CHUCTEM
OXUVIAXKJAEHUSA HUKJIOBOI'O BO3AYXA I'T/

Yemanoeneno, umo npu noevlienuu memnepamypbl HA 6X00€ 6 KOMHPeccop 2a30mypOunHo2o oeueamens,
aghpexmusHocmeb ycmanoeku chudcaemcs. B cmamve npusedeno uccnedosanue GnusHUA KIUMAMUYECKUX YCIOBULL HA
aghghexmusnocmo 2azomypounnozo npusooa AHU-336-1/2-10, npeonasznawenno2o 0as npueoda 2a3onepekavuéaroujux
azpez2amos U Opyeux NPOMbUULEHHbIX YCMaHo6ok mouwjpocmero 10 MBm. Ilpednosicen memoo nogviuenus KIIJ]
YCMAHOBKU, OCHOBAHHbIL HA OXAANCOCHUU 8030YXA HA 6X00€ KOMNPeccopd.

Iposedeno cpaghenue pasiuiuHbIX Cyuecmeylouux Memooos oxXaaxcoenus 6030yxa Ha 6xode ¢ komnpeccop. Takas
npeodsapumenvHas ROO20MOBKA 8030yXa NO3BOISEm U30eXHCAMb CHUNCCHUS MOWHOCIU 8 dcapKue nepuoosl. Ilokasano,
umo OJis HAUAYYULe20 OXJIANCOeHUs. 8030YXd U, KAK CAeOCmaue, MAKCUMU3AYUL NPOU3E0OUMETbHOCMU 2A30MYPOUHHOU
VCMAHOBKU — NPEONOYMUMENbHO — UCNONb306AMb  XON00UIbHbIe  ycmanoeku. [lenecoobpasuvim — npedcmagisemcs
oxXnaxNcoeHue 8030yxXa C NOMOWbIO XOAOOUNbHLIX MAWUH, VIMUIUSUPYIOWUX meniomy ompabomantnvlx 2a308. I'TY
000U CXeMOMeXHUKU uMeem O0IbUIOU NOMEHYUANL IHEP2UU, YO MOodcem Oblmb UCNONb308AHO OISl NPOU3EOOCMEA
X0100a C UCHONL30GAHUEM MENTIOBbIX XON0OUIbHbIX MAWUH. AOCOPOYUOHHBIX U NAPOCMPYUHbBIX. 151 OXAAAHCOeHUs:
6030yXa HA 6x00€ 6 Komnpeccop 2azomypounno2o npueooa AH-336-1/2-10 6vira npoananusuposana 603MONCHOCMb
UCNONB308AHUSL MENJOUCNOALIYIOWEU IHCEKMOPHOU XOIOOUTbHOU MAWUHBI, 001a0arowell maKumy npeumyuecmsamu
KaKk npocmoma, Mauviil 00veM U OMCYMCMEUe HOOBUICHBIX USHAUWUBAEMbIX Oemanell U B03MONCHOCIIbIO
UCNONB308AHUsL B00AHO20 napa 6 Kauecmee xaadazenma. C yenvio onpeoenenus 6eudUHbl CHUINCEHUS MeMNepamypol
6030yxa Ha 6xode Komnpeccopa u coomeemcmeenno npupawenus KIIJ[ Osucamens, ObLiu 6bINOIHEHbL paACUembl.
Boinonnen ananuz s¢ppexmusnocmu I'TY 6 3aeucumocmu om memnepamypvl OKpyjicarouje2o 6030yxXa u CHIENeHu
oxnaxcoenuss  8030yxa neped Komnpeccopom. Qbocrnosana IPEHeKMuUSHOCb  NPUMEHEHUS  NAPOIICEKMOPHOU
XONOOUTLHOU YCMAHOBKU OJIsl CHUIICEHUs] MeMnepamypul 6030yxXa Ha 6xode 8 komnpeccop. Ilokazano, umo oxiadcoenue
6030yxa Ha 6xode npedomepaujaem cHudicenue mownocmu I'TY u obecneuusaem ymunuzayuio menia ompabomanHsix
2a308, NPuUGOOUM K NOBbIUEHUIO IKOHOMUYECKUX U OIKOJIOSUYECKUX NoKazamenel YCMAaHOGKU, obecneuusaem
COKpawjenue pacxo0a monuued. B 613U ¢ U3N0JNCEHHbIM NEPCReKMUSHA O0emallbHAsi NPopabomKa MexHU4ecKko2o
PeuieHUsi Ha OCHOBE UCNONb306AHUSL NAPOINCEKMOPHOU XONOOUTbHOU MAWUHbL, CHUNCAIOWEN He2AmUSHOe GIUSHUE
BbICOKUX MEMNEPAMYP HAPYAHCHO20 B030YXA HA IHEPSEMUYECKYIO U IKOHOMUYECKVIO d¢hdhexmusnocmo ['TY.

KnioueBble crnoBa: rasoBasi TypouHa; noBbileHVWe 3MEKTUBHOCTY; YTUNM3aAUMA TENNa; KEKTOP; OXnaxaeHue
BO3ayXxa.
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