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BCTYN

LiboropiuHa koHdepeHLUist Mae 0cobsBe 3HAaUEHHS, afKe BOHa NPUCBAYEHa BU3HAYHIN nogii —
100-piuuto MalmHobyaiBHOro HaBYaNbHO-HAYKOBOrO IHCTUTYTY HaLioHanbHOro yHiBepcuTeTy Kopa-
6nebynyBaHHsA imeHi agmipana Makaposa. [1poTArom CToniTTA HaL iHCTUTYT He NKLLEe BUXOBYBAB HOBI
MOKOJIHHA IHXeHepiB, ane i CTaB 0CcepeiKOM HayKOBUX JOCSiAXeHb, IHHOBaLiN | 3HAYHVX BIAKPUTTIB,
30Kpema B ranysi ABuryHobyaysaHHs. Hawi HayKoBLi Ta BUNYCKHWKM PO6NATb BaroMuin BHECOK Y
PO3BUTOK CyUYaCHOI iHXEHEPHOI HayKW | TEXHONOT I, 3anu1LWayy NOMITHUIA chif y rnobanbHii Tex-
HiYHI CNiNbHOTI.

OcobnnBUM CMBONOM LIbOrOPiYHOI KOHbepeHLiT € Te, o opraHizaTtopu oTpumanu pisHo 100
Te3 gonosigeint. Lie 3HakoBa Lndpa, AKa BigoOpaxae BENNYHNI LWAAX IHCTUTYTY Ta 1Oro AOCATHEHHA.
Y KOXHil Te3i 3aKnaieHa YaCTHKa KONEKTBHOIO MparHeHHA [0 BUPILLEHHA akTyanbHUX Npobnem
ABUryHOOYYyBaHHSA, | KOXKHa 3 HUX € LernunHow y yHAameHTi MaibyTHbOrO L€l ranysi.

Pa3om i3 Tum, KoHpepeHLuia 2024 poky BifOyBa€ETbCA B HEMPOCTUI YaC BOEHHOTO CTaHy B YKpaiHi
— B YMOBAX, AKi BUMaratoTb Bif} yCiX HaC CTINKOCTi, My»HOCTi Ta Bipv B nepemory. [lonpw BCi TpyAHOLLj,
MW NPOJOBXYEMO MpaLoBaTy, JOCNIAXKYBaTW, CTBOPIOBATM iHHOBALi, 06'€AHYIOUN 3ycnna 3aana
PO3BUTKY HaYKM | TEXHONOTiN, AKI CNPUATUMYTb BifHOBNEHHIO HALLOT AepaBy B MiCIABOEHHWNI Ne-
piog.

LLnpo BAAYHI KOXHOMY 3 Bac 3a y4acTb, 3@ Ballli HOBAaTOPCbKi ifel, 3a Bipy B Te, O HaBiTb y Hal-
CKNafHiLi yacu HaykKa € TM CBITNIOM, fike Befie Hac ynepen. HactynHa koHbepeHLia Binbyaetbca y
2026 poui. CnogiBaeMocs, WO UA nodia NpOXOAUTMME Yy MUPHIN, BifIbHI | npousiTatouin YkpaiHi. 1o
HOBWX 3yCTpiyeli Ha WNAaxy Ao po36yA0BY HayKM Ta HALIOI CMifIbHOT MepemMoriu.

3 Halikpawyumu NO6GAXKAHHAMU,
op2aHizayitiHuli komimem KoHpepeHyii
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899X/233/1/012020.

6. MipowHunuerko [1. B. ‘TligBuweHHA eHeproedeKTUBHOCTI MHEBMOArperaTis, CTBOPIOBaHUX Ha OCHOBI BUXPOBUX PO3LLMPIOBASTBHIX
MaLUVH: fucepTalia ... KaHA. TeXH. HayK, cnew.: 05.05.17 - rigpaBniyHiMmalwmHy Ta rigponHesmoarperati / [l. B. MipoluHnYeHKo; HayK. Kep.
C. M. Banees., Cymn, 2019.

EKCNEPUMEHTANBHI AOCNIAXKEHHA EHEPTETUMHUX XAPAKTEPUCTUK MJTIA3SMOXIMIYHOIO
CTABUNI3ATOPA, MPU3HAYEHOIO ANA NIABULLEHHA CTINKOCTI NPOLIECIB B KAMEPI 3rOPAHHA I'TA

Kosnoscbkuii A. B.
KaH[. TeXH. HayK, AoLeHT Kabeapu Typ6iH
HauioHanbHuii yHiBepcuTeT KopabnebyayBaHHs iMeHi agmipana MakapoBa
M. Mukonais, YkpaiHa

OpHUM i3 nepcnekTUBHUX MeToAiB CTabinisauii npoLecis ropiHHA NanMBHO-NOBITPAHMX CyMilLel B Kamepax 3ropAHHA
I'T[ € 3acToCcyBaHHA Nna3mMoximiuHmx ctabinisatopis [1-3]. BuUkopucTaHHA NNa3MOTPOHIB Y AKOCTi reHepaTopa akKTUBHUX
YaCTUHOK, LLO MiABULLYIOTb CTIMKICTb rOPiHHA NanuBa B Kamepi 3ropAHHA [T, CTaBUTb NeBHi BUMOrK JO MacorabapuTHumX,
eKcnayaTauiiHUM Ta iHLWKMM XapaKTepUCTUKaM.

Br3HaueHo fjianasoH CTikoi poboTun NNasmMoTPOHY MNOCTINHOIO CTPYMY, MPU3HAaYeHOro Ana cTabinizauii nynbcalinHmx
npouecis y kamepax 3ropsaHHA 'T[. 30Ha cTilikoro ropiHHA fyryi NNa3mMoTPoHy 3abe3neuyeTbCa perynoBaHHAM U CTPYMY
Big 0,3 go 0,9 npw BTpaTax niasmoyTBOpIoYOro NosiTpa Ao 3,39 r/c. MNpw uboMy ANA 3A4iNCHEHHA NPoLeCy MOYaTKOBOroO
npo6oto 3a30py Ta 3anycKy NiasmMoOTPOHY Hamnpyra Ha enekTpoaax 36inbwysanaca o 1,5...2,5 kB.

BucHoBku. OTpUMaHO BOMbT-aMNepHY XapakTepUCTUKY Ma3MOBOro reHepaTopa AN Pi3HUX BUTPAT Na3MOyTBOPIOIOYOro
noBiTPA. Y BCbOMY Aiana3oHi peXXMMHUX NapaMeTpiB LA XapaKTePUCTMKA 3HAUYHO 3HVXKYETbCA.

Bu3HaueHo fiana3oH CTilikol poboTy Na3mMOTPOHY NOCTINHONO CTPYMY, MPU3HaYeHoro Ans ctabinisauii HectalioHapHMX
npovecis B Kamepi 3ropAHHA. 30Ha CTINKOro ropiHHA Ayrv 3abe3neyyeTbca perynioBaHHAM cunv ctpymy Bif 0,3 o 0,9 A npu
BUTpaTax niasmoyTBOPIOKYOro nosiTpa fo 3,39 r/c.

3anponoHOBaHO NoAanblue BCTaHOBAEHHSA B LIEHTPaNbHMUI KaHan BHYTPILLIHbOrO 3aBMXpPoBaYa NasbHUKOBOrO NPUCTPOLO
Kamepu 3ropsaHHA Nna3moximiyHoro ctabinizatopy, 3 METOI 3HVXKEHHA MyNbcaLill TUCKY B 30Hi OCHOBHOTO FOPiHHA 11 Npo-
MOTYIOHOTrO BNAUBY Ha MPOLIECU NOLUNMPEHHA NONYM'A.

Jlitepatypa:
1. Serbin, S. 1., Kozlovskyi, A. V., & Burunsuz, K. S. (2016). Investigations of nonstationary processes in low emissive gas turbine combustor
with plasma assistance. IEEE Transactions on Plasma Science, 44(12), 2960-2964.
2. Cep6iH, C.I. MigBuULIEHHA CTINKOCTI HU3bKOEMICIHOT Kamepy 3ropsiHHSA ra3oTypb6iHHOro auryHa / C.l. Cep6iH, A.B. KoznoBcbkuii //
36ipHKK HayKkoBMX npaub HYK imeHi agmipana MakapoBsa. — Mukonais, 2021. — N4 (487). - C. 7-13.
3. Serbin, S., Kozlovskyi, A., & Burunsuz, K. (2021). Influence of plasma-chemical products on process stability in a low-emission gas
turbine combustion chamber. International Journal of Turbo & Jet-Engines, pp. 000010151520200046. https://doi.org/10.1515/tjj-2020-0046
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Implementing advanced complex cycles in gas turbine plants (GTP) shows significant promise for improving operational
characteristics, increasing power output, and enhancing fuel efficiency.

A particularly effective method for improving gas turbine energy efficiency involves cooling the cyclic air through water
injection [1]. This process introduces dispersed water droplets along the gas turbine pathway from the compressor inlet to
the combustor inlet. The evaporating water droplets absorb heat from the airflow, providing effective cooling. Various water
and steam injection technologies have demonstrated multiple benefits, including increased specific power, reduced fuel
consumption, and improved economic viability of gas turbine operations.
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Furthermore, implementing energy-saving technologies that utilize low-grade heat from secondary energy resources
and mitigate the adverse effects of ambient temperature represents a practical approach to enhancing GTP efficiency. These
technologies can significantly improve gas turbine plants’ fuel and energy performance.

Leading manufacturers such as Rolls-Royce, General Electric (GE), Hitachi Ltd., Kawasaki Heavy Industries, and “Zarya-
Mashproekt” have successfully applied water (vapor) injection technologies in the manufacture or modernization of GTP [2,
3]. Their success underscores the effectiveness of these technologies in enhancing GTP efficiency.

Technologies with water (vapor) injection along the GTP path have been used to solve several technological problems,
such as increasing economic fuel and energy efficiency and reducing environmental pollution by harmful emissions.

In evaluating scheme solutions to enhance GTP efficiency, several well-known classical GTP schemes were examined:
a simple cycle (Fig. 1, a), a cycle with intercooling between compressors using a surface cooler (Fig. 1, b), a cycle featuring a
contact air cooler between compressor stages (Fig. 1, ), a cycle that incorporates exhaust gas heat recovery (Fig. 1, d), and
a cycle with a contact air cooler positioned before the combustor (Fig. 1, e).

Fuel
Air T T2 T3 T4 T5 TG Exhaus;
inlet] ! CC T7 gases
G

Fig. 1 Schemes of the gas turbine plant: a simple cycle (a); with intercooling by using a surface air cooler (b); with intercooling by using a contact air
cooler between the compressor’s stages (c); with exhaust gases heat recovery (d); with intercooling by using the contact air cooler and with exhaust
gases heat recovery (e)
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An alternative method of water injection into the airflow of the gas turbine plant is jet technology [4]. A jet apparatus
is a device in which the injection process is carried out, which consists of transferring the kinetic energy of one of the flows
to the other by direct contact (mixing).

It is advisable to install the thermopressor between the compressors of the gas turbine plant (Fig. 2, a) instead of the
surface or contact air cooler, as well as in front of the combustor in the gas turbine cycle with heat recovery (Fig. 2, b).

A computational model developed by authors for the thermopressor application in gas-turbine cycles is used in the
study, which takes into account the peculiarities of the calculation of gas-turbine cycles and schemes, the features of
thermogasdynamic compression in gases and the calculation of heat-humidity processes of air during contact heat exchange.

T Exhaust

@) (b)

Fig. 2. Schemes of the gas turbine plant by using the thermopressor: with intercooling (a) and with exhaust gases heat recovery (b)

The most effective schemes are shown in (Fig. 1, e), (Fig. 2, a), (Fig. 2, b) in which contact cooling is applied (between
the steps of the compressors and before the combustor in the regenerative cycle). Intercooling and simultaneous pressure
increase allow, at the constant power Ne of the gas turbine plant, to reduce the power of low and high-pressure compressors
as compared to cycles with contact cooling by 3.0...22.2 %.

The increase in the amount of working fluid allows for reducing the power of the low- and high-pressure turbines by
6.7...17.0 %. Such a redistribution of turbine power makes it possible to increase the power of the power turbine compared
to cycles with contact cooling 1.6...14.3 %.

Thus, the efficiency of cycles with the thermopressor used has been obtained: cycle with intercooling - 38.6...46.9 %
(at 0.7...1.4% more than the contact cooling cycle); cycle with heat recovery - 51.3...55.2 % (at 1.3...5.4% more than the
contact cooling cycle), the specific power has been determined: cycle with intercooling — 430-440 kW/(kg/s); cycle with heat
recovery — 435...470 kW/(kg/s), the specific fuel consumption: cycle with intercooling - 178...218 g/(kW-h); cycle with heat
recovery - 155...165 g/(kW-h).

Conclusion. The use of the thermopressor in the air intercooling system enables the evaporation of water droplets
during compression in a high-pressure compressor, consequently approaching the process to isothermal conditions with
minimal compression work. Therefore, the application of the thermopressor can be an alternative to traditional air-cooling
methods, and leads to a reduction in work, and consequently, the power of the compressor by approximately 10 %, while
simultaneously increasing the amount of working fluid in the cycle. This enhancement contributes to improved gas turbine
efficiency.

References:
1. Ritchey, |, Fisher, E. H., Agnew, G. D. Water spray cooling of gas turbine cycles. Proceedings of the Institution of Mechanical Engineers,
Part A: Journal of Power and Energy, 214(3), 203-211, 2000. DOI: 10.1243/0957650001538308.
2. Jonsson, M., Yan, J. Humidified gas turbines - a review of proposed and implemented cycles. Energy 30, 1013-1078, 2005.
3. Konovalov, D., Kobalava, H., Radchenko, M., Gorbov, V., Kalinichenko, I. Development of the Gas-Dynamic Cooling System for
Gas Turbine Over-Expansion Circuit. Advances in Design, Simulation and Manufacturing V. DSMIE 2022. Lecture Notes in Mechanical
Engineering. Springer, Cham, 2022. https://doi.org/10.1007/978-3-031-06044-1_24.
4. Kobalava, H., Konovalov, D., Kalinichenko, 1., Pyrysunko, M. Study of Thermophysical Processes in the Thermopressor for Contact
Cooling Systems. Advances in Design, Simulation and Manufacturing VII. DSMIE 2024. Lecture Notes in Mechanical Engineering. Springer,
Cham, 2024. DOI: 10.1007/978-3-031-63720-9_21.
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JNlaBpeHnueHko I. K., Cnuubko O.T., bonuyk A. C., Kosnoscbkuin C. B. TA3OTYPBIHHA YCTAHOBKA 3
I30XOPHWM MPOLIECOM MIABEAEHHA TEMIOTA
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