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isentropic.
The efficiency of the entire ejector can be defined as the ratio of the energy used to the energy
spent on the ejection, i.e.
N = G;h u
ej ’
G, (H —h) IZ »

where H = p, — p, — pressure difference during ejection air leakage; h = p, — p, — the pressure

difference created by the jet device.

Pressure losses during energy conversion in various parts of the ejection device can be
characterized by the efficiency coefficients of these parts. Approximate values of these coefficients
(based on the experience of designing and operating steam jet ejectors of steam turbine power plants)

are within the range of: nozzle efficiency M, =0.95-0.97; efficiency of the entrance to the mixing

chamber 1, =0.80 - 0.92; efficiency of the mixing process 1, =0.95-0.97; diffuser efficiency

N, =0.70 - 0.85 [3].

The results of studies of steam jet ejectors of steam turbine power plants within # = 0.1 - 3.0 Ta
B=0-1 [3] indicate that the optimal values of the coefficient B depend on the values of the ejection
coefficient u . The less u , the lower it should be B. The graphs of the ejector efficiency values are quite
flat near the maximum, which allows to choose the optimal values for practical calculations B, close to
the absolute maximum, without using mathematical calculations of the ejector efficiency every time.

The developed method of calculating the gas turbine unit with ejection over-expansion of gas
in the turbine can be used for designing and researching the parameters of the gas turbine unit of this

type.
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AHoTanisAg. Po3riasHyTO BIUIMB NEpEepo3LIMPEHHS Ta3y B CHIIOBIM TypOiHI ra3oTypOiHHOTO
arperaty Ha Woro egeKTHBHICTh. JloCHiKEeHHS BHUKOHYBAJOCh Ha MPHUKIAMlI Ta30TypOIHHOTO
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arperary, sSIKMil BUKOPHUCTOBYE JJIsl €BaKyallii BUITyCKHHX Ta3iB B aTMoc(epy HOBITPSHOCTPYHHHIA
exekTop. Oxmepkani pe3yiabTaTH MOPIBHIOBATUCH 3 edekTuBHICTIO ['TA mpocTtoro mukiy, sika
pO3paxoByBasiach Ha aHAJIOTI4HI BXiJHI MapaMeTpH.

KirouoBi cjioBa: ra3oTypOiHHa yCTaHOBKA; MIOBITPSHOCTPYHHHM €KEKTOP; EPEPOIITHPEHHS
ra3y; 0coOJMBOCTI KOHCTPYKIIii; TEeIIonepenas.

BronuB mepeposiupeHHss razy B TypOiHHIM 4YacTHUHI Ta30TypOiHHOrO arperaTy Ha HOro
e(EeKTHBHICTh OCITIKYBaBCSI Ha MPUKIIAAlI Ta30TypOiHHOTO arperary, iKW BHKOPHCTOBYE IS
eBaKyallii BHIyCKHHUX Ta3iB B aTMocdepy NOBITpSHOCTpYHHHI exekTop. IlutaHHS po3poOku
KOHCTPYKIIii TAKOTO arperaTty po3riisiHyTi B poooTi [1].

Y pomi 06a30Boro ra3oTypOIHHOIO arperara BHMKOPHMCTOBYBalach KOHCTPYKIS 3
JBOKACKaTHUM Ta30T€HEpAaTOPOM Ta BITLHOIO CHIIOBOIO TypOiHoto [2]. ITepexbaganocs, mo BiaGip
TOBITPS Ha €XEKIIHHUN MPUCTPIN 3A1MCHIOETHCA 3 MPOMIXKHUX CTYTEHIB KOMIIPECOPHOT YaCTHHU
I'TA. IToBiTpsSHOCTPYHHHI €XKEKTOP KUIBIEBOI (JOPMH pO3TAIIOBAHUHN 0€3MOCEPETHBO 32 CHIIOBOIO
TypOiHOIO arperaTa micis CTIMKU 33HBOI OTIOPH.

TeroBi po3paxyHKH ra3oTypOIHHOTO arperara 3 eXEKUIHHHUM MepepOo3MINpEeHHsIM ra3y B
TypOiHI MPOBOAMIKCS BIAMOBIIHO IO PO3POOICHOI METOIWKH MPU JEAKUX 3MIHHHX MOYaTKOBUX
napameTpax. JlMcKkpeTHO BapitoBaiucs:

1) koedimienT exekmii # (mpuitmaemi 3HaueHHs — 0,3; 1,0 ta 3,0);

2) THCK 3a CUJIOBOIO TypOiHOIO P, — 2nubuna nepeposuiupenns (npuiiMaemi 3HadeHHs — 20,

40, 60, 80 ta 100 kITa).
Koxxnomy mnpuiiMaeMoMy 3Ha4eHHIO KOe(iliEHTa €XEKIi U BIATOBIAAIM MaKCHUMaJbHE

snauenHs KKJ[ exekropa 1M, Ta onTumainbHe 3HaueHHA KoediuieHta [, Aki oOMpamuch 3a

pexomeHaamismu [3].
Po3paxyHku oOMexyBaaucsi MiHIMaIbHUM 3HA4YEHHSM THCKY B KaMmepi 3MIIIaHHS

©XKEKI[IHHOTO MPUCTPOO Py =5«lla.
BianoBigHO 10 IbOT0 MiHIMAIBLHUN TUCK a3y HA BUXOJ1 3 CHJIOBOI TypOiHM CTaHOBUB:

— ns koedimienta exexuii #=0,3:  p, =17,7 klla;

— nns KoedimienTa exexuii ¥ = 1,0 : p:lm = 35,3 klla;

— ns koedimienTa exekuii #=3,0:  p," =48,6 klla.

BTpatu THCKY eXEeKIIIHOT0 MOBITPS Ha NUIAXY BiJ MICIS BIIOOPY Y KOMITPECOPI 10 €KEKTOpa
npuiiManuce piBHuMH 10 %.

[TapameTpu, 6e3mocepeIHbO HE TIOB'sI3aH1 3 pOOOTOI0 €KEKIIIHHOTO MPUCTPOIO, TPHUIUMATHCS
TaKUMHU K 5K 1 I ra30TypOIHHOTO arperara nmpocToro MUKy, PO3paxyHOK sIKOro OyJo 37iiicHeHO
3a3/1aJIeriab.

VY Bcix BapiaHTax pO3paxyHOK MPOBOJUBCS IJIsi OJHAKOBOI MOTYXKHOCTI ra30TypOiHHOTO
arperara Ha KJieMax reneparopa 25 MBT, onHakoBux nmo4atkoBoi remneparypu razy 1500 K ta mipu
HIJIBULICHHA THCKY y KoMmpecopi 7T, =22. Y poii naavBa BUKOPHCTOBYBAaBCs IPHUPOJIHMHI ra3 3

TErIOTBOpHOIO 31aTHICTIO 50 032 k/[x/KT.

3anexnicte KKJI razorypOiHHOTO arperara Ha KjieMax reHepaTopa BiJl THCKY 3a CHIIOBOIO
TypOiHOIO0, BU3HAYEHY 3a pe3y/bTaTaMM PO3paxyHKiB, HaBeeHO Ha puc. 1. Ha npomy x rpadiky s
MOPIBHSHHS TakoK BkazaHo 3HaueHHsa KK/] razotypOiHHOTO arperara mpocToro TepMOINHAMIYHOTO
LUKJIA.
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Puc. 1. 3anexnicts KKJ/[ razotyp0iHHOTO arperara Ha KjieMax T€HepaTopa BiJ TUCKY
3a CHIJIOBOIO TYpPOiHOIO

PesynbraTi po3paxyHKiB cBi4aTh Mpo Te, 1I0:

1) 3anexnicte KKJI rasotypbiHHOrO arperata Bif TJTHOWHHU TMEPEPO3MIHPEHHS I YCiX
o0paHuX 3HaueHb KoedilieHTa exXeKIil Mae onTUMYM. Lle MosICHIOEThCSI HEOHO3HAYHUM BILJTUBOM
exekuiHoro nepeposmupeHas Ha edektuBHicTs [ TA. 3 ogroro 6oky, KKJI 306inbmryeTsest yepes
301IbIIEHHS TepepoOroBaHOro B TypOiHI Terionepenany. 3 iHIIOro 00Ky, Ha poOOTy eXeKTopa
BiZIOMPAETHCS 3 MPOMIKHUX CTYTEHIB KOMIIPECOpa 3HauHa KUIBKICTh MOBITPS, HA CTUCHEHHS SIKOTO
Bke OyJia BUTpaueHa MOTYKHICTh TypOiHH, 110 Beae a0 3MeHmenns KK/,

2) Heopnosnaunicte BBy nepeposmmpenHs Ha KKJ[ razorypOinHoro arperara e
MPUYMHOIO TOTO, 110 MO3UTUBHUI Pe3yJbTaT Bl 3MiHM KOHCTPYKLIT 1OCATA€ThCS JIUILE MTPH THCKY
3a CHJIOBOIO TypOiHOI0, MeHIoMy Hixk 70 klla, Ta i TO He /U1 BCiX 3HaYCHb KOE(IIiEHTa eXKEKITIT U.

3) binpmn 3HaueHHS Koe(illieHTa eXeKIii u# NPU3BOAATH A0 OUIbIIOI e(eKTUBHOCTI
ra3oTypOiHHOTO arperara. e mosICHIOETHCSI MEHIIIOO 3aralibHOK0 KiJTBKICTIO TIOBITPS, BITOMPAEMOTO
BiJ KomIpecopa Ha exxekiiro. Hapite axmo KK/ exexTopa npu npoMy Oyze ripimum.

4) B nmocmimkyBaHOMy iHTepBaii mapamerpiB HaiOutpme 3nadenHs KKJI raszorypb6iHHOTO
arperata 3 nepepo3imupenssaM csrae 0,408. s nopiBHsAHHS edekTUBHICTH 6a30Boro I'TA mpocTtoro
UKy cTaHoBuTh 0,362.
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Influence of gas over-expansion in the turbine of a gas turbine unit on its efficiency

Patlaichuk V. M., Head of the Department of Turbines, Borschov O. M., student, group 6231m,
Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine

Abstract. The effect of gas over-expansion in the power turbine of the gas turbine unit on its
efficiency is considered. The research was carried out on the example of a gas turbine unit that uses
an air jet ejector to evacuate exhaust gases into the atmosphere. The obtained results were compared
with the efficiency of the simple cycle gas turbine unit, which was calculated for similar input
parameters.

Keywords: gas turbine unit; air-jet ejector; gas over-expansion; design features; heat drop.
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EFFICIENCY OF THE FLOATING ELECTRICITY POWER GENERATION WITH
DUAL FUEL LOW-SPEED ENGINES
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Abstract. The problem of the efficient electricity production increasing on the floating power plants
board is significant actual at present. Low-speed dual fuel engines usage for solving this problem is
reviewed. Floating power plants have some advantages: less building and tax cost, flexible,
decentralized power generation and mobility and do not require a large site. Until present, medium-
speed 4-stroke diesel engines are the main one on these floating power plants. Low fuel specific fuel
consumption, reliability, acceptable mass and dimensions allow to taken a leading positions on
floating power plants. But unfortunately, medium-speed engines power is not over 20,000 kW and
all known floating power plants include from 8 up to 20 of engines for reaching power of 300 MW
and more. It makes problems in designing and arrangement equipment in engine rooms, servicing
and increasing capital cost. Low-speed dual fuel engines of large power, high supercharging, and
low-grade heat recovery allow solve this problem. The technically and economically efficiency of
this facility is proved. The advantages of the proposed technical solutions are shown.

Keywords: low-speed engine, dual fuel, waste energy recovery, floating power plant.

1. Introduction. At present, energy management and scientists are forcing implementation of
the new ways for decreasing of electricity generation cost [1, 2, 3]. Achieving of this goal is possible,
due to decreasing electricity energy the cost and taxes due to high efficient engines usage and waste
energy recovery. Floating power plants on the base of medium-speed reciprocating engines [4 — 7]
are known. These power plants have certain benefits upon stationary located power generation plants.
Floating power stations can take advantage of minimal environmental impact and a small coastal land
area is required. The floating power plants require minimum investment risk due to the mobility and
adaptability.

The most spread are MAN M&W G and Wirtsild-Sulzer diesel and duel fuel engines. This
engine's efficiency is 0.175...0.190 kg/kWh and high enough. At present, energy market requires a
power range of 60 MW up to 400 MW. Its require 8...20 medium-speed engine's. Large quantity of
multi-cylinder engines creates certain problems in general arrangement and equipment's services. Fix
these disadvantages is possible due to using of more power and efficient engines. The efficient high
power low-speed engines have specific fuel consumption in a range of 0.156...0.160 kg/kWh. But,
unfortunately, waste heat energy is much significant. Their waste heat is not recovery efficient until
now and we cannot neglect these resources usage, especially of high fuel costs situation.
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