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Annomauua. B Hacrosiiee BpeMs BOMNPOCY pPalMOHAIBHON YTWIM3AIUMU TOMYTHOIO
He(TSIHOTO Ta3a yaejaeHO MHOro BHHMaHug. OXHUM W3 PEIICHWH JaHHOTO BOIMpoca
SIBJISIETCS afanTallyds ra30TypOMHHOTO JBUTATENsl K paboTe Ha ra3ax pa3jIMYHOro COCTaRBa.
B nannoii ctatee npuBoautcs cxema asurarens HK-16CT ¢ renepaTtopom aj1s BeIpaOOTKH
BJICKTPUYECKON 3HEpruu. [l aHanm3a NPUHAT YCIOBHBIA COCTAB HECKOJBKHX Ta30B WU
BBIIIOJIHEH pacyeT MOIIHOCTH JBuratess. IIpou3BeseHa OllEHKa TOTrO, Ha CKOJBKO
TpeOyeTCs YBEIMUUTh OTKPBITHE J03aTOpa Ta3a Mo CPaAaBHEHHUIO C OTKPHITHEM J103aTOpa BO
BpeMs pabOThI ABUTATENA HA MIPUPOJAHOM raze. Takke Mpou3Be/ieH pacueT He0OX0AMMOT0

JaBJICHU I'a3a Ha BXOJAE€ B ABUT'aTCIIb AJIA oOecrieueHus pacchTaHHoﬁ MOIIIHOCTH.
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Abstract. Solving the problem of environmental pollution is one of the most important tasks
of mankind. The term "environment"” usually refers to the natural environment surrounding
humans. The results of studies by environmental scientists indicate that industrial waste has
recently polluted such resources as air, water and soil. The main danger is atmospheric
pollution. Polluted air has a harmful effect on humans, plants, animals, buildings and
equipment. In this regard, the issue of rational utilization of associated petroleum gas has
received much attention. One of the solutions to this issue is to adapt a gas turbine engine
to run on gases of various compositions different from the composition of natural gas. This

article provides a diagram of the NK-16ST engine with a generator for generating electric
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current. A description of the features of the fuel system and metering device is provided. To
assess the interchangeability of combustible gases (in this case, natural gas and associated
petroleum gas) when burning in burner devices of combustion chambers without changing
them, the higher or lower volumetric Wobbe number is used. However, this is not enough
and in addition to the Wobbe index, it is necessary to evaluate the possibility of the fuel
system, gas metering device and evaluate the engine parameters.

This paper presents the calculation of the Wobbe index for the gas composition under
consideration. For the analysis, the conditional composition of several gases was adopted
and the engine power was calculated.

The need to modify the fuel control equipment is determined by changing the opening of
the gas metering device when the engine is running in a constant mode with fuel gas of
different compositions. An assessment was made of how much the opening of the gas
metering device needs to be increased compared to the opening of the metering device when
the engine is running on natural gas. The required gas pressure at the engine inlet was also
calculated to ensure the calculated power. The results of calculating the calorific value and
consumption of associated gas used as fuel for the NK-16ST engine showed that in order to
ensure the declared power of N=16.4 MW, it is necessary to increase the consumption of
associated gas by 12...14% relative to the consumption of natural gas, which conditionally
corresponds to a decrease in efficiency from n*=29% to n*=26.5%.

Keywords: gas turbine engine, combustion chamber, petroleum gas, power, fuel system
For citation: Baklanov A.V. Calculation of engine parameters and required consumption of
associated gas when using it as fuel. Trudy MAI. 2025. No. 142. (In Russ.). URL:

https://trudymai.ru/eng/published.php?1D=185104



https://trudymai.ru/eng/published.php?ID=185104

Beenenue

Pemenue npo6sieMbl 3arpsi3HEHUsT OKPYKAIOIIEH cpebl — OHA U3 BaXKHEMIINX 33724
yesioBeyecTBa. [lo TepMUHOM «OKpyXaromas cpefa» OObIYHO MOHUMAETCS MPUPOJHAs
cpena, okpyxarwmias uyenoBeka. Ocoboe wmecto 3aHuMaer Ouochepa — o00iacTb
pacnpocTpaHEeHHs KU3HU Ha 3emiie, @ MMEHHO BEPXHsS 4acTh 36MHOM KOpbI, BOJOEMOB U
HUKHSS 9acTh atMoc(epbl. Pe3ynbTaThl ucciae10BaHUi, yUEHbBIX- 9KOJIOTOB TOBOPAT, YTO
OTXOJIaMHM TPOMBIIIVICHHOCTH B TOCJEIHEE BpEMsl 3arpsi3HAIOTCS TaKHMe PECypechl Kak
BO31yX, BOJa M MOYBa. [J1aBHYIO OMACHOCTh MPEACTABISET 3arpsi3HEHHE aTMOCQEpHI.
3arps3HEHHbBI BO3JyX OKa3bIBAET BPEAHOE BIUSHUE Ha YEJIOBEKA, PACTEHHUS, )KMBOTHBIX,
3/1aHus, 000PYyI0BaHUE.

Bo Bpems ocymiecTBieHuss HepTenoOBIYM MOXKET OOpPa30BBIBATHCS TMOIYTHBIM
HedTaHo# ra3. [loaromy MHOTHE HedTeaOObIBatOINE (PUPMBI C IIENIbIO YTHIIM3AIUU STOTO
ra3a MpUMEHSIOT €ro Kak TOTUIMBO JIJIs Ta30MPUBOIHOTO 000PYI0BaHMUs, KOTOPOE TPUBOJAUT
B JIBIDKEHHE 3JICKTPOTeHEpaTop M BbIpabaThiBaeT anekTpodnepruio [1,2]. Cxema Takoro

ra3onpuBOJIHOIO O60py,Z[0BaHI/I5I, KOTOPOC pCaIn3yCT 3TOT IIPOLCCC, IIOKAa3aHa Ha pPICl

T'enepatop

TpaHcMHCCHA
TIpuBomuoi I'T/{

Puc. 1. Cxema 3HepreTHuecKoi yCTaHOBKHU



[IpuBonnbie I'T/l, ucnonbs3yempie B MOAOOHBIX YCTAaHOBKAaX, MpEIHAa3HAYEHbI IS
paboThl HAa MPUPOJHOM Trasze, MO3TOMY IPU M3MEHEHHHM COCTaBa Tra3a Ha IOMYyTHBIN
He(PTAHON, HEOOXOAMMO OIEHUTh BO3MOXKHOCTH PaOOThl KaMepbl CrOpaHUsi Ha HOBOM
Torinse [3,4].

OcHOBHas 4aCcTh
JIJisi OLIEeHKHM BO3MOKHOCTH 3aMEHBI OJIHUX TOPIOYMX Ta30B Ha Jpyrue (B JaHHOM
clly4ae MPUPOAHOTO ra3a Ha MOMYTHBIM HEPTSHOW Ta3) MpHU CHKUTAHUM B TOPEIOYHBIX
yctpoiictBax kamep cropanust ['TJ[, 0e3 m3MeHeHUS UX KOHCTPYKIMHU, HCIOJb3yeTCs

Beiciiee (Wy) unu Husmiee (W,) uucino Bo66e [5], koTopbie BEIYUCTSAIOT M0 popMyie:

W=7 @

EZPF ' (2)

p., p,— TUIOTHOCTh Ta3000pa3HOT0 TOIJIMBA M BO3AyXa MPU CTaHAAPTHBIX aTMOCQEPHBIX
yenosusx (t = 20°C, p = 101.3 xIla), xr/m3,

Onnako, Kpome ompezencHus ncia Boo6e, HeoOX0IMMO OIICHUBATh BO3MOXKHOCTH
paboThl TOIJIMBHOW CHUCTEMBI, J03aTOpa Tra3a W ONPEACIUTh MapaMeTphbl JIBUTATENS B
KOTOPOM HCTOJIB3YeTCs Ipyrou ras [6].

B mnactosimieit pabore nns asuratenss HK-16CT, koTopblid CIy>KUT TPUBOAOM
AJIEKTPOTeHEepaTOpa Ha BJIEKTPOCTAHLMH, PACCMOTPEHA BO3MOXKHOCTb HUCIIOJIB30BAHUSI B

Ka4eCTBE TOTUIMBHOTO T'a3a MOMyTHOT0 HETIHOTO rasa [7].



B oTiinuyuum oT NpUpOAHOro B KOTOPOM COJIepKaHHE METaHa cocTaBisieT 6osiee 98%,

paCCMOTpCHHBIfI HOHyTHBIﬁ ra3 OTJIIM4YacTCsA MMOBBIIICHHBIM COACPIKAHNEM a30Ta U BBICHIUX

110 OTHOUIIEHUIO K METaHy yriaepoaos [8].

KoMmoHeHTHBIN cocTaB, HU3IIAsg TEIJIOTa CropaHus M OOBEMHBIM pacxol rasa

npuBeAeHbI B Tabnuie 1.

Tabauya 1.CoctaB mOMYTHOTO Ta3a

Ne | O100 | KoMmoHEHTHBIH COCTAB (M,\7 ), r/Monb; | OObEMHEI Husmras
n/ p % 06BbeMa i pacxoj | TeTIOTBOpHA
N | 3TaH | Azor | Mera | DOrtan | [Iponan | [Ipoun Qs ¢!
a, N, H C,Hs CsHs e MITH.M°/TO | CIIOCOOHOCT
% CH, - hi§ b ipu 20°C
28,02 | 16,04 | 30,07 | 44,09 - Huv,
KKaJ/M>
1 73 9,54 | 85,41 | 4,03 0,64 0,38 756,9 7820
2 80 | 8,19 (88,41 | 2,76 0,50 0,22 901,3 7602
3 90 7,42 189,89 | 2,09 0,40 0,20 1010,1 7607
4 95 7,31 90,24 | 1,84 0,41 0,20 1001,8 7600

CornacHo TepMmoauHamuueckoro pacuety asurarens HK-16CT nHa pexume,
COOTBETCTBYIOILIIEM MOIIHOCTH Ha Baiy cuiioBoi TypOouHs! Nyp,=16,4 MBT (N,,=16,4 MBT
Ha KJIeMMax 3JIEKTpOreHepaTopa), pacxo/ TOTIMBHOTO Ta3a coctaBiseT: Gy r=4245 kr/y.

XapaKTepUCTUKU JBUTATENSl OMNPENENSAIOTCS C HCIOJb30BAaHUEM IapaMETpPOB
TOIUIMBHOTO Ta3a pacueTHOro cocTtaBa. [l pacuera NPUHATHI CIEAYIONIME 3HAYEHUS
napaMeTpoB IPUPOAHOro raza: 00beMHas HuM3IIas TermnoTa cropanus Hu,=8100 kkan/m3;
IJIOTHOCTh Tpu Temrepatype t=20°C u nasneHuu P=760 MMm.pT.cT., p20=0,68 kr/m3;
MaccoBasl HU3IIas Teriota cropanus: Hu, r =Huy/p2o=11912 kkan/kr.

Pacder HeoOX0IMMOT0 pacxoja MOMyTHOTO Ta3a it obecnieueHust padbotel auratens HK-

16CT na pexume Np=16,4 MBT (t:x=15°C; P,=760 wMM.pT.cT.) NOpOBOIUTCA B

MPEeIOKEHHOM TTopsiike [9].



Haxonutcs nmnotHOCTh raza npu temmeparype t=0°C.

_ IM,V, 2802V, +16,04V, +3007V, +44,09V
Po = 22.4.100% 22.4.100 3)

y V, (%
rae Mi(r/mMoJib)-MOJeKyISpHBII BeC KOMIIOHEHTOB Ta3a; (%) MPOLEHTHOE COJIEPKaHUE

oT 061mero oGbema (TabuIa 1);22,4 J/MOJIb — 00BEM OJTHOT'O MOJISI Ta3a MpU TEMIEpaType

t=0°C u naBnenuu P=760 mm.pt.ct [10,11];
[TnoTHOCTH raza npu temneparype t=20°C.
p20= po- 273/293 4)
MaccoBasi TerI0TBOpHasi CIIOCOOHOCTH MOIMYTHOTO Ta3a (Tabnuia 1):
Hu..r =Huv/p20 ®)
rae Huy— TennorBopHas ciocooHocts 1M2 rasa npu remnepatype 20°C.
Pacxon monmyTHOro rasza, HeoOXOAUMBIN ISl oOecrieueHust MoLHOCTH aABuratens Ny,=16,4
MBT.
Gur=G:r -Hu./HU,=4245 xr/g - 11912 xxan/kr/Huy (6)
OO61muit 00beMHBIN M MACCOBBIN PacXo;] MOMYyTHOTO Ta3a:
Qu.rs(M*/1)=Qg(Mau.M%/ro)-108/365-24; @)
Qurn(Kr/49)=Qu r s(M%/9)-p20 (8)
3amnac mo pacxoay rasza npu padote omnoro asuratenst HK-16CT [12]:
N=G.r.x/Gur., 9)
HeobxomumocTh 10paOOTKM TOTUTMBOPETYIUPYIOMIEH armapaTypbl ONpeAesieTcs 1o
M3MEHEHUIO OTKpbITUsl no3atopa raza ([AYC) mpu paborte aBurateiasi Ha MOCTOSIHHOM

pPEKHUME C TOIUIMBHBIM ra30M pa3JIMYHOro cocrana [13,14].



= E _ Gor Prra

nve — FﬂVCH.F./ JIVCT.T.

_ G, -0,68ke/m’
Grr " Pora 42452 lu-P, 1,

(10)
1€ Fuyerr- MIOMAanbp MPOXOIHOTO AO3UPYIOIIETO OTBEPCTHS A03aTopa rasa mpu padore
JBUATATENSl HA TOIUIMBHOM Ta3e PacyeTHOTO cOcTaBa rase; Fiycnr - MIIOHNIAAL MPOXOIHOTO
JO3UPYIONIET0 OTBEPCTUSI MPU pabOTe IBUTATENsI HA MOMYTHOM Ta3e pa3IM4HOr0 COoCTaBa
[15];

Pe3ynbpTarhl pacuera pacxojia NOMYyTHOTO ra3a Mpy UCIOJIb30BAHUU €TO B KAUE€CTBE
TOTUTMBHOTO ra3a aiisa padotsl nurarens HK-16CT npuBenenst B Tabnuiie 2.

Tabauya 2. TlapameTpsl MOMYTHOTO ra3a

Ne Po P20 Hunr Gnr QE Gz n Eﬁyc
nn | kr/m3 Kr/m°

1 0,7976 | 0,7432 | 10522 | 4806 | 86404 | 64215 13,4 1,036
2 0,7814 | 0,7281 | 10442 | 4843 | 102888 | 74913 15,5 1,066
3 0,7724 | 0,7197 | 10570 4784 | 115308 | 82987 17,3 1,053
4 0,7704 | 0,7178 | 10588 | 4776 | 114361 | 82088 17,2 1,066

Cornacho pacuera (Tabmuma 2) nis padotst qurarenst HK-16CT na pexxume N,=16,4
MBT B 3aBUCHUMOCTH OT COCTaBa MOMYTHOTO Ta3a Tpedyercs pacxon G,=4776...4843 xr/a
BMecTo G =4245 kr/u mnpu paboTe ABUrarTess Ha MPUPOIHOM ra3e pacuyeTHOTO COCTaBa
[16,17]. YBenuueHnue pacxoja raza cocraBa 1-4 cocrapmiser 12...14%.

[Ipu pabote nBuUraTens Ha MOMYTHOM Ta3e PAacCMOTPEHHOTO COCTaBa Tpedyercs

HE3HAYUTENBHOE YBEIMYEHUE OTKPLITUA Jo3atopa rasa ( F,. = 1,036...1,066 ) mo

CpaBHEHHIO C pabOTOIl IBUTaTelss Ha npupogHoM raze. C ydyeToM 3amaca mo nponycKHOU
CIIOCOOHOCTH Jj03aTOpa Tasza, MOpaOOTKH TOIUTMBOPETYIHPYIOMEH amnmapatypsl He

Tpedyetcs [18,19]. Bompoc HeoOxXxoamMocTH I0pabOTKM KaMmephl CropaHus Tpelyer

OTAEIbHBIX pacyeToB [20].



3amac Mo KOJMYECTBY MONYTHOIO ra3a MO3BOJSET IS MPEIIOKEHHBIX YCIOBUN
obecnieunTs padoty mopsaka 15...17 neuratenert HK-16CT. [21,22].

BoIBOaBI

Pe3ynpTaThl pacyeTa TEIJIOTBOPHOW CIIOCOOHOCTM M pacxoja MOIMYyTHOro rasa,
HCIIOIb3yeMOro B kadecTse TorummBHOTO s Aurarens HK-16CT nokaszanu:

1) nst oGecnieyenus 3asBaeHHON MoHOCTH Npp=16,4 MBT HE00X01MMO YBETUYHUTH
pacxoJi momyTHoro ra3a Ha 12...14% oTtHocuTenbHO pacxoja npupoaHoro raza (Gn=4245
kr/gac), wucnoiaszyemoro B [TD2-16 u TITIA-I[-16, YTO YCIOBHO COOTBETCTBYET
ymenbiienuto KIIJ ¢ n*,,=29% no n*,p,=26,5%.

2) OcHoBubie napametrpsl asuratesnst HK-16CT npu pabore Ha momyTHOM rase He
U3MEHSIOTCS, 32 HCKIIIOUYEHUEM pacxXoja TOTUIMBHOTO rasa.

3) IlponyckHas crnocoOHOCTH TOTUIMBOPETYJIMpYIOIel annapatypsl asurarens HK-

16CT obecnieunBaeT paboTy ABUTATENS C MOBBIIICHHBIM PACXOI0M rasa.
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