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Ha cerogHsaWwHWiA AeHb SBCTBEHHO BuAHA HeobxoauMocTb Bornee paunoHanb-
HOro MCMOMNb30BaHNsA BTOPUYHbBIX dHEpreTudeckmx pecypcos (BOP), nmetowmxcs B
rasoTpaHCNopTHOW cucteme cTpaHbl. B gaHHon cucteme BOP B nepByto odepenb
npeAcTasneHbl AbIMOBBIMU rasaMu rasornepekayvBaroLlLnx arperaTtoB C ras3oTyp-
BGUHHBIMW NPUBOAHBIMU YCTAHOBKaMMW.

[nsa ncnons3oBaHma BOP ra3oTypbyHHLIX NPYBOAOB HE3aBUCMMO OT YTWUMK-
3aLMOHHON CXeMbl HeobxoAMMO MpegycMaTpuBaTb YCTAHOBKY TennoobMeHHOro
obopyaoBaHus, KOTOPOE SABMNSETCH MPUYMHON YBENUYEHUS adpoanHaMUYECKOro
COMPOTUBIIEHUST BbIMYCKHOrO TpakTta. 370, B CBOIO O4epenpb, OKasbiBaeT BMUAHNE
npakTU4yeckn Ha BCce napameTpbl ra3oTypbuHHon yctaHosku (MY) u B pedynbTate
CKasblBaeTCA Ha pexnme paboTbl YCTAHOBKU B LIENOM. OKCNEpPUMEHTarbHbIM Ny-
Tem GbINO onpedeneHo, YTO UCMNOMb30BaHWE YTUNM3aLMOHHOro obopyaoBaHus —
npuyrMHa CHWXeHNs apdekTMBHLIX MoLHocTu u KIMA. Ona onpegenexuns konuye-
CTBEHHOrO BMIMSHUA a3pOANHAMUYECKOro COMPOTUBNEHNA Ha napameTpbl I'TY uc-
nonb3oBaH MeTOA ManblX OTKMOHEHWN, NO3BOMAWUA HanTh Ko3ULMNEHTHI
BMUSAHNSA, 3Has KOTOPble MOXHO AOCTaTOMHO TOYHO MepecyuTaTb BbIXOAHbIE Xa-
paktepucTukn 'Y npy M3MeHeHun CONpOTUMBIEHMS BbIXIIOMHOrO TpakTa Bcred-
CTBWE YCTaHOBKW YTUINMU3ALMOHHOIO TennoobmeHHnka. Y[obcTBo MeToga cocTouT
B TOM, 4YTO HE3aBMCMMO OT MOCTaBNEHHOW 3adauyu, YMcna NepeMeHHbIX N Xapak-
Tepa CBS3N Mexay HUMMW pelleHne MoXeT ObiTb Mony4YeHo B BUAE SBHOW aHanu-
TUYECKON 3aBMCUMOCTMN.

Mcnonb3ys metod mManbiX OTKIOHEHWI, NOMyYeHbl KO3MMULNEHTbI BANSHUA
MN3MEHEHNSA CONPOTUBIIEHMSA BbINYCKHOMO TpakTa Ha 3eKTUBHbIE MOLLHOCTL U
KMAO ycraHoBku koHkpeTHoro tuna. Kpome Toro, rpadmyeckum obpasom npea-
CTaBneHa 3aBUCUMOCTb KOIMMUUMEHTOB BNUSHUS OT HayarnbHbIX NapameTpoB
uMkna: TemnepaTypbl NPOAYKTOB CropaHus nepef TypOMHOM M cTeneHu cxaTus
BO3Jyxa B KOMMpeccope.

KnioueBble cnoBa: yTunusauvoHHasi Harpyska npueoda, TennoobmeHHoe
obopynoBaHue, napameTpbl [TY.

Mn. 3. bubnuorp.: 10 Ha3B.

INFLUENCE OF UTILIZED LOAD OF DRIVE
OF COMPRESSING STATION UPON PARAMETERS OF GTP

ABRAZOVSKI A. A.
State Institute of Staff Retraining (SISR) “GAS-INSTITUT”

Today it is required to use secondary energy resources (STR), which we have
in gas-transport system of the country, more efficiently. In this system (STR)
smoke gases of gas transforming aggregates with turbogas drive installations are
presented primarily.

For using STR of turbogas drives it is necessary to forecast heat exchange
equipment installation, this causes the growth of aerodynamic resistance of ex-
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haust channel. This influences on all plant's work. It was experimentally proved
that the usage of utilized equipment influences upon increasing of power efficien-
cy. For this reason the perturbation method was used, which allow to determine
rate of influence. Convenience of this method is that the solution can be obtained
in the form of evident analytical dependence and it does not depend on formulated
problem, number of variable and definite relations between them.

Using the perturbation method influence efficiency was obtained, which influ-
ences on exhaust channel resistance changes and as a result changes power effi-
ciency and in the whole plant’s efficiency. Besides, in this article the dependence
of influence efficiency from stating parameters of cycle was presented in graphs:
temperature of burning products before turbine and air compression.

Keywords: utilized load of drive, heat-exchange equipment, turbo-gas plants
characteristics.
Fig. 3. Ref.: 10 titles.

[Tpunnumner Oonee panroHaIBHOTO HCHOJB30BaHUS BOP razomepexaunBaro-
IIMX arperaToB, YCTAHOBJICHHBIX HA JIMHEHHBIX KOMIIPECCOPHBIX CTAHIUAX Ta-
30TPaHCIIOPTHOM cUCTEMBI, ObLH chopMynupoBaHsl B padoTax [1-3]. Ilpu aTom
ClIeAyeT NMOHHWMAaTh, YTO UL UCHOJb30BaHUS BOP ra3oTypOMHHBIX HpPUBOIOB
HE3aBUCHMO OT YTHJIM3ALMOHHOM CXeMbl HEOOXOAMMO IperycMaTpUBaTh ycTa-
HOBKY TEINIOOOMEHHOTO 000pYAOBaHHS, KOTOPOE SIBJISIETCS MPUYMHON yBeTu4e-
HUS a3pPOAMHAMUYECKOTO COMPOTHBIICHHUS BBIXJIOTHOTO TpakTa [4]. DTO, B CBOIO
oyepenb, OKa3bIBACT BIMSHHE MIPAKTUYECKU HA BCE MapaMeTphl ra30TypOMHHOM
ycranoBku (I'TY) u B pe3yibTare CKka3bIBaeTCs Ha PeKUME PabOThI YCTAaHOBKH
B nenoM. Hannume ytunusatopa NpuBOIUT K TOMY, YTO IPOLECC PACIIHPEHHS
B TypOMHE UAET HE 0 aTMOC(EPHOIo JaBlICHUs, a 3aKaHIMBACTCS HA IaBICHUH
HECKOJIBKO OOJbIIEM, HO JAOCTaTOYHOM JUIS TOTO, YTOOBI MPOIYKTHI CrOpaHUsI
MOTJIH IIPEOAOJIETH a9POANHAMUYIECKOE CONPOTUBIICHUE YTHIH3ALMOHHBIX yCTa-
HOBOK [5]. IMeHHO 1O 3TO# mpUYMHE OCHOBHOE TPeOOBaHUE, MPEIbSIBIIEMOE
K YTWIM3AIMOHHBIM TEINIOOOMEHHHKAM, — 3TO0 MUHHMAaJIbHOE COMPOTHUBIIECHHE
ra3oBOro TPaKTa.

Pan mccnenoBareneil SKCEpUMMEHTANbHO W3y4YalM BIMSHUE JOMOJHUTEIb-
HOTO a’pOJAMHAMUYECKOTO COMPOTHUBIIECHHS BBIXJIOIHOTO TPaKTa ra3oBoi TypOu-
HBl Ha oTAenbHble XapakTepucTuku ['TY. B kauecTBe 00beKTa HCCIEIOBAHUS
BeicTynasna I'TY ¢ paspe3aHHbIM BaJoM M percHepaipiei. ConpoTuBiIeHNE U3-
MEHSUIOCH 32 CUET MOJIOKEHHUS IHUOEpOB, YCTAaHOBJICHHBIX B Ta3oxofax. OCHOB-
HBIMH NTapaMeTpaMH, UCIBITHIBAIOIIMMHY BIUSHUE COMPOTHUBIICHUS BBIXJIOMHOTO
TpaKTa u omnpenessomuMu pexxum padotel I'TY, sBustorcs 3¢dexTuBHas Mom-
Hoctb I'TY N, Temnepatypa pabodero Teina mnepen razoBoil TypOuHHOU T3, 3-
dbextuBubii KIIJL I'TY m.. AHamu3 W3MEHEHHS NPOTHBOJIABICHUS 3a TypOH-
HOW AP ynoOHO NMpOBOIUTH, KOTAA OAWH U3 OCHOBHBIX IapaMeTPOB, 3 HUMEHHO
momHocTh I'TY mim temneparypa ra3os mepen TypOuHOH, HensMeHeH. W3me-
HEHHUE TOT0 WJIM MHOTO MapaMeTpa BCIEACTBUE BAppUPOBaHMS AP MOKHO OIpe-
JIEIUTB KaK

¥ =L,
Xo

rae X,, X, — uccnenayemeli napamerp npu Ap = 0 m Ap # 0 coorserct-
BEHHO.
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Kak Bunno u3 puc. 1, addexruBasie mommuocts u KI1J| ycraHOBKM mOHM-
KArOTCS C POCTOM JOTIOJHUTEIBHOTO CONPOTUBICHUS 3a TypOuHOH. Ilpu ¢ux-

CHPOBAHHOM 3HaueHHH AP Haubosee MHTEHCHBHOE nanenne N, U ¢, HaGmo-

JaeTcs Mpy yacTUYHbIX Harpy3kax ['TY.

i
I ———
LI E——
0,94 i —
0,92 -
0,90 . _
0,88 :
0,86
0 0,8 16 2,4 32  Ap,xlla 4.8

Puc. 1. BiusiHue TOTIOTHUTENBFHOTO CONPOTHUBIICHUS 3a TypOuHOil Ha nmapametps! ['TY:
1 — u3menenune MomHocTH; 2 — u3menenune KITJ]

JlaHHBIN pe3ynbTaT OTpakaeT BIMSHAE adPOAMHAMUYIECKOTO COMPOTHBIICHUS
Ha 3¢ extuBHbIe MomHOCTH M KIIJ[ I'TY koHKpeTHOTO THTA. JIJIs OTIpemencHus
KOJTMYeCTBEHHOr0 BIHSHUSA AP Ha mapamerpsl I'TY Bocmosb3yeMcss METOI0M
MaJIBIX OTKJIOHCHHUH, MO3BOJISIONIUM OTPENEIUTh KOIQPHUIMEHTHI BIVSIHUS, HC-
MOJIB3Ysl KOTOPBIE MOKHO JOCTATOYHO TOYHO MEPECUUTaTh BHIXOAHBIC XapaKTe-
puctuku ['TY npu u3MeHEeHUH COMPOTHUBIICHHUS BBIXJIOMTHOTO TPAKTa BCIIECICTBUE
YCTaHOBKH YTHUJIM3aLMOHHOTO TemooOMeHHUKa. CyIIHOCTH AaHHOTO METona
3aKIII0YaeTCsl B TOM, YTO IJI1 HAXOXKICHUS 3aBUCUMOCTH MEXAY HEOOJbIIUMHU
MPUPALIECHUSIMHU BEJIMYMH UCIIOIB3YETCS JIMHEHHOE COOTHOIEHNUE [6]

Ay = f'(a)Ax.

3TO COOTHOLICHHUE SBIISETCA MPUOIIMKCHHBIM, TaK KaK TOYHOE BBIPAKCHHUE
ans npupamienus GyHkiun Y = f(X) MoxeT ObITh MPEACTaBICHO B BUIE psja

Teitnopa

Ay = f'(a)Ax +% f"(a) Ax? +% f"(@)AX +....

[IpeneOperast BEIMYMHONW BTOPOTO U MOCIEAYIONINX WICHOB Psijia, TPUHAMA-
€M TpupaiieHie (YHKIUU paBHBEIM TEPBOMY WICHY pa3yiokeHus B psaja Teitio-
pa — nuddeperunany byHkipu. OTHOCHUTEILHOES U3MEHCHHE HHTEPECYIOLIETO
HacC rapamMeTpa MOXKHO BBIPA3HUTh C TOMOIIBIO (POPMYITBI

X=X,

oX = ,
Xo

IlIe X,, X — 3HaYeHHUE MapaMeTpa B HaYalbHbIIi MOMEHT BPEMEHH M IIOCTIE IIpe-

TEpIEeBaHUS BIUSHIS COOTBETCTBEHHO.
OTHOCHTENPHOE M3MEHEHHE apaMeTpa, BRIpaKEHHOE Yepe3 OTHOCUTENHHOE
M3MEHEHUE TaBIICHUS 32 Ta30BOM TYpOMHON, UMEET CIICTYIOIITII BHI:
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ox = Kdo,

rae K — koahGuiiueHT BIusHYs; 0G — OTHOCUTEIIbHOEC U3MEHEHUE IaBICHHMS.
U kak pe3ynbrat
X =X, (1+ Kdo).

Kak Obuto ykazaHo paHee, OCHOBHOE BJIMSHHE W3MCHEHHE COMPOTHBIICHUS
BBIXJIOITHOTO TpakTa OKa3biBaeT Ha 3¢ ¢extuBHbie MoinHocTh M KIIJ[. danee,
WCTIONIB3YS M3BECTHBIC COOTHOIICHUs XapakTepucTuk ['TY ¢ pa3pe3aHHbIM Ba-
JIOM W 3Has 3HA4eHHWsS NapaMeTpOB Ha OIpPEIEICHHOM DPEXHUME, HEOOXOAMMO
onpeaenuTh K03()PUIMECHTH BIUSHUS U3MEHEHHs CONPOTUBICHUS Ha 3(dek-
TUBHBIE MOIITHOCTE M KIT/I.

[lotepu nmaBneHUs NMPUBOAAT K TOMY, YTO CTCTICHb NMOHWKCHHS €r0 B TYp-
OuHe T, = psa/p, OKa3BIBACTCS HIKE CTCMICHU MOHMKCHUS TaBJICHUS B KOMITPEC-
cope T, = polp; [7]. OcHOBHBIE TTOTEPH JAaBIEHUSA UMEIOT MECTO Ha BXOJE BO3MY-
Xa B KOMITPECCOp, MEXTy KOMIIPECCOPOM M TypOMHOUM M Ha BBIXONIE TypOHHEI.
Torga ypaBHeHHe OallaHCa CTETICHEW COKATUS U TUIPABIUYCCKUX COMPOTHBIIC-
HUH 1O TpaKkTaM TypOWHBI IPUMET BUJI

T,=06,0,.0.T

KT KT TK?
rae 6,,0,..,06,— KO3(GHULUUEHT MOTEpH JABICHHUsS HAa BXOJE BO31yXa B KOMII-
peccop, MeXIy KOMIIPECCOPOM M TYpOMHOW W Ha BBIXOJE TYpPOMHBI COOTBET-
CTBEHHO.

[onarasi, 9To MpH M3MEHEHUH COIMPOTHBIICHUS BBIXOAHOTO TPaKTa MOTEPH
JIaBJICHUS HAa BXOZE B KOMIIPECCOP, a TAKXKE MEXKIY KOMIIPECCOPOM U TypOHMHOMI
SBIISIFOTCS. HEU3MEHHBIMU, MPEICTaBUM 3allUCaHHBIA OalaHC B BUAE ypaBHEHUS
B MaJbIX OTKJIOHEHHSX IMOCPEACTBOM MOCIEIOBATEIBHOIO JIOrapu(pMHUPOBAHUS
u nudpepeHIMpPOBaAHUS

O, =05, + o7,

rae Om,, 0G,, O, — OTHOCUTENbHBIC 3HAUYCHHSI COOTBETCTBYIOIIUX [IapaMETPOB.

C ydyeToM ypaBHEHUH, NPEJIOKEHHBIX B [7] AN pacdyeTa pacxoja U JaBJe-
HUsL pabodero Tena mepen TypOMHOM, MOITy4aeM YpaBHEHHE B MalbIX OT-
KIIOHEHUSX, OMpPEIeAIoNniee 3aBUCUMOCTh MEXAY PacxoJoM pabodero Ttena,
CTENEHBI0 CXaTHsl B KOMIIpECCOpPE M TeMIlepaTypoil paboudero Ttena mnepen
TypOMHOM:

_ 1 =
0G,, =om, —58T3.
Umes TTY c¢ paspezaHHBIM BajloM, MOIIHOCTb TYpPOMHBI B LEJIOM MOXK-

HO TIPEJCTAaBUTH YEPe3 MOIIHOCTH KOMIIPECCOPAa W MOIIHOCTH CHIOBOU Typ-
OMHEI

N, =N_+N,,.
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[Tpu 5TOM HaTO TOHUMATh, YTO BRIPAXKEHUE MOXKET OBITH 3aITUCAHO B JIAHHOM
BUJIE TIPU YCJIIOBUU MCKIIIOUEHHS MOTEPh B KOMIIpeccope U TypOuHe [8].

BBojs koa¢dduireHT none3Hoi paboThl, MepexorM K YPaBHEHHIO B MaJbIX
OTKIJIOHEHHSIX

V55 =6T, - K 0%, + K. 0%,
1-vy

ma™

o . —_ K . —
riae y — ko3hGHUuueHT noae3Hoi padotsl; K, = m K, = I
K T

n

[Ipu m3BecTHOM KO3 duITMEHTE MONIE3HON PaboThl d3hHEKTUBHAS MOITHOCTH
COCTaBHT

Ne =N =yN, =yGc, (1 -m.")n,.
B manbIx OTKIOHEHHSIX 3TO BEIPAXKCHUE UMEET BU/T
N, =8y +3G,, +8T, + K, 0T,

Takum 00pa3om, UMeeTCsI CUCTEMA U3 YETHIPEX YPaBHCHHIA:
Om, =06, + 0T, ;

_ 1 =
8G,, =9dm, —-8T5;

2

V s _s7 — = .

——0y =07, - K 0n,+ K Om_;

1-vy
SN, =8y +3G,, + 8T, + K, 57,

JIns pemieHuss JAaHHOM CHCTEMBI M HAaXOKACHHs 3aBUCHUMOCTH MexIy ON,

u 0G, npuHuMaeM pexxuM padotsl ['TY mpu T, =const, a taxxke 3agaemcs elwe

OJTHOW 3aBHCHUMOCTBIO MEX][y UMEIOLIHUMUCS ePEeMEHHBIMH. J[JIs1 3TOro MOKHO
HCIIOJTH30BaTh COOTHOIIICHHUE MEXITY KOA(PGHHUIINESHTOM ITOJIe3HON padOTH U CTe-
MIEHBIO CKATHUS BO3/[yXa B KOMIIPECCOpe

ryie O — COOTHOIIICHHE TPAHUYHBIX a0COIOTHBIX TEMIIEPATYP B ITUKIIE.
Onnako 6oJee paloOHAIBHBIM BUANTCS BBOJ pyHKImU 7 = f (\p), T. €. TIO-

SABJICHUEC €IIIC OAHOI'O YPAaBHCHUS C K03(1)(1)I/II_[I/IGHTOM BIIMSHUS

7T, =K, V.

Takum 06pa30M, CHUCTEMA UMCCT BHU:
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3T, =35, + 07, ;
3G,, =9oT, R :
2

YV Sy =0T, - K 5%, +K,0%,;

1-y
N, =8y +3G,, + 8T, + K, 5T,
T, =K,V

Pemas cuctemy, npu ycioBuu, 4to 8T, =0, morydaeM K03 GHULUUECHT BIUs-

Hus 56, Ha SN,

<, = Ak

B

PRI QU S A Y G
Ky v-1K,

Hcnone3ys naHHYI0 METOAMKY, ONpeaenM Ko (MUITMEHT BIUSIHUAS a3pO]IU-
HaMHYECKOTO COIPOTHUBIICHUS BBIXJIOIHOTO TpakTta Ha 3(dexktuBabrid KII
YCTaHOBKH

_A+D

K, 5

K, —K..

BcnomorarenbHble  KOX(DQUIMEHTH  OMPENENSAIOTCS MO  CICAYIOIUM
dhopmynam:

D=K/ -K!/-1;

20286 wm™* T, ., _0.25m, Ty
) Nk T,-T, " m® T-Ty

rae 7; — TemmepaTypa BO3[yXa Ha BXOJE OCEBOr0 KoMIlpeccopa; 73 — Temmepa-
Typa IIPOAYKTOB CTOpPaHUs Ha BXOJ€ ra3oBoil TypOuHsl; 13 — Temmeparypa Bo3-
JlyXa Ha BBIXOJI€ U3 pEreHepaTUBHOIO IIOJJOTPEBATESL.

Hcnonb3yss MeTon MajbIX OTKIOHEHWH, OBUIM MONXy4eHBl KOI((UIHEHTHI
BJIMSHUSI W3MEHEHUS CONPOTHBICHHSA BBIIYCKHOIO TpakTa Ha 3(p(EKTHBHbIE
momHocTh U KIIJI yctanoBku koHKpeTHOTrO Tuna. IIpu 3TOM HE0OX0muMO y4u-
THIBAaTh, YTO KOA((GUIMEHTHI BIUSHUS CYHIECTBEHHO 3aBUCAT OT HaYaJbHBIX Ta-
paMeTpoB LMKJIA: TEMIEpaTypsl NPOLYyKTOB CrOpaHUs Iiepes TypOuHOH, CTETIEHH
ckatus Bozlyxa B kommpeccope [9, 10]. M3meHeHust K03 PUIIMSHTOB BIUSHHUS,
00yCIIOBIIEHHBIE M3MEHEHHEM TeMIIepaTyphbl ra3oB mepen Typounou mns ['TY
Pa3IMYHBIX [IHUKIIOB, OTOOPaXXEHBI Ha puC. 2, 3.

TakuM o0pazom, 3Hasg THUII M JKCIUTyaTallUOHHBIE XapakTrepucTuku ['TY
U UCTIONb3ys MPEI0KEHHYI0 METOAOJIOTHIO, MOKHO ONPEAEINUTh CTENEHb BIIU-
SIHUS TETUIOOOMEHHOT0 000PYIOBaHUS Ha OCHOBHBIE TAPaMETPhl YCTAaHOBKH.
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0,70 0,95 1,20 1,45 T3 1,70

Puc 2. 3menenne ko3(pGUIMEHTA BIUSHUS CONPOTHBICHUS BBITYCKHOTO TPaKTa
Ha 3¢ dexruBHyro MormHOCcTh I'TY: 1 — npocToii HuKIT; 2 — MUK ¢ YTHIN3AUeH TeII0ThI

1,2
[ —

08 a1

; S e

04 ) T e
0,2 B \ - S

0,70 0,95 1,20 1,45 T3 1,70

Puc. 3. 3menenne ko3¢ GUIUESHTA BIMSHIS CONMPOTHBICHHS BBITYCKHOTO TPaKTa
Ha 3¢ dexrunbii KITA I'TY: 1 — npocToit ki, 2 — MUK C yTHIX3ALHEH TeIUIOThI

BBbIB O 1 bl

1. Tloka3aHo, 4TO MCMOIB30BAHNE YTHIN3ALUOHHOTO 000PYIOBaHUS SIBISIET-
csl MpUYMHOW CHIKEeHUs 3QdextuBHbIX MomHocTd U KIIJ razoTypOunHOM
YCTaHOBKH.

2. Vcnionb3ys METOJ MajbIX OTKJIOHEHUH, BO3MOXHO aHAIUTUYECKUM ITyTEM
OLIEHUTDH BIIMSIHHE A3POJUHAMUYECKOrO CONPOTHUBIICHUS YTHIM3ALUOHHBIX Tell-
J00OMEHHBIX alapaToB Ha MapaMeTphl PabOTHI Ta30TypOMHHON YCTAaHOBKH.
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