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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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Scientific secretary
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SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2022
Address of printing house: ST «Aruna», 75, Muratbayev str, Almaty.

5




ISSN 2224-5278 4.2022

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 4, Number 454 (2022), 199-212
https://doi.org/10.32014/2022.2518-170X.210
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L.N. Yesmakhanova', S.A. Orynbayev'’, M. Zhankuanyshev', P. Komada*

'M.Kh. Dulaty Taraz Regional University, Kazakhstan;
’Lublin University of Technology, Lublin, Poland.
E-mail: seitzhan_74@mail.ru

AUTOMATIC CONTROL SYSTEM OF A GAS-PUMPING UNIT

Abstract. Currently, the main type of intracontinental gas transport in
all countries of the world is pipeline. The rapid development of pipeline
transportation of gas is explained by the fact that pumping it through pipelines is
more economical than delivery by other means of transport. The article deals with
the problem of regulating the combustion temperature of fuel in the combustion
chamber of a gas pumping unit. The gas pumping unit as a control object belongs
to the class of nonlinear, multidimensional and high-speed objects. In order to
properly conduct the technological process of gas transportation, the operational
personnel of the compressor station must have reliable information about the
state of the control object, about the regime and technological parameters
characterizing the state of the process. In order to obtain information by actual
measurements of parameters and calculations, a model for calculating the flame
temperature has been developed in the MATLAB application software package.
This model, being a system of logical relations that describe the real object,
regulates the starting temperature by performing all the operations that were
specified in the block calculation block diagram. During the simulation of this
model, several values of the adjusted temperature were obtained. The calculated
determination of the flame temperature of a particular mixture is quite a difficult
task, since in addition to the composition of the mixture, the initial temperature
and pressure strongly affect the temperature. An increase in the temperature and
pressure of the initial components leads to an increase in the flame temperature.
Heat exchange with the environment and dissociation reactions, on the contrary,
reduce the flame temperature. The paper develops the structure of the automatic
control system of the gas pumping unit, which is based on the balanced ratios
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between the energy indicators required for gas transportation and fuel costs for
the creation of the turbine working fluid.

Key words: gas pumping unit (GPU), heat of combustion, dissociation,
turbine power, automatic control system.

JL.LH. Ecmaxanosa', C.A. Opsinoaes!’, M.K. ’Kankyanbimes', I1. Komana?

'"M.X. lynatu areinarel Tapa3 eHipiik yHuBepcureTi, Kazakcran;
2JIro0NIMH TEXHOJIOTHSUTBIK YHUBEpcHTeTi, [lobIia.
E-mail: seitzhan 74@mail.ru

T'A3 TACBIMAJIJIAYIIBI ATPETATTBI ABTOMATTBI BACKAPY
KYHUECI

AnHoTtanusi. Kazipritanaa KypibIK il HIE SJIEMHIH OapiIbIK MeMJIEKEe TTePiHIe
HETI3r1 ra3 TackIMaiaay KyObIpjap apKbLIbl Kypriziuteni. KyOwipmap apKbuibl
ra3/ibl TachIMalaydblH KapKbIH/bI 1aMybl OHBIH 0acka TackIMajaay TypJiiepiHe
KaparaHJa »KOHOMHUKAIBIK TYPFBIAAH THIMIUTITL. Makanaga rta3 anmay
KOH/IBIPFBICHIHBIH JKaHy KaMepachIHAarbl OTHIHHBIH JKaHy TeMIepaTypachiH
perTey mMacereci KapacTeIpbliaasl. a3 aiiay KOHABIPFBICH OacKkapy 0OBeKTic
PETIH/IE CBI3BIKTHI €MEeC, KOTI OJIIIEeM/Ii )KOHE JKBUIIaM OPEKET €TEeTiH O0BEKTIIIep
KJIachlHAa JKaTajabl. a3 TaceIMangayiblH TEXHOJOTUSIJIBIK IPOLECIH TYPBIC
XKYPrizy YILIIH KOMIPECCOPIBIK CTaHLUSHBIH eJesl MepcoHalbIHaa 0acKapy
0OBEKTICIHIH JKali-KYHi TypaJbl, IPOLECTIH )Kal-KYHiH CUIATTAaUThIH PEXKUMIIK-
TEXHOJIOTUSIIBIK TapaMeTpiep Typaibl Aypbic akmnapar 6omysl Tuic. MATLAB
KonjaHOanpl OarjapiaMaiblK MaKeTiHAE MapaMmeTpiepAl HaKThl  eJley
YKOHE ecenTey apKblUIbl aKmapaT ajly YIIiH KaJbIH TeMIIepaTypachlH €CenTey
Mozeni skacanabl. by Mozens HaKThl OOBEKTIHI CHUIATTANTBIH JIOTHKAJIBIK
KaTblHAcTap >Kyieci Oojia OTBIPBIN, OJIOKTapMEH €CENTEYAIH KYpPbUIBIMIBIK
CXeMacChIH/Ia KOPCETUIreH OapIIbIK ONeparysiap bl OPbIHIAY apKbLIbI OaCTaIKbI
Temreparypansl perteli. Ockl MOJENbAl MOJENbICY KE3iHAE pEeTTeNreH
TeMIeparypaHbly OipHeme MoHI anbiHAbl. benrimi Oip KOCHaHBIH JKaHy
TEMIIepaTypachlH €cenTey oTe KHUbIH OOJbIN TaObUIaabl, ©MTKEHI KOCIAHBIH
KypaMblHaH 0acka OacTamkbl TeMIlEpaTypa MEH KbICHIM KaTThl dcep eTel.
bacrankpl KOMIOHEHTTEp TeMIleparypachl MEH KbICHIMBIHBIH KOFApbLIAYbI
KaHy TEMIEpaTypachlHbIH ©CyiHe ajblll Keneni. Kopiiaran opTaMeH XbLTy
ajMacy >KOHEe JAMCCOIUAIs peaKlMsuIapbl, KepiciHIle, KaHy TeMIlepaTypachiH
toemeHzeTeni. JKyMbpICTa Ta3 alalThlH arperarThlH aBTOMATTHI Oackapy
KYHECIHIH KYPhUIBIMBI 931pJICH/I1, OJ1 I'a3 TachIMajlayFa KaXeTTl SHEPreTHKaIbIK
KOPCETKIIITEp MEH TYpOMHAHBIH KYMBIC KOPITYCHIH KYpy¥Fa >KYMCaJIaThIH OTBHIH
IIBIFBIHIAPEI APACHIH/IAFbI TENe-TEH/IIK KaTbIHACTAphIHA HET13eITeH.
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Tyiiin ce3mep: raz TacbIManaaylibl arperar, ’aHy XbUIybl, TUCCOLMALNUS,
TypOuHa KyaTbl, aBTOMAaThl 6acKapy xyieci.

JL.LH. EcmaxanoBa', C.A. Opsin6aes!’, M.K. )Kankyanbimes', I1. Komana?

'Tapasckwuii perroHanbHbli yHuBepeuTeT umeHn M.X. Jlynaru, Kazaxcran;
2JIroOMMHCKUIN TEXHOJIOTHYeCKUi yHUBepcuTeT, [lobima.
E-mail: seitzhan 74@mail.ru

CUCTEMA ABTOMATHYECKOTI'O YIITPABJIEHUA
I'ASOIIEPEKAYNBAIOIIIUM AT'PET'ATOM

AHHOTanms. BHactosmiee BpeMsi0CHOBHBIM BUJIOM BHY TPUKOHTUHEHTAJILHOTO
TpaHCIOPTa ra3a BO BCEX CTpaHAX MHpa CIYKUT TPyOOIpOBOAHBIN. BricTpoe
pazBuTHE TPYOOIIPOBOJHOTO TPAHCIOpPTa Ta3a OOBACHAETCA TEM, YTO
nepexayka ero 1no TpyoomnpoBogam 0ojiee SJKOHOMHYHA, Ye€M JO0CTaBKa JIPyrUM
BUJIOM TpaHcropra. B crareke paccmarpuBaeTcsi mpoOieMa peryiupoBaHUS
TEMIEpaTypbl CrOpaHUs TOIUIMBA B KamMepe CropaHusi ra3ornepeKayuBarolero
arperara. ['a3onepekaynBaronuii arperar kKak OOBEKT yMpaBICHUS OTHOCHUTCS
K KJaccy HEJIMHEHHBIX, MHOIOMEPHBIX U OBICTPOJACHCTBYIOUIMX OOBEKTOB.
JUis mpaBWIBHOTO BEJIEHMSI TEXHOJIOIMUECKOIo IIpolLecca TpaHCIopTa rasa
OIlepaTUBHBIM NIEPCOHA KOMIIPECCOPHOM CTAaHIIUU JOKEH UMETh JOCTOBEPHYIO
UH(OPMAITUIO O COCTOSTHUU 00BEKTA YIIPABICHHUS, O PEXKUMHO-TEXHOJIOTHIECKUX
rnapamMeTpax, XapaKTepU3YIOIIMX COCTOSHHE Mpolecca. B nensx nomyuyeHus
uHpopManuu MyTéM (PaKTUUYECKUX H3MEPEHUN MapaMeTpoOB U BBIYHUCICHHM
B makeTe mnpukiagHeix nporpaMmM MATLAB paspaGorana mojenb pacuera
TeMIepaTypsl IulaMeHu. JlaHHas Monesb, SBISSCH CHCTEMOM JIOTMYECKHUX
COOTHOUIEHHH, KOTOPbIE OMUCHIBAIOT PEAJIbHBIN OOBEKT, pErYJIUPYET CTapTOBYIO
TEMIEPATypy, BBIIOJIHAS BCE OINEpallMH, KOTOpble ObUIM YyKa3aHbl B
CTPYKTYpHOH cxeme pacyera cOiaokamu.BxoneumMuTHpoBaHus JaHHOW MOJEIIN
ObUIO TIOJIy4YE€HO HECKOJIBKO 3HAYE€HUH OTPEeryJIHMpOBAHHOW TEMIIEpaTypHl.
PacuetHoe ompezneneHue TemnepaTypsl FOPEHHUs] KOHKPETHOW CMECH SIBIIIETCA
JIOCTAaTOYHO CJIOKHOM 3a7ayel, Tak KaKk KpOME COCTaBa CMECU Ha TeMIEparypy
CWJIBHO BIUSIOT HaYalIbHAs TEMIIEpaTypa, AaBleHUE. YBEIUYEHHE TEMIIEPATYPhI
Y 1aBIICHUS UCXO/IHBIX KOMIIOHEHTOB MPUBOIUT K POCTY TEMIIEPATyphbl TOPEHHUSL.
TennoobMmeHn ¢ okpyxaromiel cpeaoid M peakUuu JUCCOLUAIUU, HAao0OopoT,
CHIDKAIOT TeMIeparypy ropenus. B pabore pa3paboraHa CTpyKTypa CHCTEMBI
aBTOMAaTUYECKOTO YMPaBICHHUsS Ta30NepeKauuBalOIIEero arperara, KOTOPBIH
OCHOBBIBA€TCS Ha OaJaHCHBIX COOTHOLIEHUSX MEXAY HHEPreTUYeCKUMHU
MOKa3aTeNIIMU HEOOXOMMBIX Ha TPAHCIOPTHPOBKY Ta3a W  TOIUIMBHBIMHU
3arparaMyd Ha CO3JaHUE pabodero Tesa TypOUHBI.
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KarwueBble cioBa: rasonepeKaqHBanme/i arperar, TCIUIoTa CropaHus,
Jucconuanus, MOIIHOCTb Typ6I/IHI)I, CHUCTCMaA aBTOMATUYCCKOI'O YIIpaBJICHUA.

Introduction. In connection with the constant increase in gas production,
the network of product pipelines is expanded — the most economical type of gas
transportation.

The main economic factors for the efficient use of pipeline transportation are
the possibility of full automation of gas pipelines.

Gas moves through the gas pipeline from the gas field to the consumer,
overcomes the pipeline resistance and loses pressure. Excessive pressure loss leads
to a reduction in carrying capacity and irrational use of the pipeline (Farukhshina
et al., 2022). Compressor stations are constructed for the economic pumping of
gas at large distances with maximum utilization of the pipelines’ bearing capacity
(Anuchin et al., 2004). Compressor stations of main gas pipelines are a complex
of structures designed for gas compression (Gorbiychuk et al., 2019).

Gas-pumpingunits (GPUs) are complex power plants designed for compression
of natural gas entering the compressor station on the main gas pipeline.

The task of gas-pumping units at compressor stations is to increase the
pressure of blue fuel to the specified value. GPUs with gas turbine aircraft and
marine, as well as electric engines, are used for gas transportation by main gas
pipelines. The most common drive is a gas turbine.

The compression process is a complex technological process with a large
number of variables, so GPUs can be applied to multidimensional control objects.

In addition, it is necessary to note that the main dependencies between
variables, such as the compression coefficient € and the gas consumption Q,
carry a nonlinear character. Therefore, GPU control systems generally work in
modes of automatic stabilization in a narrow range of variable variations, only
in this case it is possible to linearize the characteristics and adjust the regulators.

The duration of the gas flow in GPU is calculated in split seconds, the number
of revolutions of the supercharger reaches 4000-6000 rpm, so it is necessary to
note that the compression process is fast (Vesely et al., 2000). All this imposes
certain requirements on the choice of technical means of automation, on its speed
and accuracy (Singh, 2016).

Thus, it can be said that GPU as an object of control belongs to the class of
nonlinear, multidimensional and fast-acting objects.

Research Material and methods. GPU is a complex technological unit,
there is a large number of models that reflect dependencies (Guha, 2003).

- flow characteristics on the number of GPU revolutions;

- pressure at the output of the device on Pj, Q ;

- pressure at the inlet of the device on o of GPU.

202



ISSN 2224-5278 4.2022

In our case, in order to solve the problem of optimal distribution of pressure on
the units, it is necessary to have a model that reflects the compressive dependence
of consumption:

£= {Qdimi T} (1)

This characteristic is taken experimentally and represents a family of curves
that reflect the dependence € on Qg

£ 4 K

L

Q
Figure 1 — Diagram of the dependence ¢ on Qg
Equation (1) is well approximated by the following expression:
E= %=aﬂ +a,Q;+ Q5+ azw+ a,T, (2)
I

where [ — number of GPU revolutions;

T — gas outlet temperature at HPT outlet (high pressure turbine) (Giro et al.,
2021).

Combustion is a complex physicochemical process based on exothermic
oxidative-restorative reactions, which is characterized by a significant flow rate,
separation of a large amount of heat, mass exchange with the surrounding area,
etc (Altshul et al., 2019).

The calculation of a particular mixture’s combustion temperature is a rather
difficult task, as the initial temperature, pressure strongly affect the mixture’s
composition (Soudarev et al., 1997). The increase in temperature and pressure of
the initial components leads to the combustion temperature increase (Sukhinenko
et al., 1995). Heat exchange with the surrounding medium and dissociation
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reactions, on the contrary, reduce the burning temperature (Krasnov et al., 2018).
Heat exchange with the surrounding medium and dissociation reactions, on
the contrary, reduce the combustion temperature (Orynbayev et al., 2021).
The general equation of any hydrocarbon’s combustion reaction has the
following form:

CH, +|m+ E) 0, = mCO, + ()H,0+Q, 3)

where m, n — the corresponding number of carbon and hydrogen atoms in the
molecule;

Q — the combustion heat.

The heat combustion Q is called the amount of heat released during full
combustion of 1 m* (1 kg, 1 kilomole) under normal physical conditions (P =
101325 Pa, t = 0°C). The values of high and low heat combustion of the main
components of natural gas are specified in GOST 30319.1-96.

Adiabatic (without heat exchange with the surrounding medium) combustion
temperature of the known composition mixture may be calculated in accordance
with the first law of thermodynamics: heat, released during combustion, is
completely spent on heating the combustion products.

The following adiabatic temperatures of gas combustion are distinguished in
the calculations: calorimetric, theoretical, actual (calculated) and heating. These
temperatures differ by taking into account the external factors that affect the
combustion temperature. Thus, the heating determines the mixture’s combustion
temperature at a=1 (the amount of oxidizer corresponds to the minimum required
for full combustion) and the initial temperature of the gas and air at 0°C. The
calorimetric temperature takes into account the actual coefficient of excess air
and the mixture’s temperature, which is fed to the combustion. The theoretical
temperature additionally takes into account the heat spent on the dissociation
(Tumanov et al., 2014). The actual temperature is determined from the product
of the theoretical by the coefficient taking into account losses for heat exchange
with the surrounding medium (furnace walls), heat transfer by radiation, flow
rate, etc.

The formula for determining the theoretical temperature is as follows:

_ oL taph—dd
tr = IvVisCp, “)

where @ f — the lowest combustion heat of the gas, kJ/m?;

d,;, — the heat content (physical heat) of the gas and air, which is counted from
0°C, kJ/m3;
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q, — the heat amount, which is absorbed during the process of dissociation of
carbon dioxide and water vapor, kJ/m?;

Z (V, -Cp, ) — the sum of the products of the volumes and average volumetric
heat capacitfes of the gas combustion product components at constant pressure.

The dissociation of water vapor and carbon dioxide is an endothermic reaction,
i.e. a reaction with the heat absorption and increase in volume.

Tabulated values of the degrees of dissociation for partial pressures from
0.004 to 0.04 MPa and temperatures from 1500 to 3000°C. Based on these data,
three-dimensional fields of dissociation coefficients were constructed (Fig. 2 and
3).

Figures 2 and 2 show that the degree of dissociation increases with increasing
temperature and decreases with increasing partial pressure. Based on this
tendency, the extrapolation of the tabular data to a partial pressure of 2.5 MPa
and a temperature of 4000°C was performed.

The calculation of the gas combustion products’ temperature after mixing
with air and water vapor is based on the constancy of the heat energy before and
after mixing:

Q142 = Q1 +Q-.

The heat capacity of the mixed flows is determined by the heat capacities of
the flows in proportion to their volumes. Hence, the formula for determining the
temperature after mixing takes the following form:

T = Ql+2 , (5)

1+2
4 £
C, +c,- -+,
(Pl (K"‘V;J p2 [V;"'I/zj](] 2)

where Q, ., — the heat capacity of the mixed flows;

Vlj2 — the volume of the mixed flows;

C, - the average volumetric heat capacity of the gases.

After reviewing this technique for determining the combustion temperature,

the following block diagram for determining the combustion temperature is built
(Fig.4).
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Let’s consider each block separately.

The heat and volume calculation block — this block, taking into account the
gas consumption V, and air consumption V,, calculates the total volume of
consumed fuel according to the formula:

V=0 +V. (6)

The corresponding released combustion heat is selected depending on the
type of fuel. In our case, natural gas was chosen, its combustion heat was Q =
36000 kJ/m?>.

Result and discussion. A model is a simplified representation of a real
system. A mathematical model is a system of logical relationships that describe
a real object. However, this is not an exact copy of physical systems, they
only describe the most essential features of physical systems. In this project, a
model was developed for calculating the flame temperature using the MATLAB
program (Fig. 5).

This model controls the starting temperature, performing all the operations
that were indicated in the structural diagram of the calculation with blocks (Scott
et al., 2006). Its task is to compare the combustion heat released from the gas
with the heat released from the exhaust gases (Temirbekova et al., 2022). Since
the released heat of the exhaust gases is greater than that of the fuel, the search
regulator lowers the starting temperature and controls it more precisely until the
material balance is established (Orynbayev et al., 2019). The following results
were obtained from the model: T cting 1300°C,and T _ . = 1245°C.

Several experiments were carried out and the following results were obtained
(Table), diagram of the dependence of the average volumetric heat capacity on
the combustion temperature (Fig. 6).

starting, OC Tcalculated’ OC
1200 1262
1300 1245
1350 1244
1370 1229
1400 1192
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Figure 5 — Model for calculating the flame temperature
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Figure 6 — Diagram of the dependence of the average volumetric heat capacity on the
combustion temperature

208



ISSN 2224-5278 4.2022

Synthesis of the automatic control system’s structure. The automatic control
system is based on the balance ratio between the energy indicators necessary for
the gas transportation and fuel costs for the turbine working body construction

(Fig. 7).

| Exhaust |

F gas
———D>3—* Combustion |
F air hamber Math.block| M
chaml HPT  LPT

|
1
1
L e e r = = - I |
I I
| I
] Il
| ! X P
I I m
| |
! T
I I
| | ‘
ke e e e — — —— - — [p— - —_—— ——
Flame T
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w P | El““lk flﬂrt The turbine power
oller recalculatiny :
controller [temperature the € calculation block
supercharger

power to the
turbine power

Figure 7 — Structure of the automatic control system of a gas-pumping unit

To calculate the predetermined temperature, it is necessary to find the turbine
power. The turbine power is determined from the diagram of the turbine and
supercharger power dependence (Fig. 8).

-]
L
.
.

..........

Turbine power. MW
&
i

Supercharger power, MW

Figure 8 — Diagram of the turbine and supercharger power dependence

Since the supercharger power was equal to N percharger — 2-8 MW, then from
the diagram it is possible to determine the turbine power, which will be equal to
N . =83MW.

turbine
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The predetermined temperature is determined using the following formula:

__ Nrurbine
Tp?‘ N GwrCar (7)

where N is the turbine power, C is the average volumetric heat capacity,
Q ) is the working body consumption.
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All types of sensors are field-installed (Fig. 9). All sensors were from Metran.
Each sensor has dx index, since they are all anti-explosive.

Conclusion. As a result of this work, the mathematical model for calculating
the combustion temperature in the combustion chamber was developed. During
the simulation of this model, a few values of the controlled temperature were
obtained. The structure of the automatic control system of the gas-pumping
unit was developed, which is based on the balance ration between the energy
indicators necessary for the gas transportation and fuel costs for the turbine
working body construction.
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