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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOPEL, mpodeccop, KP ¥YFA
akajemuri, «Kasakcran PecrmyOnmukackl ¥JITTBHIK FBUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. CokoybCKHit aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE MIEKTPOXUMUS HHCTUTYTBIHBIHY» 0ac TUPEKTOPEI
(Anmmvarsl, Kazakcran) H =4

Fruibivu xaTimisl

ABCA1BIKOB BaxsiT Hapnko6aiiyJbl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOPEL, ipodeccop, KP ¥YFA

JKayanThIXaTIBICH], A.B. BeKTypoBaThIHAAF IXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTsl, Kazakcran) H=5
PepgaknusaablK aJdkKa:

9BCAMETOB Mauaic Kyasicyas! (6ac peqakTopabslH opeIHOAcaphl), reoIorus-MHHEPaIoTust
FBUTBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopbl (AnmMarsl, Kaszakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAbH OpbIHOAacapsl), reoJoTUs-MHHEPaIoTus
FBUTBIMJIAPBIHBIH TOKTOPEL, Tpodeccop, K. 1. Carnaes ThIHAAFbI Te0JI0T U FETBIMIAPhI HHCTUTY THIHBIH
nupekTopsl (Anmatsl, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HebOpacka yauBepcutetiHin Cy
FBUIBIMJIAPBI 3epTXaHachlHbIH qupekTopsl (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux mypaxaibiasig XKep Typais! FeutbiMaap OemiMinge
METPOJIOTHST JKOHE TMaijaybl Kazbanap KeH OpBIHIAAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurust) H =37

IMAH®UJIOB Muxaua bopucoBuY, TEXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBI, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, @pannms) H=15

HIEH Iwun, Ph.D, KpiTaii re0norusuibik KOFAMBIHBIH Tay FEOJOTHSIChI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapel, AMEpPUKAaH/IBIK SKOHOMHUKAJBIK TEOJOrTap KaybIMAACTHIFBIHBIH Mymieci (ITexuH,
Kprrait) H =25

OUIIEP Axcenab, Ph.D, J[Ipe3neH TEXHUKAIBIK YHHBEPCUTCTIHIH KaybIMIACTBIPBLIFAH
npodeccopsi (pe3nen, bepaun) H=6

KOHTOPOBHUY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUS FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTblHIaFEl MyHal-Ia3 TeOJIOTUsICHI J)KoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Buaagumup EHokoBH4Y, XHMMHS FbUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akazgemuri, JKana Matepuangap XMMHUsICbI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIMH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPUIFAH
npodeccops (Jpesznen, bepaun) H = 20

CEUTMYPATOBA Jseonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥YFA koppecniongent-myieci, K.M. CarnaeB arbingarbl [€0J0TUsI FBUIBIMAAPEI
HWHCTHTYTBI 3epTXaHaChIHBIH MeHrepyiici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB “Kanaii, Ph.D, xaybimaacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMU Taono, Ph.D, buxokk Munan yHUBEPCUTETI KaybIMIACTBHIPbUIFaH Ipodeccopbl
(Munan, Uranus) H =28
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I'naBnbIii perakTop

KYPHUHOB Mypar ’KypuHoBHY, TOKTOpP XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarponansHoit akagemun Hayk PecryOnuku Kazaxcran», reHepaibHbIH TUPEKTOP
AO «MHCcTUTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbI cekpeTapb

ABCA/IBIKOB BbaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKUX HAYK, MPOdeccop, OTBETCTBEHHBIH

cekperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauuc KyabicoBu4, (3aMeCTHTENb INTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axanemuk HAH PK, mupexrop HMHcruryTa Tmaporeomoruu u
reoskonorun uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKosraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomuTenb HCCICIOBaHMNA B OOJNACTH TETPOJOTHH K
MECTOPOXK/ICHUH TOJE3HBIX HCKomaeMbeIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Hancu, ®@panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kwurtaiickoro
Te0JIOTHYECKOr0 00MIecTBa, WieH AMEPHKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHblil mpodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepnmun) H =6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I'€0JI0r0-MHHEPATIOrHICCKUX HayK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baaaumup EHokoBHM4, 10KTOp XuMHYecKuX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTHTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dieonopa IOcymoBHa, OKTOp TIe0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, acconumpoBannsii mnpogeccop, HazapbaeB yHHBepcHTET
(Hypcynran, Kazaxcran) H = 11

®PATTHUHMU Iaoao, Ph.D, acconnunposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =35
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ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
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PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
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© K. Yelemessov, ‘D. Baskanbayeva, L. Sabirova, 2024.
Satbayev University, Almaty, Kazakhstan.
E-mail: d.baskanbayeva@satbayev.university

OPTIMIZATION OF TECHNICAL MEANS AND TECHNOLOGICAL
PROCESSES OF GAS COMPRESSION FOR THE MINING INDUSTRY
OF THE REPUBLIC OF KAZAKHSTAN

Yelemessov Kassym Koptleuevich — Satbayev University, Candidate of Technical Sciences,
Professor, Director of the Institute of Energy and Mechanical Engineering, e-mail: k.yelemessov(@
satbayev.university, Almaty, Kazakhstan, https://orcid.org/0000-0001-6168-2787;

Baskanbayeva Dinara Dzhumabaevna — Satbayev University, PhD, deputy director of the Institute
of Energy and Mechanical Engineering, Almaty, Kazakhstan, e-mail: d.baskanbayeva@satbayev.
university, https://orcid.org/0000-0003-1688-0666;

Sabirova, Leyla Bakhtiyarovna — Satbayev University, Candidate of Technical Sciences, Associate
Professor of the Department Technological Machines and Equipment, Almaty, Kazakhstan, e-mail:
l.sabirova@satbayev.university , https://orcid.org/0000-0001-8231-9944.

Abstract. Modern air compressors used in the mining industry have a high
margin of safety when operating in difficult conditions: This includes uneven terrain,
high temperature differences and work underground. Scientific research, complex
of theoretical and experimental studies, is carried out in order to obtain sound initial
data, to find principles and ways to create a new generation of compressors for use
in a mining field.

Air compressors are used in deep mines, including supplying clean air, since
there may not be enough air in the mine. The compressor can take in outside
air, compress and filter it, then feed it into the tunnel. It is necessary to choose
compressor equipment for use in mines very carefully; there are many potential
risks and limitations. The basic problem, its relevance — in this paper, the issues
related to the device, operation and the possibility of optimizing the design of a
screw compressor, gas compressor station in the mining industry are considered. The
methods used. The modeling of processes and the construction of flowcharts were
carried out using programs MathCad, Drawio, MS PP. A simplified mathematical
model of a screw compressor is obtained.

Key hypotheses and conclusions. Of the work carried out, the optimal regulator
capable of controlling the system with minimal energy consumption has been
determined. Originality. The relevance of the topic is explained by the fact that in
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Kazakhstan and other developing countries special attention is paid to the issue of
energy conservation. This requires an increase in the efficiency of gas compressor
equipment in general and compressor stations in particular.

The practical value is an optimal regulator capable of controlling the system
with minimal energy consumption.

Keywords: mining industry, screw compressor, gas compression, compression,
energy efficiency.
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npodeccop, DHepreTHKa jkoHE MallMHA yKacay MHCTHTYTBIHBIH JHUPEKTOpbl, AnMarbl, KazakcraH,
e-mail: k.yelemessov(@satbayev.university, https://orcid.org/0000-0001-6168-2787;

Backanb6aeBa Iunapa Kymaodaiikbi3bl - Cor6aeB Yausepcureti, PhD, DHepreTrka skoHe MalnHa
JKacay MHCTHTYTHI JHPEKTOPBIHBIH OpbIHOacapbl, AnmMarbl, Kazakcran, e-mail: d.baskanbayeva@
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AnHoramus. Tay-keH e©HepKociOiHIe KOJNJAHBUIATBIH —3aMaHayW aya
KOMITpEeCCOpIapbl KWBIH JKaraaiaapaa >KYMBIC iCTETeHAE JKOFaphl KayiIlci3mik
Map)kacklHa e OoIybl Kepek: Oyy Oipkenki emec penbed, TemIeparypaHbiH
’KOFaphbl ©3repyi, ’Kep acThIHAA KYMBIC icTey 00BN TadbuIabl. FHuUIbIMU-3epTTeY
KYMBICTapbl TCOPUSUIBIK JKOHE HKCIICPUMEHTTIK 3epTTeylep KeIleHi peTiHzae
Heri3/ieNnreH OacTankbl JepeKTep/i ary, )kaHa OybIH KOMIPECCOPIIAPBIH KYPYIbIH
NPUHIUITEP] MEH KOJIapBIH 3716y MaKCaThIH/IA JKY3ere achIpbliajpl. Tay-keH KeH
OHEPKICIOIH I KOMTaHbLIAIbI.

Aya xomIpeccopiapbl Kapbep/eri TepeH Maxranapia, COHBIMEH Karap Kep
acThl IIaXTaJapblH Ta3a ayaMeH KaMTaMachl3 €Ty YIIiH KOJJaHBLIATBIH HETiXTi
opi MaHbI3/IbI XKa0IBIK OOIBIT TaObLIa bl KoMIpeccop CHIPTKBI ayaHbl alblll, OHBI
KBICBITI, CY3iM, COMaH KeWiH TyHHenbre sxioepe amazpl. lllaxramappa xommaHyra
apHaJFaH KOMITPECCOPIIBIK a0 IBIKTHI TaHayFa 0Te MYKHUST Kapay Kepek, OUTKeH1
KOIITETeH BIKTHMAJ KayinTep MeH miekTeynep 0ap. JKyYMBICTBIH o3exkminiei — Oy
JKYMBICTA Tay-KeH OHEPKOCIOIHAETI ra3 KOMIIPECCOPIIBIK CTAHIUSHBIH OYpaH/IaiIbl
KOMITPECCOPBIHBIH KYPBUIBIMBIH OHTAHIaHABIPY KYPBUIFBICHIHA, )KYMBICHIHA JKOHE
MYMKIiHITiHe OalTaHBICTHI MacesIeNep KapacThIPbLIAIbL.
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Konoanvinzan aoicmep. llponecrepai Mmoaenbaey xoHe OJI0K-cxeManapabl Kypy
Mathcad, Draw io, MS PowerPoint sxone T.0. OarnapiamMaiapblH KOJIaHa OTBIPHIIT
Kyprizinmi. Heeizei eunomesanap men Kopvimuinoviaap. JKypri3inreH >KyMbICTBIH
HOTHXXECIHJE KYHEHI MUHMMAJIIbl SHEPTUS IIBIFBIHAAPBIMEH OacKapyFa KadineTTi
OHTaWJIbl PETTEYIi aHbIKTAIAbl. O3iHIIK epeKkmeniri. TaKpIPBINThIH ©3CKTUIIr
Kazakcranna xoHe Oacka Aa Iamyllbl eJIZiepie SHEpPrus yHeMIey MaceJeciHe
epeKiIe KeHiI OeliHeTiHAIriMeH Tycinaipineai. by skanmbl ra3 KOMIpeccopIbIK
XKaONBIKTBIH JKOHE aran aiTKaHga KeH OpBIHIAPABIFBl  KOMIIPECCOPIBIK
CTaHIMSIIAPIBIH THIMJIUTITIH apTTHIPY/IBI TAJAIl eTe/Ii.

Ipaxmuxaneix man - Oyl XKyHeHI MUHMMAJIbl 3HEPrUsl MIBIFBIHAAPBIMEH
Oackapyra KaOi1eTTi OHTaHIbl peTTeyILi.

Tyiiin ce3nep: Tay-keH eHepKaciOi, OypaHIalIbl KOMIIPECCOP, T'a3bl CHIFBIMAAY,
ra3ibl KbICY, JHEPTUS THIMJILIITI.

© K. Enemecos,* /1. backan6aeBa, JI. Cabuposa, 2024.
CarnaeB Yuuepcutet, Anmatsl, Kazaxcran.
E-mail: d.baskanbayeva@satbayev.university

OIITUMMU3ALINA TEXHUYECKUX CPEJACTB U
TEXHOJIOI'MYECKHUX ITPOHECCOB KOMITPUMHUPOBAHUSA
TA30B JJ151 TOPHOJAOBBIBAIOIIENA UHYCTPUU PECITYBJIUKH
KA3AXCTAH

Eaemecor Kaceim KenmiieyeBuy — CatriaeB YHUBEPCHUTET, KaHANAAT TEXHMYECKUX HAyK, Ipodeccop,
JIMPEKTOP HHCTUTYTa DHEPreTHKU U MalInHOCTpoeHus, Anmarsl, Kazaxcran, e-mail: k.yelemessov@
satbayev.university, https://orcid.org/0000-0001-6168-2787,

Backan6aeBa /JImnapa JI:xyma6aeBna — CarnaeB YHuBepcuteT, PhD, 3amectutens aupekropa
HWHCTHTYTa ODHEpPreTUKH W MamumHocTpoeHus, Anmarbl, Kasaxcran, e-mail: d.baskanbayeva@
satbayev.university, https://orcid.org/0000-0003-1688-0666;

CabupoBa Jleilia baxrusipoBna — CarnaeB VYHUBEpPCHUTET, KaHIUAAT TEXHUYECKUX HayK,
acconMpoBaHHBI npodeccop Kadeapsl TexHOIOrHYeCKHe MAlIMHBI U 00OpyHZOBaHHS, AJIMATHI,
Kazaxcran, e-mail: l.sabirova@satbayev.university , https://orcid.org/0000-0001-8231-9944.
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npu paboTe B CIIOXKHBIX YCIOBHSX: 3TO U HEPOBHBIN penbed, BEICOKUE Tepernaibl
Temreparyp, padora mox 3emieid. Hayunble nccienoBatenbckie pa3paboTKH, KakK
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Introduction

In order to transport gas in large volumes and over long distances, it is necessary
to compress the gas before feeding it into the main pipeline. Nowadays, gas
compression is energetically costly at any plant - that is why it is necessary to
optimise the operation of compressor equipment.

Optimisation of complex processes is one of the most important tasks in
improving the performance and efficiency of equipment. In recent years, screw
compressors have become popular in gas production, oil refining and chemical
production systems. The screw compressor (SC) is the most modern technological
solution for gas compression, which will replace the outdated noisy and energy-
intensive piston units (Zubarev, et al., 2016).

Screw compressors are being actively adopted in the oil and gas industry.
However, gas compression consumes a significant amount of electricity, so it makes
sense to optimise the operation of screw compressors to ensure minimum power
consumption (Mikhailov et al., 1989). Optimisation will be performed by means of
inputting an optimal regulator into the system, which will allow to regulate power
consumption at changing input and output values.

One of the methods for calculating the optimal controller is the minimum
energy control problem, the calculation of which will provide a controller
capable of controlling the system with minimum energy consumption, in the
case of overshoot, which can often occur at booster compressor stations (BCS).
Since booster compressor stations are mostly located in places where there is no
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electricity supply, and electricity is produced by generators, which work on gas
passing through the pipeline, so the issue of power consumption at the stations is
very important (Bezzubov, et al., 2002).

The aim of this work is: development of an optimal pressure regulator at the
outlet of a screw compressor, providing minimum energy consumption for gas
pumping. Comparative analysis of existing analytical methods of optimisation
in the sense of integral energy consumption in the presence of constraints on the
regulated variables.

In order to achieve the set goal, the following tasks should be solved:

- analysing the device of the screw compressor

- analysing the technology of the screw compressor

- selection of the main elements of the system

- selection of the method of optimisation of the developed system to reduce the
energy consumption;

- determination of optimality criterion and essential restrictions;

- development of a simplified model of the screw compressor;

Methods and Materials. This work is the first stage of a large cycle of research
and design works on creation and development of gas pumping and compressing
capacities for gas-industrial enterprises of the Republic of Kazakhstan. At the first
stage it is necessary to define the scheme of used gas pumping stations (GPS) and
the type of used gas pumping units (GPU).

In the course of this work the state of research in the direction of design of
gas pumping station structures and screw compressor devices has been analysed.
World leading databases Scopus and Web of Science were used for the analysis.
The basic block diagram of the gas compression unit was drawn up. With the help
of statistical information from the Bureau of National Statistics of the Agency
for Strategic Planning and Reforms of the Republic of Kazakhstan the optimal
characteristics of units and assemblies of the gas compressor station, which can
be applied to the enterprises of the Republic of Kazakhstan, were determined.
Modelling of processes and construction of block diagrams was carried out with
the use of MathCad, Drawio, MS PowerPoint and other programs. A simplified
mathematical model of a screw compressor was obtained.

Results and discussion. Selection of gas compressor unit type

Gas compressor stations (GCS) play a key role in the long distance transport of
natural gas. Compressors, being the ‘heart’ of the GPS, are responsible for increasing
the gas pressure to overcome pipeline resistance and ensure uninterrupted gas supply
to consumers. There are different types of compressors used in gas compressor
stations, each of which has its own advantages and disadvantages (Bykov, 2014,
Aimbetova, et al., 2023). The choice of gas compressor units (GCU) is an extremely
important stage in the design of gas compressor stations. This choice will largely
determine the further possibility of energy optimisation and reduction of energy
consumption of both the plant as a whole and the whole production chain.

The most common type of compressor units is the reciprocating type, the
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principle of operation of which is to compress the gas due to the reciprocating
motion of the piston. Piston compressor, has a simple design, due to which not high
price, on the other hand, it is less efficient at high gas flow rates. The operation
of the reciprocating compressor is quite noisy, the supply of compressed gas is
carried out by pulses, for smoothing which receivers are used, it has high energy
consumption, at high compression speed the system heats up (Internet resource, Tu,
Julius, 2020).

Gas compression by a centrifugal compressor is carried out in the following
way: due to rotation of the impeller blades the gas moves from the centre to the
edge of the wheel and as a result the gas velocity increases and compression takes
place, further the gas velocity decreases and re-compression takes place in the
circular diffuser where the kinetic energy of the gas changes into potential energy.
The centrifugal compressor has high capacity and no gas supply pulsations, but
there is a high probability of pomp, large size and high noise level of the blades, as
well as low efficiency of the compressor (Planovskiy, et al., 2015).

Compared to reciprocating and centrifugal compressor, screw compressor has
a number of advantages and disadvantages (Stosic, et al., 2005, Yanchik, 2018):

- the screw compressor saves energy by approximately 30% due to the screw
units and automatic gas supply control;

- in comparison with the reciprocating piston compressor, where gas is
compressed by reciprocating motion of the piston, and centrifugal compressor,
where gas is compressed by centrifugal force, the screw compressor compresses
gas by reducing its volume in the screw pair, due to which it has small size, low
noise and vibration level;

- screw units have excellent technical characteristics: efficiency up to 95%. No
need to convert the rotary motion of the motor into reciprocating motion of the
pistons, as well as a lower coefficient of friction significantly increase the efficiency
of the screw compressor.

- The screw compressor does not require a special foundation or a separate
room, which saves on installation and commissioning costs. The screw unit should
be serviced after 4000-8000 hours, while reciprocating compressors should be
serviced after every 500 hours of operation;

- long service life. Due to the simple lubrication and cooling system, as well as
the absence of a valve system, a screw compressor can operate for several years
without repair. As practice shows, the units can work without screw pair replacement
for 7-8 years, when during this time in the same conditions it is necessary to change
5 reciprocating compressors of similar capacity;

The screw compressor has some disadvantages, viz: - high price of the unit,
due to the structural complexity of the compressor, thus spare parts are much more
expensive (Novoselov, 2020);

- due to the lubrication system there is a need for a bulky oil separation system,
leading to an increase in the cost of manufacturing, weight and dimensions of the
compressor components;
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- screw compressors should not be used for aggressive gases;

- wear of the screw pair, when used in a dusty environment.

Based on the above advantages and disadvantages, we can conclude that screw
compressors have greater reliability, because it has a minimum number of rubbing
parts, energy consumption economy: the savings depends on the regulation system,
has a high resource and efficiency of work, because they are serviced after 4000-
8000 hours of operation.

Due to the presence of a bulky oil separator, the cost of the system, its weight and
dimensions increase significantly. Also, the type of gas to be compressed should be
taken into account, and the necessary conditions for its operation should be created
(Fleming, et al., 2015).

In all other cases, the rational choice is a screw compressor. Screw compressors
are the most common type of compressors for GPS due to their high efficiency, low
noise and vibration levels, and compact size. It is these compressors that are suitable
for implementation within the energy industry of the Republic of Kazakhstan.

Design of the compression unit circuit using a screw compressor

Screw compressor is a horizontal single-stage machine driven by an electric
motor, its design consists of a casing, driving and driven rotors and mechanical
seal. The main difference of this type of compressor is that the rotors are in meshing
with each other. The principle of compression is that when the screw pair rotates
as the paired cavities are released, the compressor working cavity is filled with gas
through the suction window. Due to the fact that the gas fills the hollows of the
driving rotor, the gas is compressed by the driven rotor (Scientific peer-reviewed
journal, 2019).

The screw compressor is chosen for implementation in the oil and gas industry
of the Republic of Kazakhstan due to its best characteristics, such as a wide
range of load variation, operating range, as well as low maintenance costs, so the
development of the project with the use of this type of compressor in the system
with minimal energy consumption is certainly relevant.

Secrew cOmMPressor
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Figure 1 shows the developed scheme of GPS using screw compressor.
Fig. 1. Schematic diagram of the gas compression unit

From the separation plants, the purified gas enters the screw compressor through
the electric valve No. 1. The drive is connected to the compressor via a coupling.
Oil is injected into the working area of gas compression through the electric valve
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No. 6, which cools the gas and provides lubrication of the rotors upon contact, as
well as their sealing. The mixture of gas and oil from the compressor through valve
No. 2 enters the oil separator (separator), where the gas is separated from the oil,
then enters the filter, where it undergoes additional oil purification, then enters the
gas cooler, then goes to its destination. The oil separated from the gas goes through
the cooling stage and is injected again into the screw compressor to lubricate
the bearings of the screw block. The oil and gas are cooled to the recommended
temperature in a special water cooler.

In case of failure of the screw compressor, the oil system is under pressure, in
this case, a shut-off valve No. 6 is provided, blocking the oil inlet to the compressor.
A shut-off valve is necessary to prevent oil from entering the compressor when it
is stopped, otherwise oil may fill the working cavity of the compressor, which will
make it difficult to start the installation later and may lead to a hydraulic shock
(Aimbetova, et al., 2024).

There are a small number of rubbing parts in the design of the screw compressor
and oil is used to prevent friction.

As a result of the oil supply to the working cavity of the compressor, the feed
coefficient increases, the compressor design is simplified and it becomes possible
to reduce the rotation speed.

Unlike oil-free compressors, in oil-fed compressors, part of the heat released
during compression of the gas is transferred to the oil, which significantly increases
the compression process. However, the oil coming out of the bearings helps to heat
the suction gas, therefore, the power of the machine decreases. In addition, the gas,
mixing with the oil, dissolves in it, which creates a number of adverse effects, such
as low volumetric efficiency and deterioration of the properties of the oil. Thus,
when calculating the characteristics of a screw compressor, it is necessary to take
into account the miscibility of the gas in the oil.

female rotor

shaft seal

male rotor

The design of a screw compressor for compressing associated petroleum gas is shown in Figure 1.2.
Fig. 2. Design diagram of a screw compressor

The screw compressor is a volumetric type machine, since the gas compression
process occurs due to a decrease in the closed volume. The compressor consists
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of a housing with a suction and discharge nozzles located diagonally. Cylindrical
bores are made in the housing and cover of the screw compressor for the drive and
driven screws of the compressor, which intersect with each other, the shaft of the
drive screw is connected to the electric motor. The teeth of the rotors are made
with different run—in profiles, the leading screw has more convex wide teeth, the
driven one is narrow and concave. To preserve the bilateral lateral gaps between
the teeth of the screws, their shafts are connected by synchronizing gears, which
eliminates the possibility of mutual contact of the screws, preferably for non-oil-
filled compressors.

In small compressors, rolling bearings are used, which are necessary to reduce
the axial forces acting on the screw pair, on the side of the electric motor - support
bearings, after the screw pair - angular contact bearings. Sliding bearings are used
in large compressors. Metal-ceramic seals of the stuffing box type are used as seals
of the screw shafts (GOST 24.104-85, 1985).

Design of the compression unit circuit using a screw compressor.

Before proceeding to the description of the GPA, it is necessary to present a
functional system for optimal control of the system, which provides for monitoring
and regulating the gas pressure at the compressor outlet. The functional diagram of
the system is shown in Figure 3.

P
U+ _;_'\U R Uy M |e CO |-Ex - P%
Uoc |7
|PS i

R - regulator; M - motor; CO- control object; PS- pressure sensor.
Fig. 3. Functional diagram of the system

On the basis of this functional scheme the characteristics of the main elements
of the GCU system are selected. Technical requirements for the system with screw
compressor are formed on the basis of the technical process flowing in GCU. The
basis for the selection of parameters of the GCU system, shown in Table 1, was the
data on the needs of energy enterprises of the Republic of Kazakhstan (data of the
Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the Republic of Kazakhstan).

Table 1 - Technical requirements for a screw compressor system

Number Parameter Value
1 Supply voltage 380 V+10%
2 Frequency 50 Hz
3 Operating temperature range, -15
4 Pressure control range, MPa 0,4t00,7
5 Regulation time, not more than, s 5
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6 Over-regulation shall not be allowed
7 Static error at pressure change within 0.5 2
MPa, not more, %

The technical requirements for the motor are formed on the basis of the
compressor in terms of power consumption, it is also necessary to take into account
the operating conditions, as it is used in gas compression system, the motor must
be made in explosion-proof version. Selected screw compressor should be, based
on the operating conditions, oil-filled type machine. It should provide compression
of associated petroleum gas with a maximum discharge pressure of 0.7 MPa and a
capacity of 20-22 m3/min. Full requirements to the technical characteristics of the
compressor are presented in Table 2.

Table 2 - Compressor performance requirements

Compressible | Capacity, m3/ | Suction Discharge |Rotor speed, | Engine Power,
gas min, pressure, | pressure, r/pm. type kW
MPa MPa
[Ipuponusrii 22 0,2 0,7 3000 O 200
ras

The oil-injected screw compressor (OIC) has low circumferential speeds (30 to
50m/s), therefore rolling bearings are used. In the suction and discharge chamber,
roller bearings are used to take radial loads and angular contact ball bearings are
used for axial loads. This compressor is low maintenance and has a long service life
of about 40000 motor hours, after which major overhaul is required. Asynchronous
three-phase AC motor with squirrel cage rotor AIR315M2 was chosen as the drive
of the screw compressor. This type of motor is made in explosion-proof version.
In order for the compressor drive to provide minimum energy consumption it is
necessary to perform optimal regulation. Within the framework of this work, such
a calculation will be made in the next step.

Conclusions

In this paper, the design and working principle of screw compressor has
been analysed in depth. It is a type of compressor that utilises two screw rotors
rotating in opposite directions to compress gas efficiently and smoothly. The main
elements of a screw compressor such as rotors, housing, control mechanism and
lubrication system were discussed. The key advantages of the screw compressor
over other types of compressors such as reciprocating compressors and centrifugal
compressors were highlighted. Screw compressors have high compression ratio
and low energy consumption, making them more economical to operate. Screw
compressors are characterised by low noise levels due to the smooth compression
process. Due to their simple design and the absence of friction between the rotors,
screw compressors have a long service life and require minimal maintenance.
Screw compressors can operate over a wide range of pressures and capacities,
making them versatile for a variety of applications. Based on the performance
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data obtained for the screw compressor, the main elements of the gas compressor
system were selected. It was important to ensure that the specifications of the gas
compression system were matched. As a result of the analysis, it was decided to use
an asynchronous motor with squirrel cage rotor. This type of motor is characterised
by its simple design, reliability and relatively low cost. It also has a high power
output, which is essential for the efficient operation of the screw compressor.
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