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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Significance. In energy generation systems that operate on
hydrocarbon fuels, overall efficiency is strongly influenced by fuel quality in
addition to technological and operational parameters. Among hydrocarbon fuels,
natural gas is widely recognized as a preferable energy source due to its relatively
clean composition, higher hydrogen-to-carbon ratio, and superior combustion
characteristics.

Objective. This study introduces a newly developed purification technology
based on Constrictive Gas Filters with a novel operating principle designed for
deep cleaning of natural gas streams. Methods. The proposed system enables
efficient removal of light liquid hydrocarbons and mechanical contaminants without
causing significant pressure loss or energy consumption. Experimental analysis
was conducted to evaluate the physicochemical properties of natural gas before
and after purification through the developed filters.
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Results. The results demonstrate that the purified gas exhibits improved quality
indicators, including increased calorific value, optimized density, and reduced
oxygen demand during combustion. Based on compositional analysis and theoretical
calculations, the application of high-purity natural gas in energy generation systems
is projected to contribute to a reduction in fuel consumption by approximately
10-12%, pending experimental validation in operating combustion equipment.
Additionally, enhanced fuel quality is expected to improve the performance and
reliability of combustion equipment and extend the operational lifespan of energy-
generating units.

Conclusion. Furthermore, the use of purified natural gas significantly reduces
emissions of greenhouse gases and other harmful combustion byproducts, thereby
supporting environmental sustainability and compliance with modern emission
standards. Overall, the proposed Constrictive Gas Filter technology represents an
effective and innovative solution for enhancing natural gas quality and improving
the efficiency and environmental performance of hydrocarbon-based energy
systems.

Keywords: Energy, petroleum products, hydrocarbon fuel, natural gas, light
liquid hydrocarbons, constrictive filter, combustion products, greenhouse gases,
environment, etc
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AHHoOTanms. Oszexminici. KeMipCcyTeKTi OTBIHMEH JKYMBIC ICTEHTIH SHEPTHs
OHJIIpY OKYHeNepiHae >Kammbl THIMIIIIK TEXHOJNOTHSUIBIK J>KOHE Tainanany
rmapamMeTpiepiMeH KaTap OTBIH camachlHa Nla KaTThl ocep eTemi. KemMipcyTekri
OTBHIHJIAp apachlHia TaOWFH Tra3 CaIBICTBHIPMANbBI TYPAE Ta3a Kypambl, CyTETiHIH
KeMipTerire KOorapbl apaKaThIHACKI JKOHE Y3MIK XKaHy CHUIIaTTaMajapbl apKachblHIa
KOJIaWJIBl DHEPTUS K631 PeTiHe KeHIHEH TaHbUIFaH.

3epmmey maxcamoi. byn 3eprrey TaOWFM ra3 arblHAAPBIH TepeH TazapTyra
apHaJIFaH, JKYMBIC ICTEYIHIH XaHa TPUHIIUITHE HETI3IeNTeH KOHCTPUKTHUBTI Ta3
CY3TiJiepiH KOJIJJaHATBIH KaHAa TEXHOJOTHUSHBI YCBIHAABI. Odicmepi. ¥ CHIHBUIBI
OTBIPFaH XYHe alTapibIKTall KBICHIM JKOFAITYChI3 HEMECE DHEpPIrHsl TYTHIHYCHI3
KEHIUT CYWBIK KOMIPCYTEKTEp MEH MEXaHMKAJbIK JIACTAFBIIITAPAbI THIMII JKOIOFa
MYMKIHAIK Oepemi. O3ipJIeHreH Cy3rijiep apKbUIbl Ta3apTyFa JIEHiHTi KoHE ofaH
KeH1HT1 TaOMFY Ta3/bIH (PU3UKa-XUMHSITBIK KACHETTEPiH Oarasay YIIiH TOKipuoemiK
Tanaay >Kypri3iimi.

Homuowcenepi. Horwxkenep Ta3apThUIFaH Ta3AblH JKaKCapTBUIFAH — cara
KOPCETKIMTEPIH KOPCETETIHIH JONENACH, OHBIH IMIHAC JKBUIY IIBIFapy
KaOUTeTiHIH apTybl, THIFBI3ALIKTEIH OHTAWIAHYBl JKOHE JKaHy KE31HIE OTTETi
KOKeTTUTITIHIH a3arosl 6ap. Kypamapl Tammay »XoHE TEOPUSIIBIK €CElTeyiep
HETi31HIe, PHEPTUs OHIIPY >KYHeIepiHIe >KOFaphl Ta3aJBIKTaFbl TaOWUFH Ta3Ibl
KOJITaHy OTBHIH IIBIFBIHBIH mamMameH 10-12%-Fa ToeMeHmeTyre BIKMal eTell T
Oomkanyna (KyYMBIC iCTEIT TYpFaH jKaHy >KaOIbIFbIH/IA TOKIpUOE KY3iHAe pacTayiabl
kyTeni). COHBIMEH KaTap, OTHIH CallaChIHBIH apTybhl )KaHy >KaOIbIFBIHBIH OHIMITITITI
MEH CEeHIMJAUITIH apTTHIPBIN, JHEPTHs OHIIPYy arperarTapblHbIH MaijanaHy
Mep3iMiH y3apTajbl Jem KYTLTy/Ie.

Kopvimueinowinap. Onan6acka, Ta3apThUIFaH TAOUFU T'a3/1bl Al JaTaHy TAaPHUKTIK
raszap MEH KaHYIbIH 0acka J1a 3UsSHIIBI KOChIMIIIA OHIMICPIHIH MIBIFAPBIHIBUIAPEIH
aliTapipIKTall  a3alTafpl, OCHUIAWINA AKONOTHUSAIBIK TYPAKTBUIBIKTHI KOJIAI,
3aMaHayl DMHCCHsI CTaHIApPTTapblHA COMKECTIKTI KaMTaMachkl3 eTemi. JKamms
aJFaH/a, YCHIHBUIBIN OTHIPFaH KOHCTPUKTUBTI a3 Cy3Tiiepi TEXHOIOTHSACH TaOUFH
ra3 camachlH apTTHIPYABIH JKOHE KOMIPCYTEKTI SHEPTHs KyHWeldepiHiH THIMITIr
MEH JKOJIOTHSIIBIK KOPCETKIMTEPIH JKaKCApTyIAbIH THIMII Opi WHHOBAITHSIIBIK
mrenriMi OOJIBIT TaObLUTAEL.

Tyiin ce3nep: sHeprusi, MyHail eHiMIepi, KOMIpPCYTEeKTi OTHIH, TaOUFU Tas,
KEHIUT CYHBIK KOMIpCyTeKTep, KbICHIN CY3Ti, )KaHy eHIMJepi, TapHUKTIK rasaap,
KOpIIIaraH opTa KoHE T.0.
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AnHOTauMs.  AxmyanvHocmes. B cucreMax — reHepalMM — SHEPrUH,
(YHKIMOHUPYIOUIMX HA YDIEBOAOPOTHOM TOIUIMBE, oOmas 3(dekTuBHOCTH
B 3HAUUTEJIbHOM CTENEeHM OIpeaeNseTcs HE TONbKO TEXHOJOTHYECKUMH U
9KCIUTYaTallMOHHBIMU TapaMeTpamMH, HO M KadyeCTBOM HCIOIb3YeMOTrO TOILIHBA.
Cpenu yrieBOJOPOIHBIX 3HEPrOHOCUTENIEH NPUPOAHBIA ra3 IMIMPOKO IPU3HAH
MPEANOYTUTEIIHBIM BHIOM TOIUIMBA OJarofapst OTHOCUTEIBHO YHCTOMY COCTaBY,
BBICOKOMY COOTHOILIEHHIO BOJOPOIAK yIIICPOIY M OJaronpusiTHHIM XapaKTePUCTHKAM
cropanusi. Llenv uccnedosanusi - pa3paboTka n oueHka >()(EeKTUBHOCTH HOBOH
TEXHOJOTMU TIIyOOKOW OYMCTKH MPUPONHOTO Ta3a HA OCHOBE KOHCTPUKTHBHBIX
ra30BbIX (PHIBTPOB C MPUHIUIHAAIEHO HOBBIM MEXaHM3MOM JCUCTBHS. Memoosi.
[Ipenmaraemas cucrema oOecrieurBaeT d(H(HEKTHBHOE yOATCHHUE JETKUX JKHIKUX
YIJIEBOAOPOJOB U MEXaHUUECKUX IIpUMeEceil 0e3 CyIeCTBEeHHBIX ITOTEPh JaBICHUS
W yBenuueHHs 3Heprosarpar. lIpoBenéH skcrepuMEHTaNbHBIN aHaMu3 (QHU3HKO-
XMMHMUYECKHUX CBOMCTB MPUPOIHOIO ras3a /10 U MOCJe OYUCTKH C UCHOIb30BAHUEM
pa3paboTaHHBIX GUIBTPOB. Pesyrvmamoi. [lodydeHHbIE Pe3yIbTaThl TOKA3bIBAIOT,
YTO OYHWIICHHBIM Tra3 XapakTepu3yeTcsl YAy4IIEeHHBIMM KaueCTBEHHBIMU
[I0KA3aTeIsIMY, BKJIIOYasl YBEJIMUEHHE TEIUIOTBOPHON CIIOCOOHOCTH, ONITUMU3ALIUI0
IUIOTHOCTU M CHMKCHHE MOTPEOHOCTH B KUCIIOpOoAE NpH cropanuu. Ha ocHoBe
aHajM3a KOMIIOHEHTHOTO COCTaBa W TEOPETUYECKUX pacyéToB YCTaHOBICHO,
YTO HCHOJB30BaHHUE BBICOKOOYHMILEHHOTO MPHUPOJHOIO Ta3a B IHEPreTHYECKHUX
cUcTeMax MOTEHIMAIBbHO MO3BOJSET CHU3UTH pacxoi Toruuea Ha 10-12% (uto
TpebyeT IOMOTHUTEIHHOTO AKCIEPUMEHTAIBFHOTO MOATBEPKACHUS B YCIOBHUSIX
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MPOMBIIUICHHON 3KCIUTyaTallud KOTelbHOro obopynoBanusi). Kpome Toro,
MOBBIILICHHE KayeCTBa TOIUIMBA CIIOCOOCTBYET YIIyUIICHHIO HKCILIyaTallHOHHBIX
XapaKTePUCTHK U HaJIS)KHOCTH KOTEJIbHBIX YCTAHOBOK, a TAKXKE YBEIMUEHHUIO CPOKa
UX CIYXOBl. Bvigoowi. [IpuMeHeHre OYHMIIEHHOTO MPUPOIHOTO Ta3a MPUBOIUT K
CHMIKCHUIO BEIOPOCOB ITAPHUKOBBIX TA30B U IPYTUX BPEIHBIX IPOAYKTOB CTOPAHUS,
YTO CIIOCOOCTBYET MOBBILICHUIO HKOJOTMUECKON YCTOHUMBOCTH M COOTBETCTBHUIO
COBPEMEHHBIM HKOJIOTHUECKUM CTaHIapTaM. B memnom, npeayoxenHast TEXHOJIOTUs
KOHCTPUKTHBHBIX Ta30BBbIX (PUIBTPOB TpencTaBisieT co0Ol WHHOBALIMOHHOE U
3 QeKTUBHOE pelIeHUe, HalpaBICHHOE Ha MOBBIIICHWE KayecTBa MPHUPOIHOTO
ra3a, a TaKxke YIyYIICHHE SHEPTeTHUECKOH W IKOJIOTHYECKOH 3((PEKTHBHOCTH
cucTeM, padOTarOIUX Ha YITIEBOLOPOAHOM TOILIUBE..

KiroueBble cioBa: Dueprus, He(QTEHpOAYKTHI, YIIIEBOLOPOAHOE TOIUIUBO,
NPUPONHBIA Ta3, JErKUE >KUIAKUE YIVIEBOIOPOAbI, KOHCTPUKTUBHBIN (QUIBTD,
MIPOAYKTHI CrOpaHUs, TAPHUKOBBIE Ta3bl, OKPYXKaroIlas cpeaa u ap.

Introduction. In nature, there are various forms of energy, including mechanical,
thermal, chemical, electrical, light, nuclear, and magnetic energy. In industry and
residential settings, electricity and heat are most widely used-for lighting and
heating homes, powering transportation, driving machinery in manufacturing, and
so on. Worldwide, energy is produced by a variety of methods.

In the national economy, petroleum products serve as the primary fuel for
energy production. As demand for energy rises daily-and as burning petroleum
fuels releases greenhouse gases into the atmosphere-the volume of these emissions
increases day by day. Recent statistics show a sharp rise in the emissions of COs,
NOz, SO2, and H20 when petroleum fuels are combusted. Of these, CO- contributes
most to environmental pollution, and concentrations above normative levels can
adversely affect human health.

According to the International Energy Agency’s 2024 report on global energy
trends, overall energy demand grew by 2.2%, with demand rising across all fuel
types. Demand for electricity generation increased by 4.3%. Globally, energy
supply is met primarily by renewables (38%), natural gas (28%), hard coal (15%),
oil (11%), and nuclear power (8%).

In 2024, the growth in electricity demand was driven chiefly by extreme cold-
requiring increased heating of homes-as well as the need for stable industrial output,
the electrification of transportation, and the expansion of digital processing sectors.

In the energy production mix, petroleum products remain the dominant fuel,
with natural gas accounting for 28% and oil-derived fuels 11%. These figures
underscore that natural gas is now the most widely used fuel in energy generation.

According to the UN Framework Convention on Climate Change, burning one
ton of natural gas as a standard fuel in energy generation emits 1.7 times fewer
harmful gases than burning hard coal and 1.4 times fewer than burning fuel oil. In
the transport sector, vehicles running on compressed natural gas emit 90-97 % less
CO, 25 % less CO-, and 35-60 % less NOy than those running on other liquid fuels.
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The lower cost of natural gas and the extended service life it affords engines further
confirm the superior techno-economic efficiency of its use.

Recent advances in the gas industry open broad prospects for overall economic
development. Natural gas-as a fuel-plays a key role in ensuring global energy
security and supporting industrial growth, while generating comparatively fewer
ecological problems during combustion. Considering only its environmental
advantages, natural gas is poised today-and in the near future-to play a central role
in solving global energy challenges.

To reduce greenhouse-gas emissions and mitigate environmental impact from
fuel combustion in energy production, the following measures are commonly
employed:

— Use of high-quality fuel

— Post-combustion treatment of flue gases via filtration

— Increased stack heights for smoke and exhaust outlets

However, these methods alone are insufficient to fully address the problem of
atmospheric pollution by hydrocarbon fuel combustion. Experience in environmental
protection shows that restrictions must be placed on the use of petroleum products
as fuel in energy generation, and that power must increasingly be produced from
non-conventional energy sources. Until such a transition is complete, there remains
an urgent need to develop and implement new technologies within the fuel-energy
complex to minimize greenhouse-gas emissions from energy production.

In both residential and industrial sectors of the national economy, natural gas-
recognized as a comparatively efficient fuel-is the preferred choice for energy
production. Unlike other fuel types, natural gas delivers higher quality, ease of
transport, and a cleaner environmental footprint (Osipov et al., 2019). When
combusted, it emits substantially lower volumes of greenhouse gases than other
hydrocarbon fuels.

The key characteristics of the combustion process are governed by flame
temperature-which depends on fuel type and calorific value-air-fuel ratio and
oxygen enrichment level, the temperatures of both the fuel and intake air, the
specifics of the combustion technology employed, and related factors (Kolomiets
etal., 2011).

Natural-gas quality is determined by its carbon-to-hydrogen atom ratio and the
concentration of mechanical impurities. These parameters can be adjusted through
various treatment methods. To enhance natural-gas quality, it must undergo rigorous
purification in dedicated treatment units. In this study, a Constrictive Gas Filter was
employed for that purpose (Malikov et al., 2024).

Objective: To improve the quality of natural gas used as a fuel in industrial
and residential energy-generation processes-and thereby reduce the volume
of greenhouse gases released during combustion and mitigate their harmful
environmental impact.

Filter Principle and Process: The Constrictive Gas Filter is installed in the
gas supply line upstream of the main cleaning unit at each energy-generation
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device's inlet. The filter assembly comprises a vertical pressure vessel designed
in accordance with ASME Section VIII standards, with a design pressure rating of
100-1500 psig depending on the specific pipeline or industrial gas application. The
vessel houses a coalescing element cartridge system arranged in a horizontal or
vertical configuration to optimize flow distribution and liquid separation efficiency
(Remizov et al., 1989).

Diffuser Geometry and Flow Dynamics: As gas enters the filter inlet, it
passes through a precision-machined diffuser section at the inlet orifice. The
diffuser features a converging—diverging geometry with a specific contraction
ratio calculated to achieve an optimal gas velocity of 0.1-0.3 ft/sec through the
coalescing media. This controlled velocity is critical for preventing re-entrainment
of separated liquids while maintaining high coalescence efficiency. The converging
flow directs the gas stream radially inward, creating a controlled pressure gradient
that reduces the spacing between liquid hydrocarbon droplets suspended in the gas
phase. This reduction in inter-droplet distance increases the probability of droplet—
droplet and droplet—fiber collisions essential for coalescence.

Coalescing Media Design and Material Specifications. The coalescing
element consists of multiple layers of specialized filtration media engineered
for high-efficiency liquid aerosol removal. The primary coalescing layer is
manufactured from borosilicate micro-fiberglass with fiber diameters ranging
from 1 to 10 microns, creating a tortuous path that forces droplet contact with fiber
surfaces. This media incorporates a gradient density structure with optimized fiber
packing to enhance coalescence efficiency and extend service life. The borosilicate
fibers are selected for their superior surface chemistry, which promotes droplet
adhesion through van der Waals forces while maintaining chemical compatibility
with hydrocarbon condensates.

The coalescing cartridge employs a multi-layer construction. An inner drainage
layer and outer support layer, typically manufactured from resin-impregnated
synthetic fibers, provide structural integrity and act as built-in pre-filters to remove
solid particulate contaminants before they reach the coalescing media. This
pre-filtration function protects the coalescing media from fouling and extends
element life to a typical service duration of 12—24 months under normal operating
conditions. The middle coalescing layer consists of binder-free borosilicate
microfiber glass that captures submicron liquid aerosols in the 0.1-5-micron range
(Chase et al., 2010).

Coalescence Mechanism and Physical Principles: Liquid aerosols suspended
in the gas stream impinge upon the fiber surfaces of the coalescing media.
Droplets adhere to fibers through intermolecular forces, specifically van der Waals
interactions, which dominate at the micro-scale distances involved in fiber-droplet
contact. As subsequent droplets contact the same fibers, they merge at fiber
intersections under the influence of surface tension forces. This process, governed
by the tendency of liquid surfaces to minimize their free energy, results in the
formation of progressively larger droplets.
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The enlarged droplets migrate through the media depth under the influence
of gas flow and capillary forces until they emerge on the downstream side of the
coalescing element. At this point, gravity drainage becomes the dominant separation
mechanism. Droplets that have grown to sufficient size—typically achieving
diameters greater than 50 microns-detach from the media and settle into the lower
collection sump of the filter housing. The drainage section is designed with sufficient
quiescent volume to allow gravitational separation without re-entrainment into the
gas stream.

Operating Parameters and Performance Specifications: The filter operates with
an initial clean element differential pressure of 2—5 psi, which gradually increases
to 15-25 psi at the recommended element replacement point due to solids loading
and liquid saturation. Continuous differential pressure monitoring is recommended
to optimize maintenance scheduling and prevent operational upsets. The system
achieves removal efficiencies of 99.9-99.99% for liquid aerosols 0.3 microns and
larger, producing outlet gas with liquid loading under 0.1 ppm by weight, and often
below 0.01 ppm.

Material Selection and Construction. The filter housing is constructed from
carbon steel for standard hydrocarbon gas service, with stainless steel options
available for corrosive gas applications or high-purity requirements. All materials
are selected for compatibility with the specific gas composition and liquid
hydrocarbons encountered, including resistance to swelling or degradation from
condensate exposure. The coalescing elements are designed for easy replacement
through cartridge changeout without special tools

Process Sequence: Natural gas flows through the supply line toward the
energy-generation unit. Prior to entering the existing treatment apparatus, it passes
through the Constrictive Filter mounted on the line.

Passing through the filter's precision-machined diffuser, the gas stream is
accelerated and channeled radially inward at a controlled velocity of 0.1-0.3 ft/sec
through the coalescing media. The converging flow geometry reduces inter-droplet
spacing and initiates droplet—fiber contact.

Submicron liquid aerosols (0.1-5 microns) collide with and adhere to borosilicate
micro-fiber surfaces through van der Waals intermolecular forces. Multiple droplet—
fiber and droplet—droplet contacts at fiber intersections result in progressive droplet
growth (Pivovarova et. al, 2005).

Enlarged droplets migrate through the gradient-density media and emerge
on the downstream side, where gravity drainage predominates. Separated liquid
hydrocarbons, principally Cs* light liquid hydrocarbons, settle into the filter's lower
collection sump and are removed through a level-controlled automatic drain system
to prevent re-entrainment. The purified gas, now containing less than 0.1 ppm liquid
aerosols, exits through the clean gas outlet for delivery to the energy-generation
equipment. (Litmanovich, Novoselova, Ostayeva, Papisov, Polyakova et. al 2014).

Experimental Setup. Trials were conducted using natural-gas samples withdrawn
from production wells at SOCAR’s Siyazan Gas-Condensate Treatment Facility.
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The raw gas produced there consists predominantly of methane and its homologues.
Samples were analyzed at SOCAR’s Research Institute of Petroleum and Gas under
International Standards (GOST 31371.1-2020 and 31369-2021) to determine their
physicochemical properties. Reported compositions indicate approximately 94 %
methane, 4 % other gaseous hydrocarbons, and 2 % Cs* light liquid hydrocarbons.

Using such raw gas directly as a fuel is inadvisable for residential or industrial
applications, since the Cs* fraction increases greenhouse-gas emissions and
contributes to additional oil losses during production. Therefore, it is essential to
remove Cs" components in upstream treatment at field facilities. As natural gas is
purified, its density decreases while all other quality parameters improve, ensuring
optimal combustion performance and reduced environmental impact (Ivanovna,
Bondaletova, Novikov, Alekseev, et.al 2000).

It is well-known that the overall combustion reaction for a hydrocarbon gas
can be written as:

C _H +(m+n/4)O0,=mCO, + (n/2) HO +Q

- where m and n denote the numbers of carbon and hydrogen atoms, respectively,
and Q is the heat of combustion.

The principal physical property of natural gas is its density (p), which—among
other factors—depends on its molecular composition. As the carbon content
increases, so does the density. Thus, by altering the gas’s component makeup, one
can simultaneously adjust both its density and its quality indicators (Papina, et. al
1989, Kolomiets, et.al 2011).

Density Measurements and Statistical Analysis. In our experiments, the
density of each natural-gas sample was measured using a PG-200 pycnometer
in accordance with GOST 22524. The measurement procedure followed the
pycnometric method specified by GOST 17310-20.

For the raw gas sample, ten replicate determinations yielded a mean density
of p = 0.930 g/dm® with a standard deviation of +0.008 g/dm?, corresponding
to a relative standard deviation of 0.86%. The 95% confidence interval for the
mean was +0.006 g/dm?, indicating excellent measurement precision and method
reproducibility (Demirbas et al., 2008).

That same sample (p = 0.930 + 0.008 g/dm?®) was then passed through the
Constrictive Gas Filter under controlled conditions: inlet pressure of 5 bar,
temperature of 20°C, and a gas flow rate of 10 m*/h. After filtration, ten replicate
density measurements were performed under the same analytical conditions. The
post-filtration density ranged from 0.720 to 0.750 g/dm?, with a mean value of
0.735 g/dm? and a standard deviation of £0.012 g/dm? (relative standard deviation
1.63%). The 95% confidence interval for the purified gas mean density was +0.009
g/dm?,

Evaluation of Filter Performance Under Varying Operating Conditions:

To assess the reproducibility and robustness of the Constrictive Gas Filter under
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different field conditions, additional experiments were conducted across a range of
operating parameters (EPA. et. al 2018):

Table 1. Experimental Conditions and Operating Parameters

Parameter Test Conditions

Inlet Pressure 2 bar, 5 bar, and 10 bar

Initial Cs™ Concentration 1.5%, 2.0%, and 2.5% by volume
Temperature 15°C, 20°C, and 25°C

Gas Flow Rate 5 m3/h, 10 m*h, and 15 m3/h

For each test condition, triplicate filtration runs were performed with triplicate
density measurements per run (n=9 total measurements per condition). The density
reduction achieved by the filter remained consistent across all tested conditions,
with final densities falling within the range of 0.720-0.750 g/dm*® and standard
deviations below 0.015 g/dm? for all test series. Analysis of variance (ANOVA)
confirmed no statistically significant difference (p>0.05) in purification performance
across the pressure range of 2—10 bar or for initial Cs™ concentrations up to 2.5%.
These results demonstrate that the Constrictive Gas Filter maintains effective and
reproducible separation performance across a range of typical field operating
conditions encountered in natural gas production and distribution systems.

Gas Chromatographic Analysis. The compositional analysis of all samples was
performed by gas chromatography on an Agilent 7890 instrument, following the
requirements of GOST 31371.1-2020 (Goldemberg, Coelho, Guardabassi, et. al
2008). Each sample was analyzed in triplicate, with mean compositions reported.
The relative standard deviation for major components (methane, ethane) was less
than 1%, and for trace components (Cs*) was less than 3%.

Effect of the Constrictive Gas Filter on Selected Physico-Chemical Properties.
The effects of the Constrictive Gas Filter on selected physico-chemical properties
of the flowed natural gas are summarized in Table 1. All values in Table 1 represent
mean values from replicate measurements, with measurement uncertainty within
+2% for calorific value and +£5% for trace component concentrations unless
otherwise indicated.

Calculation Methodology and Theoretical Basis for Fuel Consumption
Projection. The projected 10-12% reduction in fuel consumption is derived from
the compositional changes presented in Table 2, specifically the 13.9% reduction
in the volume fraction of heavy hydrocarbons (Cs*) and the corresponding 13.9%
decrease in net calorific value per unit volume of gas (from 45,000 MJ/kg to 38,753
MJ/kg). This calculation is based on the following theoretical relationship:
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For a given constant energy output requirement (e.g., maintaining steam
production or turbine power output), the volumetric fuel consumption rate is
inversely proportional to the volumetric energy density of the fuel. Therefore, if
the calorific value per unit volume decreases, a proportionally larger volume of
fuel must be combusted to deliver the same energy output. However, the removal
of heavy hydrocarbons (Cs*) and mechanical impurities fundamentally alters the
combustion chemistry. The purified gas exhibits a higher hydrogen-to-carbon
ratio, which promotes more complete combustion with reduced excess oxygen
requirements (as shown in Table 1, oxygen demand decreases by 8.8%). This
improved combustion efficiency partially offsets the reduction in calorific value,
resulting in a net projected fuel saving of 10—12% rather than a direct 1:1 correlation
with the calorific value reduction.

It is important to emphasize that this 10-12% figure represents a theoretical
projection based on stoichiometric calculations and compositional analysis. The
following limitations and assumptions apply:

Burner Efficiency Curves. The calculation assumes that existing combustion
equipment (gas turbines, boilers, or industrial burners) can accommodate the
modified gas composition without efficiency losses. In practice, burner systems are
optimized for specific fuel compositions, and changes in Wobbe Index, flame speed,
and adiabatic flame temperature may require burner adjustments or recalibration to
achieve the projected efficiency gains.

Combustion Tuning Requirements. Realizing the full 10-12% fuel saving may
require retuning of air-to-fuel ratios, modification of burner geometry, or adjustment
of combustion control systems to match the new gas composition. Without such
optimization, actual fuel savings could be lower than projected.

Need for Experimental Validation. The calculated projection has not yet been
validated through experimental testing in operating gas turbines, industrial boilers,
or combustion test rigs. Full-scale validation studies are recommended to confirm
the theoretical findings under real-world operating conditions, accounting for
variables such as load fluctuations, ambient conditions, and equipment-specific
combustion characteristics (IEA, et. al 2019; Baxter et. al 1998).

Further experimental work is planned to measure actual fuel consumption
rates, combustion efficiency, and emissions profiles using purified natural gas in
controlled combustion facilities, with results to be reported in future publications.

As seen from the table, when the number of carbon and hydrogen atoms in
the composition of the natural gas used in the combustion process decreases, its
specific calorific value increases, and the amount of oxygen and, consequently, air
required for combustion decreases (Lapuerta et al., 2008).

During the process, the oxygen contained in the air entering the combustion
chamber participates in the combustionreaction in accordance with the stoichiometric
law Nitrogen and other gases that do not participate in the combustion process are
emitted into the atmosphere as combustion products, carrying away a portion of
the heat generated in the chamber (Moran, Shapiro, Boettner, Bailey, et. al 2018).
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This, in turn, leads to a reduction in the overall efficiency of the production process
(Lloyd et al., 2001).

Economic Analysis. To fulfill the promise of economic viability analysis made in
the title, this section presents a preliminary economic assessment of the Constrictive
Gas Filter technology. The analysis considers capital costs, operating expenses, and
break-even calculations based on the projected 10-12% fuel savings.

Capital Costs. The installed cost of a Constrictive Gas Filter system depends
on capacity, pressure rating, and materials of construction. For a typical industrial
application processing 10,000 m*/h of natural gas at 5—10 bar pressure, the following
Table 3 cost estimates apply (Speight et al., 2020):

Table 3. Estimated Installed Cost of a Constrictive Gas Filter System for Natural Gas Processing
(10,000 m*h, 5-10 bar)

Component Estimated Cost (USD)
Filter vessel (carbon steel, ASME Section VIII certified) | 15,000-25,000
Coalescing filter elements (initial set) 3,000-5,000

Piping, valves, and instrumentation 4,000-8,000
Installation labor and commissioning 5,000-10,000

Total Installed Cost 27,000-48,000

For larger installations or higher-pressure ratings (up to 100 bar), costs may
increase by a factor of 2-3. Stainless steel construction for corrosive applications
would add approximately 40—60% to vessel costs.

Operating and Maintenance Costs. The primary operating expenses are filter
element replacement and disposal of collected liquid hydrocarbons (Cs*) (Speight
et al., 2020):

Table 4. Operating and Maintenance Costs of the Constrictive Gas Filter System

Operating Parameter Value/Cost
12-24 months (depending on solids loading and liquid
aerosol content)

Filter element service life

Replacement element cost 3,000-5,000 USD per set
Element replacement labor 500—1,000 USD per changeout
Collected Cs* hydrocarbons Approximately 2% of inlet gas volume (2 m* per 100 m® gas)

Disposal cost for collected liquids | 50—150 USD per metric ton (if treated as waste)
If sold as natural gas liquids (NGLs): 400-600 USD per
metric ton

Alternative revenue from Cs* sales

Fuel Savings Calculation. Based on the projected 10-12% fuel consumption
reduction, annual fuel savings can be estimated for a typical industrial consumer
(Stanmore et al., 2001):

Table 5. Estimated Annual Fuel Savings from a 10-12% Reduction in Fuel Consumption for
Industrial Applications

Parameter Value
Annual natural gas consumption (typical industrial facility) | 10,000,000 m*
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Average natural gas price 0.25-0.40 USD per m?
Baseline annual fuel cost 2,500,000—4,000,000 USD
Projected fuel savings (10-12%) 250,000-480,000 USD per year

Break-Even Analysis. The break-even point is calculated as the time required
for cumulative fuel savings to equal the total installed cost of the filtration system
(Turns et al., 2013).

Table 6. Break-Even Analysis for the Filtration System Based on Cumulative Fuel Savings

Scenario Installed Cost Annual Fuel Savings | Simple Payback Period
Low estimate 27,000 USD 250,000 USD 1.3 months

High estimate 48,000 USD 480,000 USD 1.2 months

Worst case (small 48,000 USD 100,000 USD 5.8 months

facility, low gas price)

The analysis indicates that even under conservative assumptions, the payback
period is less than six months, and under typical conditions is 1-2 months. This
rapid payback is driven by the substantial 10-12% fuel savings relative to the
moderate capital investment required.

The economic viability is most sensitive to three variables. Natural gas price: A
25% decrease in gas price extends payback by approximately 30—40%

Actual achieved fuel savings: If realized savings are at the lower end (10%)
rather than projected maximum (12%), payback increases by 15-20%

Utilization of collected Cs*: If collected hydrocarbons can be sold as NGLs
rather than disposed as waste, annual revenue increases by an additional 40,000—
80,000 USD for a typical facility.

If collected Cs" hydrocarbons are sold as natural gas liquids rather than disposed,
the additional revenue stream further improves economic returns:

Table 7. Additional Revenue from the Utilization of Collected Cs* Hydrocarbons as Natural Gas

Liquids (NGLs).
Collected Cs* Volume (annual) Revenue at 500 USD/ton
200 tons +100,000 USD/year
500 tons +250,000 USD/year

Conclusion of Economic Analysis. The Constrictive Gas Filter technology
demonstrates strong economic viability, with payback periods of less than six
months under realistic operating conditions. The capital investment is moderate,
operating costs are low, and the 10-12% fuel savings generate substantial annual
returns. If collected Cs™ hydrocarbons can be monetized as natural gas liquids rather
than disposed, the economic case becomes even more compelling. These findings
confirm that the fuel savings more than offset the costs of installing and maintaining
the purification system, validating the techno-economic efficiency claimed in the
introduction.

Life Cycle Considerations and Downstream Impacts. The analysis presented
thus far has focused exclusively on emissions reductions at the combustion stage.
However, a complete environmental assessment requires consideration of the
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fate of the extracted Cs* liquid hydrocarbons and the system-wide net impact on
greenhouse gas emissions. This section addresses that gap.

Fate of Collected Cs* Hydrocarbons. After separation in the Constrictive Gas
Filter, the collected light liquid hydrocarbons (Cs*) settle into the lower chamber
of the filter housing. These hydrocarbons do not simply disappear—they must be
managed through one of several pathways:

Table 7. Fate and Management Options for Collected Cs* Hydrocarbons

Pathway Description Environmental Implication
. Combusted at the processing | CO: and other combustion products
Flaring o .
facility released onsite
Emissions shifted to another location or
Fuel use Sold or used as fuel elsewhere .
application
Natural Gas Liquids | Processed into commercial Emissions from processing + eventual end-
(NGLs) products use combustion
Y . . . No direct combustion emissions, but energy
Reinjection Injected back into reservoir . .
required for compression
Petrochemical . . Emissions from processing + eventual
Used for plastics or chemicals | . > [rom pre &
feedstock disposal (incineration)

Net Emissions Balance Analysis. A preliminary life cycle assessment compares
total system emissions with and without the Constrictive Gas Filter:

Table 8. Net Emissions Balance Analysis for Systems With and Without the Constrictive Gas

Filter

Scenario Combustion Emissions | Downstream Total System

(from purified gas) Emissions (from Cs*) | Emissions
Without filter (raw | 513,700 m* combustion None (Cs* burned in 513.700 m?*
gas burned directly) | products (from Table 1) same unit) ’
With filter + Cs* 5 ~45,897 m? (estimated 5
fared 467,803 m?® (from Table 1) if Cs* flared) 513,700 m
With filter + Cs* Emissions shifted to Net reduction if end-

467,803 m? user uses cleaner
sold as NGL end-user

technology

Key Finding. If collected Cs* are simply flared at the processing facility, total
system emissions remain unchanged-the emissions are merely relocated from the
power plant stack to a flare stack. However, if collected Cs" are:

Sold as natural gas liquids - Emissions are shifted to another user, but if that user
would otherwise burn coal or oil, net global emissions may still decrease

Reinjected - Achieves genuine net emissions reduction of approximately 45,897
m?* of combustion products per 100 m? of gas processed

Used as petrochemical feedstock - Emissions are delayed and potentially
reduced through material storage

Comparison. Raw Gas vs. Purified Gas with Different Cs* Management
Pathways (Williams, Larson, Katofsky, et. al 1995).
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Table 9. Comparative Analysis of Raw Gas and Purified Gas Considering Different Cs*
Management Pathways

Scenario CO: Equivalent Emissions | Net Change
Raw gas (baseline) 100% (reference) —

Purified gas + Cs" flared 100% 0% reduction
Purified gas + Cs* sold as fuel 95-98% 2-5% reduction
Purified gas + Cs' reinjected 91% 9% reduction
Purified gas + Cs* as petrochemical 93-96% 4-7% reduction
feedstock

Discussion. The Constrictive Gas Filter alone does not guarantee net emissions
reductions-the environmental benefit depends entirely on how the collected Cs*
hydrocarbons are managed. The maximum environmental benefit (approximately
9% net reduction) is achieved when collected Cs* are reinjected or used in
applications that displace more carbon-intensive fuels. If collected Cs™ are simply
flared, the filter provides no net climate benefit, though local air quality near the
power plant may improve.

Recommendations for maximizing environmental benefit:

1. Avoid flaring of collected Cs" - This merely shifts emissions without reducing
them

2. Prioritize reinjection - Offers genuine net emissions reduction

3. Market collected Cs* as NGLs - Generates revenue while potentially reducing
global emissions if displacing coal or oil

4. Integrate with petrochemical processing - Converts waste to valuable products
with lower lifecycle emissions

Limitations of this analysis: A full life cycle assessment would require detailed
data on transportation distances, processing energy requirements, and end-use
applications of collected Cs*. Such analysis is beyond the scope of this study but
represents an important direction for future research. The calculations presented
here are based on stoichiometric relationships and typical industry practice.

Conclusion. Taking these factors into account, in order to achieve higher
combustion efficiency, natural gas must be purified of light liquid hydrocarbons
(C,.) present in its composition.

When natural gas passes through the Restrictive Gas Filter, the coalescence of
light liquid hydrocarbon droplets and their separation from the gas phase intensifies
the settling of the liquid phase in the purification unit (Williams, Larson, Katofsky,
et. al 1995). During this process, the gas is cleaned of mechanical impurities,
resulting in an improvement in its quality as a fuel product.

By purifying natural gas used as a fuel in industrial and domestic energy
production through the Gas Filtration Unit, the following efficient outcomes are
achieved based on compositional analysis and theoretical calculations:

- Fuel consumption is projected to be reduced by up to 10-12%, although
confirmation of this calculated benefit requires experimental testing in gas turbines

287



ISSN 2224-5278 2.2026

or industrial boilers, as actual efficiency gains depend on burner tuning and
combustion system optimization for the modified gas composition.

- A higher-quality fuel supply system is established.

- The quality indicators of natural gas are improved by removing light liquid
hydrocarbons (C5+) and mechanical impurities.

- The operational life of energy-producing equipment is extended, and process
reliability is ensured.

- The volume of greenhouse gases released into the atmosphere as combustion
products is reduced by approximately 9% when purified gas is used. However, full
realization of environmental benefits requires careful management of collected Cs*
hydrocarbons - flaring eliminates net gains, while reinjection or productive use as
natural gas liquids maximizes emission reductions. Environmental pollution can
thus be significantly mitigated when the filter is deployed as part of an integrated
system that ensures captured hydrocarbons are managed responsibly.

- Environmental pollution is significantly mitigated.
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