ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

NEWS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF
GEOLOGY AND TECHNICAL SCIENCES

Ne5
2026



ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

D>
AA\& A
—
il

CENTRAL ASIAN ACADEMIC
RESEARCH CENTER

@;’g? %’@%
v

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN,
SERIES OF GEOLOGY AND TECHNICAL
SCIENCES

5 (479)

September — Oktober 2026

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, 2026



2 Clarivate
Analytics

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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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.
webofscience.com/wos/author/record/53680261

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)

CoberBennnk: TOO «LlenTpanbHO-A3HaTCKH aKaeMHIECKUil HayuHbIH HEHTP» (T. AJMaThl).

CBHIETEIBCTBO O TIOCTAHOBKE HA YydYeT IEPHOAMYECKOro medaTHoro usfganus B Komurere wnHbOpManuu
Munucrepersa nHopManuu 1 koMMyHHKanuid u PecrmyOmuku Kaszaxcran N° KZ50VPY00121155, BeinanHOe
05.06.2025 .

TemaTuueckast HANPABICHHOCTb: 2€0/102Usl, 2UOPO2EON02Us, 2e02Papus, 20pHOe 0eNo U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios

IepronuunocTs: 6 pa3 B TOA.

http://www.geolog-technical kz/index.php/en/

© TOO «llenTpanbHo-A3MaTCKMi akageMUYECKUi HayuHbIi HeHTp», 2026.



ISSN 2224-5278 5.2026

CONTENTS

Akbayeva L.KH., Akhmetova Zh.A., Doskenova B.B., Aktayev M.R., Baubek N.A.
Assessment of the Radiocapacity of Atomic Lake at the Semipalatinsk
INUCICAT TESE STLC...eeuvevieeierietietieiierteeteetteteeteetteteeteetteseeseessessesseeseessenseessessensesssessesesssessesesseassens 8

Aliyev L.N., Kazimov Sh.P., Mammadova G.G., Manafov R.G., Gurbanov G.A.
Measures for Removing Carbonate Scale Deposits Formed in the Wellbore and
DoWNhole EQUIPIMENL......cciiiiiiiiiiiieieiecieet ettt ettt b e sae et esbesse et essesaeeseense s 26

Azizov B.M., Mammadov H.N.
Some Aspects of Predicting Underground Hydrocarbon Reserves Based on Multispectral
SALEIILE TMAZETY...cuvivieeieieetietieie ettt ettt ettt et et e e st et e sseeseesaesseeseesbeseessensenseeseessensas 45

Baibatsha A.B., Duczmal-Czernikiewicz A., Bulegenov K., Muratkhanov D.
Geology of the Formation of Mineral Associations in the Arganaty Ore Occurrence
(Eastern Balkhash), KazakhStan.............ccoecveiiiiiieieiieniieieiesieecee et 62

Bashirov R., Zakenov S., Rzaev E., Bashirova G., Nurshakhanova L.
Scientific Principles for Selecting Powder Materials for Laser Cladding in the Restoration
of Components in the Oil and Gas INAUSIIY..........ccvevuiririerieiicieiee e 74

Beisseyev S.A., Dossaliyev K.S., Tulekbayeva A.K., Alsheriyev E.T., Ivakhnyuk G.K.
Recommendations for Hazard Identification and Occupational Safety Risk Analysis
Considering Geological and Technical FaACtOrS........c.ccveveviiiiieieiiiiiieieiesie e 89

Dossymbekova Zh.B., Issayeva L.Z., Assubayeva S.K., Zhumabay N.Zh., Baudagulova G.T.
Petrophysical Characteristics of Bayan Deposit Rocks and Scheelite Deposition
With Rare Earth TMPULILIES.......c.eecviriiiiiieiecii ettt eb e b et aeeeas 109

Galiyev S.Zh., Annakulov T.J., Sabirova L.B., Axanaliyev N.E.
Mathematical Modeling of the Dependence of Open-Pit Excavator Productivity on Particle
Size Distribution and the Loosening Coefficient of Blasted Rock Mass...........cccccevvveieriennenne 125

Guvalov A.A., Aghazade ML.E., Ibraimbayeva G.B., Stanevich V.T., Vyshar O.V.
Study of Ash Obtained from Household Waste Incineration as a Mineral Additive................ 142

Iovbak A.S., Sennikov M.N.
Modelling of Hydraulic Flow Redistribution in Parallel Pump Systems............cccccoeveienuennene 160

KosolapYu.G., KropisYu.N., Nikitina V.A., Kononenko R.V., Komar E.V.
Prediction of the Thermal Conductivity of Aqueous Electrolyte Solutions for
Calculations of Mining and Geological SYStEMS.........c.evieieriiriiieierieeieieie e 177

Krasikov V.A., Losev A.N., Nikanorov M.S., Kukartseva S.V., Tsyganko E.N.
Prediction of Crushing Equipment Productivity at Mining Enterprises Using
the Random Forest AlOrithim..........cc.ccueiiiiiiieiieii e 192



ISSN 2224-5278 5.2026

Kurashkin S.0O., Korableva G.V., Vakhrusheva I.A., Cherniaeva P.D., Lepekhina Y.A.
Prediction of Energy Consumption of a Mining Enterprise Crushing and Screening
Complex Using Machine Learning Methods............ceoeviiieiiniiieec e 208

Kurmanbayev O., Baidauletova G., Jangulova G., Sarsembekova Z., Bayanbek R.
Concept of Processing Static GNSS Measurements in Geodynamic Monitoring
OF ATIMALY. ...ttt ettt et et e et ettt e s et e ae st e b e ere e st enneeaean 224

Makhmarejabov D., Kuttybayev A., Umirzokov A., Daminov T., Sharopov Kh.
Evaluation of the Compositional Differences of Fuel Types Obtained from the
ANGIEN COAL MINC....c.iiiiiiieiieiicetee ettt sttt et e st e aesaeeseensesbeeneensenaeas 243

Mukaliyev Zh.K., Zhumatayeva Zh.M., Turganaliev S.R.
GIS-Based Geomorphometric Assessment of Topographic Erosion Potential
at the SemipalatinSk TESt STC.......eouiruieieriieeieieieee ettt st eesre e eesaeas 256

Mukhambetov B., Nasiyev B., Kanat T., Zhumin B.
Geoecological Assessment and Phytomeliorative Restoration of Degraded Arid
Lands in the Atyrau Region of Western Kazakhstan............cccoocvoieieniiieneniieec e 273

Murtazin Ye.Zh., Toktar A.T., Rakhimova V.S., Sapargaliyev D.S.
Assessment of Groundwater Recharge and Resources in Mangystau Sand Massifs,
Western KazaKRStan. ......c..coueieiriniiiiiiicnec ettt 290

Oralbekova L.M., Baibotayeva A.D., Kenzhalieva G.D., Naukenova A.S., Kocherov E.N.
Intelligent Digital Platform for Solid Waste Management: Shymkent Smart Waste................ 309

Oralova A.T., Tseshkovskaya Ye.A., Tsoy N.K., Matonin V.V., Timoshenko P.S.
Research on the Fractional Composition of Oil by Spectroscopic Methods..........ccccceevieennen. 325

Panfilov I.A., Gorbachev S.I., Puchkova O.S., Oleynikova O.0., Modina M.A.
Prediction of the Technical Condition of Bearing Units of Mining Equipment Using
Vibration Parameters and Machine Learning............ccooeeieierieninieniesi e 340

Ratov B.T., Khomenko V.L., Kuttybayev A.E., Kamyshatskyi O.F., Zhailiyev A.O.
Hydraulic Characteristics of an Improved System for Real-Time Drilling Fluid
DenSity MEASUTCINICNL. . ...c.eetieeieiieieetieeieie ettt ieie ettt ettt et et e te st e eseessesseensesesaeeneensesseeneeneenaeas 356

Ryszhan A., Amangossova A.G., Kadasheva Zh.K., Yessenamanova Zh.S., Abdinov R.Sh.
Geoecological-Chemical Assessment of Technogenic Contamination of the
“Tukhlaya Balka” Filtration FieldS ATCa.........cccceriiierinieieiese et 376

Shutkina E.V., Babkina A.V., Zhuravlev M.V., Kleshko I.I. Kozenkova G.L.
Automatic Assessment of Crushed Rock Particle Size Distribution Based on Computer
VISION METROMS. ...ttt 398

Zholtayev G.Zh., Umarbekova Z.T., Mashrapova M.A., Amanbaev R.A., Karatayeva G.M.
Model of Gold Mineralization Formation at the Bestobe Deposit
(Northern KazaKRStan)..........cveieruiiieieieeieieieeie ettt ee st et ee e eneeneesee e 414



ISSN 2224-5278 5.2026

NEWS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278

Volume 5.

Number 479 (2026), 356-375

https://doi.org/10.32014/2026.2518-170X.708

UDC: 622.24.06
IRSTI: 52.47.01

©Ratov B.T.!, Khomenko V.L.”, Kuttybayev A.E.', Kamyshatskyi O.F.,
Zhailiyev A.O.%, 2026.
'Kazakh National Research Technical University named after K.I. Satbayev,
Almaty, Kazakhstan;
Dnipro University of Technology, Dnipro, Ukraine;
3Mining Equipment Plant Tehpostavka LLC, Dnipro, Ukraine;
*Caspian State University of Technology and Engineering named
after Sh. Yesenov, Aktau, Kazakhstan.
*E-mail: inteldriller@gmail.com

HYDRAULIC CHARACTERISTICS OF AN IMPROVED SYSTEM FOR
REAL-TIME DRILLING FLUID DENSITY MEASUREMENT

Ratov Boranbay — Doctor of Technical Sciences, Professor, Satbayev University, Almaty, Kazakhstan,
E-mail: b.ratov@satbayev.university, https://orcid.org/0000-0003-4707-3322;

Khomenko Volodymyr — Candidate of Technical Sciences, Associate Professor, Dnipro University
of Technology, Dnipro, Ukraine,

E-mail: inteldriller@gmail.com, https://orcid.org/0000-0002-3607-5106;

Kuttybayev Aidar — Candidate of Technical Sciences, Professor, Satbayev University, Almaty,
Kazakhstan,

E-mail: a.kuttybayev@satbayev.university, https://orcid.org/0000-0003-3997-8324;

Kamyshatskyi Oleksandr — Candidate of Technical Sciences, Associate Professor, Mining
Equipment Plant Tehpostavka LLC, Dnipro, Ukraine,

E-mail: trmpi@ukr.net, https://orcid.org/0000-0001-7017-4776;

Zhailiyev Abat — PhD student, Yessenov University, Aktau, Kazakhstan,

E-mail: Zhajliev1977@mail.ru, https://orcid.org/0009-0002-9665-2662.

Abstract. Relevance. Accurate monitoring of drilling fluid density is crucial for
ensuring safety and efficiency in oil and gas well drilling. The use of automated,
real-time density measurement systems enhances monitoring responsiveness and
enables the timely detection of changes in drilling fluid properties. However,
measurement accuracy depends not only on sensor characteristics but also on
the acquisition of a representative sample, particularly when dealing with non-
Newtonian fluids. Objective. To provide a theoretical and numerical assessment
of the hydraulic characteristics of an automatic drilling fluid density measurement
system to determine rational fluid supply conditions, measuring volume renewal
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time, and pressure losses. Methods. The governing equations of fluid flow in
circular pipes, the Darcy—Weisbach equation, and the Bingham and Herschel—
Bulkley models were applied. The effects of flow rate, density, viscosity, and
yield stress on the flow parameters within the hydraulic module were investigated
numerically. Results. An inverse relationship between the measuring chamber
filling time and fluid flow rate was established. At flow rates of at least 2 L/s,
the chamber volume can be renewed in less than 5 s. The hydraulic losses for
the geometry under consideration were found to be negligible. At low flow rates
and elevated yield stress, the formation of a central plug was found to increase
flow resistance and affect the efficiency of measuring volume renewal. For shear-
thinning Herschel-Bulkley fluids, a reduction in the rate of increase in hydraulic
losses with increasing flow rate was established. Conclusions. The results provide
a basis for selecting hydraulic module parameters and operating conditions for
cyclic drilling fluid supply. They can be used in the design and adjustment of
automated density measurement systems to improve the reliability and timeliness
of monitoring under drilling rig conditions.

Keywords: drilling fluid density, drilling fluid, drilling optimization, real-time
measurement, hydraulic characteristics
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AnHoTaumsl. Oszexminici. Byprpinay epiTiHIICIHIH TBHIFBI3IBIFBIH CEHIMI
Oakputay MyHall JKOHE Tra3 YHFbIMajapblH OYpFbUIAyAblH Kayinci3miri MeH
THIMJIUTITIH KAMTaMachI3 €TY/IiH MaHbI3/IbI [IIAPTHI OOJIBIT TA0ObLIA L. THIFBI3IBIKTHI
HAKTBl YaKbIT PEXKHUMIHJE ONIICYiH aBTOMATTaHABIPBUIFAaH KYHEJIEpiH KOIIaHy
OaKbUTayIBIH KEICNAIriH apTThIpyFa jKoHE OyprbUIay epiTiHZiCi KacHeTTepiHiH
e3repicTepiH yaKTBUIBl aHBIKTayFa MYMKiHIIK Oepenmi. bynm perre emmey
HOTHXKEJICPIHIH CEHIMJIUIIr JaT4yuK CHIaTTaMajlapblHa FaHa eMec, acipece
HBIOTOH/IBIK €MEC CYHBIKTBIKTAPMEH »XYMBIC ICTETeH Ke3/e, oJjIley KelleMiHae
pEeNpe3eHTaTUBTI ChIHAMAHBIH KajlblITacyblHa Ja OalmaHbicThl. Makcamo.
CyMBIKTBIKTBI OCpY/IiH OHTANIIBI peXKUMCPiH, OIIIeY KOJIEMiHIH )KaHapy YaKbITHIH
YKOHE KbICHIM HIBIFBIHIAPBIH aHBIKTAY YIIiH OYpFbUIaYy epiTiHAICIHIH THIFBI3ABIFbIH
ABTOMATTBHI OJIIIIEY KYHECiHIH THIPaBINKaIbIK CHITaTTaMalapblH TEOPHSUTBIK )KOHE
CaHIBIK TYPFBIIAH Herizaey. Odicmepi. JleHrenek KyOblpiapaarbl CYHBIKTHIK
aFbIHBIHBIH TUAPOJMHAMUKANBIK TeHeynepi, Jdapcu—Belicbax Tenaeyi, conmaii-
aKk bunram sxone I'epmens—bankiam Mozpenbaepi KonaaHbUABL. [UApaBIUKAIBIK
MOJYNIBJETi aFpiC TMapaMeTpiiepiHe KOJEMIiK IIBIFBIHHBIH, THIFBI3IBIKTHIH,
TYTKBIPIIBIKTBIH KOHE BIFBICY HICT1HIH 9Cepi CaHIBIK TYPJE 3epTTeni. Homuoicenepi.
Oumiey KaMepachIHBIH TONY YaKbIThl MEH CYHBIKTBIK IIBIFBIHBI apachlHIa Kepi
ToyenaunK Oap ekeHi aHbIKTanAbl. CYWBIKTBIK IIBIFBIHBI KEMiHJE 2 J/Cc OONFaH
Ke3Jie KaMepa KeJIEMiHiH 5 CeKyH/ATaH a3 yakpITTa KaHapybl KAMTaMachl3 eTiiei.
KapacTteippiirad reoMeTpHs YIIIH THAPABIUKAJIBIK IIBIFBIHAAP/IBIH [IaMallbl €KeH1
KepceTinai. A3 IIBIFBIH KE31HAE JKOHE BIFBICY LIETi KOFapbl OOJFaH/Ia OpPTaJbIK
TUTACTUKAIIBIK THIFBIHHBIH KaJBIIITACYbl aFbIC KEIEPriCiH apTTHIPHIN, ©JIIICHETIH
KOJIEMHIH jKaHapy THIMALUIITiHE ocep eTeTiHi aHbIKTabl. blFpicynan cyibpnaTeiH
[eprienb—bankny CYWBIKTBIKTAphl YIIiH MIBIFBIH apTKaH CalblH THUAPABIUKAIBIK
WIBIFBIHAAPABIH  ©CY KapKblHBl TOMEHACUTIHI aHBIKTaNAbl. KopuimuiHobiiap.
ATBIHFaH HOTIDKENEp THIPABIMKAIBIK MOJIYIb MapaMeTpiiepi MeH Oyprbuiay
epiTiHAICIH HUKIAIK Oepy pexXuMIepiH TaHaayasl Herizaeiai. Omapasl Oyprouiay
KOHJIBIPFBUIAPHI JKaFIalbIHIa OaKbUIAY/IBIH CCHIMILIITT MEH JKECIITIH apTThIPY
MaKCaTBIH/IA THIFBI3BIKTHI OIIICYAIH aBTOMATTaHABIPbUIFAaH KYHenepiH sxo0anay
KoHe OamnTay Ke3iHJie nainananyra 0oJajbl.

Tyiiin ce3nep: Oyprbuiay epiTIHIICIHIH TBIFBI3ABIFEL, OYpFbUIAY €piTiHIICI,
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AHHOTamUsl. Axmyanbnocms.  JIOCTOBEpPHBIH ~ KOHTPOIh  IUIOTHOCTH
OypoBOro pacTBOpa SBISETCS OJHUM M3 BAXHBIX YCJIOBHHA oOOecTedeHus
Oe3omacHOCTH W d(DPeKkTHBHOCTH OypeHHs HEMTIHBIX W Ta30BBIX CKBAXKHH.
[Ipumenenne aBTOMATM3MPOBAHHBIX CHCTEM HM3MEPEHHS IUIOTHOCTH B PEKHUME
peasbHOTO BpPEMEHH CIIOCOOCTBYET TIOBBIINICHHIO OIEPATHBHOCTH KOHTPOJIA
U CBOEBPEMEHHOMY BBISBICHUIO WM3MEHEHHH CBOWCTB OypOBOTO pAacTBOpA.
[Ipy 5TOM TOYHOCTH M [TOCTOBEPHOCTH W3MEPEHHUH ONPENENIIOTCS HE TOIBKO
XapaKTepUCTUKAMH U3MEPHUTENHHBIX JIATYNKOB, HO U YCIOBHAMH (OPMHUPOBAHUS
penpe3eHTaTHBHON TIPOOBI, OCOOEHHO TIpU padoTe ¢ HEHBIOTOHOBCKUMH
KHUAKOCTIMHU. B CBsI3U ¢ 3TUM 0c00yI0 3HAYUMOCTh NMPHUOOPETAET UCCIIEOBaHNE
THIPABIMYECKUX XapaKTepUCTUK W3MEPUTEIFHOTO MOy ¥ OIpeIesieHne
paIMOHATBFHBIX PEKUMOB JIBIKEHHS OypoBOTO pacTBopa. [lens. TeopeTndecku u
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YHUCIIEHHO 000CHOBATh THIPABINYECKHUE XapaKTEPUCTUKH yYCOBEPIIICHCTBOBAHHON
CHUCTeMBl aBTOMAaTH3MPOBAHHOTO H3MEPEHHUs IUIOTHOCTH OypoOBOTO pacTBOpa,
OTPENEIUTh PALUOHATBHBIC PEXUMBI MOAAYN KUJIKOCTH, MPOIOJLKUTEIBHOCTD
OOHOBIICHHS HM3MEPUTEIHHOTO 00bEMa W BEIUYHMHY THAPABIMYECKHUX IOTEPb.
Memoowi. ViccnenoBanue OCHOBaHO Ha MPUMEHEHNN YPaBHEHUH THIPOINHAMUKH
TEUECHHS KHUJIKOCTEH B KPYIIbIX TpyOompoBoaax, ypaBHeHus [lapcu - BeiicOaxa,
a Takke peosiornyeckux mojeneit bunrama u I'epuiens - bankiu. Meromamu
YHUCJIEHHOTO aHaJn3a UCCIEJOBAHO BIMSHHE pacxoja >KHIKOCTH, €€ IUIOTHOCTH,
BA3KOCTH M TPEAETHHOTO HANPSDKEHHUS CABATA HAa XapaKTEPUCTUKH TEUEHUS
B THUJPABINYECKOM MOJyJ€ aBTOMAaTU3MPOBAHHOW HM3MEPUTEIBHONH CHCTEMBI.
Oco0oe BHUMaHHE YIEICHO ONIPEIeTICHIIO BpeMEHH OOHOBJICHHS H3MEPUTEITHHOTO
o0beMa, OICHKE MOTEPhb JABJIICHUS W aHAJIU3Y BIMSHHUS PEOJOTHYCCKUX CBOHCTB
OypoBOTrO pacTBOpa Ha THIPABIWYECKOE COMPOTUBIEHHUE. Pe3yibmamoi.
YcranoBnena oOparHas 3aBUCHMOCTh  IPOJOJDKHUTENBHOCTH  3aIlOJIHEHUS
M3MEPUTENILHONW KaMephl OT 00BEMHOTO pacxona OypoBoro pactBopa. [lokazaHo,
Y9TO TIPH pacxoe He MeHee 2 JI/C BpeMs OOHOBIICHHsI 00beMa H3MEPHUTEIHHOU
KaMmepbl cocTaBisieTr MeHee S5 c. Jlisg  paccMarpuBaeéMoOil  T€OMETpUHU
TUIPABIMYECKOTO MOJYJS pacyeTHbIe TOTEpPH JAaBICHHUS XapaKTepu3yITCs
OTHOCHUTEIILHO HEOOJBIINMHA 3HAYCHUSIMH. YCTaHOBJIeHO, YTO HpU HHU3KUX
pacxomax S>KUJIKOCTM M TOBBIIMICHHBIX 3HAYCHUSAX TMPEACIbHOTO HANPSLKEHUS
caBura (GOpMHUpPOBAaHUE IIJIACTHYECKOM TPOOKHM TPUBOAUT K YBEIHUEHHUIO
THJIPABIMYECKOTO CONPOTHBICHUS M CHWXKEHUIO 3(deKkTuBHOCTH OOHOBJICHUS
M3MEpUTENbHOTO o0beMa. Iy sKuaKocTel, OMMChIBAEMBIX MOJeNbio [epriens -
bankan n XapaKTCpU3yHIUXCA CABUTOBLIM PA3KMIKECHUCM, BbIABJICHO CHUKCHUC
WHTEHCUBHOCTH YBEJIHMYEHUS THUAPABIUYECKUX TMOTEPh IO MEpe pocTa pacxojna
KUTKOCTH. Bvi600vi. IlomydeHHBIC pe3yinbTaThl MO3BOJISIOT 000CHOBATH BHIOOD
KOHCTPYKTHBHBIX U JKCIUTYaTAllMOHHBIX MapaMETPOB THIPABIMYECKOTO MOIYIA
CHUCTEMBl aBTOMAaTH3WPOBAHHOTO W3MEPEHHUs IUIOTHOCTH OypOBOTO pacTBOpa,
a TaKXXC ONPCACIIUTL pallMOHAJILHBIC PCIKUMBI €ro HHKHHHGCKOﬁ Imoaayvu. Yyer
pacxojia KUAKOCTH, TEOMETPHUECKUX XapPAKTEPUCTUK U3MEPHUTEIHLHOW KaMephl H
PEOIOTUYECKUX CBOMCTB OYpPOBOTO pacTBOpa CIIOCOOCTBYET COBEPIICHCTBOBAHHIO
npouecca (GOPMHUPOBAHUS PENpe3eHTaTHBHON NpoObl. [IpernnokeHHBIH MOAXOn
MOJKET MCIIOIB30BAThCS TIPU MMPOSKTUPOBAHUH U HACTPOHKE aBTOMAaTU3NPOBAHHBIX
W3MEPUTENIBHBIX CHCTEM, 00ecIieunBasi METOJMUECKYI0 OCHOBY JUISl TIOBBILICHUS
OTIEpATHBHOCTH U MIOTEHIIMAIEHOM TOCTOBEPHOCTH KOHTPOJIS INTIOTHOCTH OYPOBOTO
pacTBopa B YCIOBHUSX OYpOBBIX YCTaHOBOK.

KuaroueBble cjioBa: IJIOTHOCTh OypOBOTO pacTBOpa, aBTOMATH3HPOBAHHBIE
U3MCPCHUA, THUAPABINMYCCKUC XApPaKTCPHUCTHUKH, HCHBIOTOHOBCKHE IKXHJIKOCTH,
THJIPABIMYECKOE COIPOTHBIICHHE, PEOJIOTHUECKUE MOJIEH, OypeHHe CKBAXKUH

Introduction. Drilling fluid is one of the key elements of the technological
drilling system for oil and gas wells, ensuring the simultaneous fulfillment of
several critically important functions: cuttings transport to the surface, cooling
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and lubrication of the drilling tool, maintenance of wellbore stability, and
regulation of formation pressure through the creation of the required hydrostatic
column (Davydenko et al., 2015). Among the numerous parameters of drilling
fluid, density holds a special position, as it directly determines the magnitude
of hydrostatic pressure in the wellbore and thus has a significant impact on the
safety and efficiency of drilling operations (Biletskiy et al, 2022). Deviations in
density from design values may lead to both formation fluid influxes and kicks
(Bondarenko et al., 2024) and to drilling fluid losses, complications, and accidents,
accompanied by significant material and time costs (Biletskyi et al., 2024).

Literary review. Current trends in drilling development are associated with
the exploitation of deeper and more geologically and technically complex targets,
an increasing share of directional and horizontal wells (Lukin and Kondrat, 2024),
as well as the widespread use of drilling fluids with complex compositions and
rheologies (Khomenko et al., 2025). Under these conditions, the requirements
for operational control of drilling fluid parameters, including density, increase
significantly. Traditional density measurement methods based on periodic
manual sampling and the use of mechanical instruments, although still widely
applied, increasingly fail to meet modern requirements for continuity, accuracy,
and reproducibility of measurements (Wu et al., 2016). The discrete nature of
such measurements does not allow timely detection of rapid changes in drilling
fluid properties, and the results largely depend on personnel qualifications and
measurement conditions (Muratova et al., 2025).

In response to these limitations, real-time and semi-automatic drilling fluid
density monitoring systems have been actively developed in recent years for direct
installation on drilling rigs and operation in a near-real-time mode. Such systems
may be based on various physical principles, including the use of radiation
characteristics (Khabaz and Yaghobi, 2015), hydrostatic pressure measurements
(Ihnatov et al., 2023), acoustic methods (Ofoche and Noynaert, 2020), or analysis
of the electromagnetic properties of the medium (Dokhani et al., 2016). Despite
the obvious advantages of automation, practical experience with the operation of
such devices shows that their metrological performance is largely determined not
only by the measurement principle itself, but also by the conditions of hydraulic
interaction between the sensing element and the drilling fluid (Ahmadi et al.,
2018).

Of particular importance in real-time density measurement systems is the
problem of forming a representative drilling fluid sample within the measurement
chamber. Unlike laboratory conditions, drilling fluid at the rig is characterized
by a variable composition, the presence of a solid phase, gas inclusions,
and pronounced non-Newtonian behavior. The supply of drilling fluid to the
measurement chamber, its circulation, and subsequent evacuation are carried out
through a hydraulic circuit whose parameters significantly affect the fluid renewal
rate, velocity, and stress distributions, as well as the stability of the measurement
module readings. An insufficient fluid replacement rate or the presence of stagnant
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zones may lead to distortion of the measured density and a decrease in data
reliability (Shanmugasundar et al., 2024).

The problem that served as the basis for the present study was identified during the
development and testing of a real-time drilling fluid density measurement system,
which implements an inductive conversion principle and employs a vertically
oriented measurement chamber with periodic fluid injection and withdrawal. It
was found that, under identical settings of the measurement module, the nature and
stability of the readings strongly depend on the flow rate, rheological properties of
the drilling fluid, and the geometry of the supply pipelines. In particular, for fluids
exhibiting a pronounced yield stress, the formation of a plastic plug was observed,
resulting in an increase in the time required for complete fluid replacement in the
measurement chamber and potentially compromising the representativeness of the
measurement.

Thus, the choice of the topic of the present work is driven by the need for a
scientifically substantiated analysis of the hydraulic processes accompanying the
operation of a real-time drilling fluid density measurement system, to identify and
quantitatively assess the factors that limit its accuracy and reliability. Of particular
interest is the consideration of non-Newtonian rheological models widely used
to describe drilling fluids, such as the Bingham plastic model and the Herschel—
Bulkley model, which allow an adequate representation of yield stress behavior
and shear-thinning effects (Radich et al., 2023).

The relevance of the present study is determined by the fact that, in most
applied works devoted to real-time drilling fluid density monitoring systems,
primary attention is paid to the design of the measuring unit and signal processing
algorithms. In contrast, the hydraulic aspects of forming the measured sample
are often treated in a simplified manner or remain outside the scope of analysis.
Meanwhile, it is precisely the hydraulic module and its operating modes that
largely determine the applicability of such systems under real drilling conditions,
especially when working with highly viscous and structured drilling fluids.

The aim of the present study is a theoretical and numerical investigation of the
hydraulic characteristics of the drilling fluid supply system to the measurement
chamber of a real-time density measurement device, focused on evaluating the time
required to form a representative sample, flow regimes in the supply pipelines, and
the magnitude of pressure losses at various flow rates and rheological parameters
of the fluid. Achieving this aim enables the substantiation of requirements for the
hydraulic module's parameters, the determination of rational operating modes for the
system, and the creation of prerequisites for enhancing the accuracy and reliability of
real-time drilling fluid density control under drilling rig operating conditions.

Materials and Methods. The object of the study was a real-time drilling fluid
density measurement system intended for operation on drilling rigs. The system
includes a vertically oriented cylindrical measurement chamber, a hydraulic
module for supplying and discharging drilling fluid equipped with a variable-
capacity pump, and an electronic signal registration module.
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The research methodology was based on theoretical and numerical analysis
of hydraulic processes under steady-state fluid flow in circular pipes. The mean
flow velocity was determined from the flow rate and cross-sectional area. At the
same time, the time required for complete filling of the measurement chamber
was calculated using the continuity equation. The flow regime was assessed using
the Reynolds number and then classified as either laminar or turbulent. Pressure
losses in the supply pipeline were determined using the Darcy—Weisbach equation,
with an analytical expression for the friction factor in the laminar regime and the
empirical Swamee—Jain approximation in the turbulent flow region.

To account for the rheological characteristics of drilling fluids, the Newtonian
model, the Bingham plastic model, and the Herschel-Bulkley model were
employed. In the non-Newtonian models, the flow was considered to consist of a
central plastic plug and a shear zone adjacent to the pipe wall. The distribution of
shear stresses and the velocity profile were determined based on the corresponding
rheological equations, after which the flow rate was calculated by integrating the
velocity profile over the cross-section. The inverse problem of determining the
pressure drop for a given flow rate was solved numerically using the bisection
method.

Calculations were performed for a flow rate range of 0.5-8.0 L/s, drilling fluid
densities of 1100-1300 kg/m?3, and characteristic values of viscosity and yield
stress corresponding to typical drilling fluids. The main calculated parameters
analyzed were the mean flow velocity, Reynolds number, pressure losses, and
the time required for complete fluid replacement in the measurement chamber.
The obtained relationships were used to assess the conditions for forming a
representative drilling fluid sample and to substantiate the operating regimes of
the hydraulic module of the real-time drilling fluid density measurement system.

Results. The developed real-time drilling fluid density monitoring system
is intended for application on drilling rigs in the geological exploration and oil
and gas industries. Structurally, the system comprises a measurement chamber, a
hydraulic unit, and an electronic module. The measurement chamber is designed
as a vertically oriented tubular structure with a cavity filled with drilling fluid,
which is cyclically supplied to and removed from the chamber by a variable-
capacity pump via the hydraulic module. The electronic module consists of an
inductance sensor, a signal conversion unit, and a control panel. In the upper part
of the system, an electromagnetic coil and a magnetic core are installed; the core
is rigidly connected to a calibration chamber filled with distilled water and air.
Instrument adjustment and calibration are performed by changing the water level
in this chamber.

A patent application for this technical solution has been filed with the National
Institute of Intellectual Property of the Committee for Intellectual Property Rights
of the Ministry of Justice of the Republic of Kazakhstan, No. 2024/0926.1, dated
November 5, 2024 (Fig. 1).
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Figure 1. Device for real-time measurement of drilling mud density.

The real-time drilling fluid density measurement system operates as follows.
After a specified time interval (set either by the drilling rig operator or by a
time relay), the hydraulic module 9 opens valves 5 and 6, allowing the inflow of
drilling fluid into the measurement chamber through a variable-capacity pump.
After circulation for at least 5 s, the valves are closed, and the measurement is
performed. The magnetic core 2, connected to chamber 3 containing distilled water
and air (calibration is performed by adjusting the water level in this chamber),
begins to move within coil one under the action of Archimedes' principle; guides
4 ensure smooth and accurate movement. This motion changes the inductance
of the magnetic field, which is detected by sensor 10 of the electronic module 7.
As the density increases, the magnetic core 2 enters the coil 1 (floats upward),
thereby increasing the magnetic field inductance; as the density decreases, it exits
the coil ("sinks"), reducing the inductance. Prior to installation on the drilling
rig, the real-time drilling fluid density measurement system undergoes calibration
under laboratory conditions, where the correspondence between inductance values
and drilling fluid density is established. During rig operation, the driller, using the
electronic module 7 (which includes the inductance sensor 10, converter 11, and
control panel 12), observes real-time density readings on the control panel display
12 with an accuracy of =1.0 kg/m?.
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The study encompasses a theoretical and numerical investigation of the
hydraulic characteristics of the drilling fluid supply system to the measurement
chamber, to evaluate the time required to form a representative fluid sample, flow
regimes in the connecting pipelines, and the expected head losses under typical
operating conditions. The main geometric parameters of the measuring section
are the internal pipeline diameter D and the length of the measurement chamber

2
nD“L
L _{chamber}. The chamber volume is defined as Vchamber = ———chamber

For the calculations, values of D=0.10m and L =1.0m wgre used, which

chamber

corresponds to a chamber volume of V. =7.85-107 m’.
The mean flow velocity in the cross-section is defined as
v=5 ()
A

where Q is the volumetric flow rate, m?/s;
nD?
4 is the cross-sectional area, m?.
The ideal time required for complete filling of the chamber at a given flow rate
is determined from the continuity equation:

A=

tﬁll — Vchamber . (2)
Q

In the actual measurement chamber, the presence of a movable core, calibration
chamber, guides, and valves results in mixing and the formation of stagnant zones.
Therefore, the practical sample renewal time is estimated using a non-ideality
factor of K, = 2.5—3.5:

t —k._. Vchamber 3)
renew — Tmix Q ’

The flow regime is characterized by the Reynolds number Re:

Re=PYD, 4)

1)

where p is the fluid density, kg/m?;

u is the dynamic viscosity, Pa-s.

Depending on the value of Re, the flow is considered laminar (Re < 2300) or
turbulent (Re > 2300) (Umirova et al., 2025). This classification influences the
selection of empirical correlations used to calculate the hydraulic friction factor, f.

Pressure losses in the pipeline are determined using the Darcy—Weisbach
equation:
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2
Ap = fpiRe PV 5)
D 2

where Lpipe is the length of the pipe section through which the fluid is supplied.
Standard approximations were used to calculate the friction factor f:
for the laminar regime (Ratov et al, 2023)

64

=, (6)
Re

f

and for the turbulent regime, the Swamee—Jain formula was applied (Alizadeh
et al., 2024):

2
o 0.25 )

- e 574 2’
Bio0 3.7D Re0'9

Here ¢ is the absolute roughness of the pipe wall.

The actual measurement chamber contains a movable core, calibration chamber,
guides, and valves. These components introduce local hydraulic resistance, flow
turbulence, and stagnant zones. The total minor loss coefficient is assumed to be
> =~ 812, representing typical values for two valves, inlet/outlet sections, and
internal components. The total pressure losses are therefore given by:

Ap total — Apfriction + Aplocal 5 (8)

The local hydraulic losses caused by the valves, inlet/outlet sections, and
internal chamber components can be determined as follows:

2
pv
Aplocal =2 éi T’ ©)

The total pressure losses are then given by:

2
pv
Aptotal = Apfriction +2 éi T ’ (10)

The coefficient k_. accounts for the increase in the time required for complete
volume replacement relative to ideal plug-flow displacement.

The analysis was performed under steady-state conditions as a baseline
estimate. Water hammer was evaluated using the simplified Joukowsky equation,
accounting for the valve closure time. The time required for the velocity profile to
develop after pump startup for non-Newtonian fluids is estimated as:
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ttrans -

where Moo is the apparent viscosity.

an

The calculations were performed for flow rates Q ranging from 0.5 to 8.0 L/s,
density p = 1100-1300 kg/m?3, dynamic viscosity p = 0,001-0,05 Pa-s, absolute
roughness of the steel pipeline € = 1,5-10° m, and supply pipe length L.=2m.

Based on the above equations, the following characteristics were calculated for
each parameter set: mean velocity (v), Reynolds number (Re), friction factor (f),

pressure loss (Ap) in the supply pipeline, and chamber filling time t

fill*

Results for a Newtonian Fluid (Baseline Estimate). The ideal filling times and
practical sample renewal times (for k .= 3) are presented in Table 1 and Fig. 2.

Table 1. Chamber Filling and Sample Renewal Times.

Q,L/s v, m/s t., (ideal), ¢ t (k. =3),c
0,5 0,064 15,71 47,1
1,0 0,127 7,85 23,6
2,0 0,255 3,93 11,8
3,0 0,382 2,62 7,85
5,0 0,637 1,57 4,71
8,0 1,019 0,98 2,95

Figure 2 shows the dependence of the chamber filling and renewal times on the
fluid flow rate. The curves represent ideal plug-flow displacement and the range
corresponding to k. =2.5-3.5.
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Figure 2. Dependence of chamber filling/refresh time on fluid flow rate.
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The relationship presented in Fig. 2 for a fixed chamber volume demonstrates

Vchamber

. . ., tgp=E———— .
an inverse proportionality ! Q . For the considered chamber volume
(7.85 L), the filling time at a drilling fluid flow rate of Q =2 L/s is t, = 3.93 s.
Taking mixing into account (k_. = 2.5-3.5), the recommended circulation time
before measurement is at least 10—14 s. This requirement has been incorporated
into the description of the system operating procedure.

The pressure losses Ap for a Newtonian fluid (p = 1200 kr/m?, p = 0,01 I1a-c),

including frictional and minor losses, are presented in Table 2 and Fig. 3.

Table 2. Pressure Losses (Newtonian Fluid, Y &= 10).

Q, /c Ap,,.» k[la Ap,..» K12 Ap,.» Xla
0,5 0,004 0,024 0,028
1,0 0,008 0,097 0,105
2,0 0,035 0,389 0,424
3,0 0,068 0,875 0,944
5,0 0,164 2,432 2,596
8,0 0,369 6,225 6,594

Minor losses predominate at higher flow rates; however, their absolute values
remain acceptable for the selected pump.

Pressure losses: friction + local resistances

—8— Friction (Newtonian p=0.01)
-m- Local (£8=10) P
—a— Total 4

w S w
L L L

Pressure loss Ap, kPa

N
!

Flow rate Q, L/s
Figure 3. Dependence of pressure losses Ap in the supply pipeline on the fluid flow rate.

The results presented in Fig. 3 show that minor losses predominate; however,
their absolute values remain acceptable for the selected pump. These values
indicate that the pump head required to ensure cyclic sample delivery along the
selected short supply line is relatively low and will not be a limiting factor in
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selecting measurement operating conditions. However, the use of narrow channels
may substantially increase pressure losses, which should be taken into account
when designing the hydraulic module.

The calculations presented in Fig. 3 were performed using a Newtonian
approximation (the Darcy—Weisbach equation and the Swamee—Jain correlation)
and serve only as a baseline estimate of the order of magnitude, accounting for
minor losses. The application of these equations to non-Newtonian drilling fluids
is not appropriate.

Let us analyze the hydraulic behavior of the sampling circuit using non-
Newtonian rheological models commonly applied to describe drilling fluids,
namely the Bingham plastic model and the Herschel-Bulkley model. The
considered geometry represents a circular supply pipe with an internal diameter D
and a radius R = D/2, as well as a measurement chamber of length L._{chamber}.

The measurement chamber has an axial length L, = 1.0 m and a volume
2
\V/ _ nD Lchamber .
chamber — 4

For axisymmetric flow in a circular pipe, the distribution of shear stresses is
given by
r
r(r):rwi, (12)

where T, is the wall shear stress.
In turn

_Rdp

T ) (13)
Yoo2dx
The pressure gradient dp/dx is related to T by
dp 27, . (14)
dx R
The total pressure drop along a pipe of length L is
Ap = 27 Lpipe . (15)
R

In the Bingham and Herschel-Bulkley models, drilling fluid flow in a circular
pipe forms a so-called plastic plug—a central flow region in which the shear
stress is below the yield value and the fluid moves as an almost rigid core without
internal shear (Rahmati and Tatar, 2019). The relationship between the yield
stress and the wall shear stress determines the radius of this zone, r;. Accounting
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for the parameter r, is crucial for the accurate calculation of the velocity profile
and hydraulic losses, as the fraction of the unsheared zone directly impacts the
required pressure drop and the time required for complete fluid replacement in the
measurement chamber.

For the Herschel-Bulkley constitutive law, the local shear rate y(r) in the
sheared annular region (r, <r <R, where r, is the plug radius) is given by (Ahmadi,
2016)

3 ﬂﬂ—%lm, (16)
x&r)-(—K j

where 1, is the yield stress, Pa;
K is the consistency index, Pa-s";
n is the flow behavior index.

The plug radius is defined by

p=R-L. (17)

Tw

The volumetric flow rate is determined from the velocity profile as

v(r) = er Wr')dr' s (18)
and subsequently
Q =2n; v(r)rdr. (19)

The dependence Q(r ) was calculated numerically for given rheological
parameters; the inverse problem t (Q) was solved using the bisection method in
order to obtain Ap for a specified flow rate Q.

For the Bingham model (n=1, K = up), the Buckingham—Reiner equation was
used:

3 Rt

Q4u

W 4 1 4 To
l——d+— =9 20
( 3¢+3¢ ) ¢ - (20)

p w

The calculations were performed under the following initial conditions:

D=0.10m, L = 2.0 m, representative drilling fluid densities (for Reynolds
number estimation), and the following sets of rheological parameters.

Newtonian fluid:

u=0.01 Pa-s;
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Bingham model:

7,= | Pa, = 0.01 Pa-s;
7,= 5 Pa, = 0.02 Pa-s;
Herschel-Bulkley model:
1,=2Pa, K=0.05,
1,=5Pa, K=1I,

n=0.6;
n=0.6.

The calculated pressure drops, Ap, as a function of flow rate {, are presented

in Table 3 and Fig. 4.

Table 3. Pressure Losses for Non-Newtonian Fluids (kPa).

Q,L/s Bingham 1 =1 Bingham t = 5 HBt, =2 HBt =5
0,5 0,095 0,444 0,188 0,716
1,0 0,102 0,465 0,197 0,843
2,0 0,114 0,496 0,209 1,031
3,0 0,124 0,522 0,219 1,181
5,0 0,143 0,568 0,234 1,429
8,0 0,169 0,630 0,251 1,733

L7571 —e— Newtonian p=0.01 _-A
-& Binghamtw=Lpp=001 | | | ___-1"7"
1501 —&- Binghamt0=5,pp=002 =277
—B— HB10=2, K=0.05, n=0.6 AT
T 1p5 ] ~&~ HBT05,K=1,n=06 s
5t T
£ 1001 S -
2: ,k/’
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g I e k—mmm=" ke =====TTTTT
0.25 1 & - ——t /:
0.00 o—/

Flow rate Q, L/s

Figure 4. Dependence of pressure losses Ap in the supply pipeline on the fluid flow rate for a
Newtonian fluid and for the Bingham and Herschel-Bulkley (HB) models.

For the selected geometry and parameter ranges, the following has been

established.

The presence of a yield stress increases the required wall shear stress T w and,
consequently, the pressure drop Ap at the same drilling fluid flow rate Q. This
effect is most pronounced at low flow rates.

At moderate values of t_0 (several pascals) and typical flow rates Q > 2 L/s, the
additional pressure drop remains small (on the order of 10-100 Pa for L_{pipe} =
2 m), i.e., within the capabilities of standard pumps.
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For shear-thinning Herschel-Bulkley fluids (n < 1), lower pressure drops at
high flow rates Q are characteristic compared to Bingham fluids with high plastic
viscosity, since the apparent viscosity decreases with increasing shear rate.

The analysis confirms that, with sufficient pump capacity and a minimal length
of the supply pipeline, the hydraulic module ensures the complete renewal of
the chamber volume within a few seconds (see filling times), while maintaining
acceptable pressure losses. However, for fluids with high yield stress or in cases
of long and/or narrow supply lines, adjusting pump parameters and cycle time
intervals is required to ensure representative sampling and prevent flow regimes
dominated by plug flow.

Discussion. Theresults obtained in this study enable acomprehensive assessment
of the hydraulic conditions of a real-time drilling fluid density measurement
system's operation and clarify the factors that determine the reliability and stability
of measurements under real drilling conditions. The performed analysis shows
that, for the selected geometric parameters of the measurement chamber and the
supply pipeline, the key parameter influencing the formation of a representative
sample is the drilling fluid flow rate set by the pump of the hydraulic module.

Calculations of the measurement chamber filling time confirm that at flow rates
of'about 2 L/s and higher, complete fluid replacement occurs within a few seconds,
which corresponds to the practical requirement for a minimum circulation time
prior to the start of measurements. This means that, under typical system operating
modes, the influence of the residual volume of the previous sample on the measured
density is negligible. At lower flow rates, the fluid renewal time increases, and
under these conditions, the risk of obtaining averaged or delayed readings grows,
especially when drilling fluid properties change rapidly.

The analysis of pressure losses in the supply pipeline shows that, for the
considered line length and diameter, hydraulic resistances remain low over
the entire investigated range of flow rates and rheological parameters. Even at
elevated viscosity and in the presence of a yield stress, the additional pressure
drop does not exceed values that could limit pump operation or lead to hydraulic
regime instability. This indicates that, for a compact system layout, the energy
costs associated with organizing cyclic sample delivery are not a limiting factor.

Accounting for minor hydraulic losses and the k; coefficient indicates that
the actual system requires a longer circulation time than that predicted by the
continuity equation alone. This helps prevent averaged or transient readings when
working with non-Newtonian fluids that may develop a plug-flow region and
stagnant zones. Pressure loss calculations based on rheological models confirm
that, for the selected geometry (D = 0,10 m and a short supply line), hydraulic
resistance is not a limiting factor, even at high yield stress.

At the same time, accounting for the non-Newtonian rheological properties
of drilling fluids reveals important flow features that are not captured within the
Newtonian approximation. The presence of a yield stress leads to the formation of
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a plastic plug in the central part of the flow, which is particularly pronounced at low
flow rates. This is accompanied by an increase in the time required for complete
fluid replacement in the measurement chamber and may result in the retention of
fragments of the previous sample within the chamber volume. For fluids described
by the Herschel-Bulkley model, this effect is partially compensated by shear
thinning as the flow rate increases; however, at low flow velocities, the influence
of the plastic zone remains significant.

The obtained results enable the explanation of the sensitivity of density readings
to the operating modes of the hydraulic module observed during the device's
development and testing. In particular, instability or inertia of the readings when
working with highly structured drilling fluids may be caused not by the features
of the measurement principle itself, but by insufficient intensity of fluid renewal
in the measurement chamber. This highlights the importance of coordinating the
design of the measuring and hydraulic modules in real-time density monitoring
systems.

It is worth noting that the present study considered a simplified geometry of
the supply pipeline and the measurement chamber, as well as steady-state flow
regimes. Under real drilling conditions, the hydraulic scheme may include longer
and branched supply lines and may operate in unsteady regimes associated with
pump start-up and shutdown, flow rate fluctuations, and changes in drilling fluid
properties. Under such conditions, pressure losses and flow behavior may differ
significantly from the estimated values, which requires additional analysis at the
stage of adapting the system to a specific drilling rig.

Overall, the study's results confirm that, with a rational choice of geometric
parameters and drilling fluid supply regimes, a real-time density measurement
system is capable of forming a representative sample within a short time, with
minimal hydraulic losses. Accounting for the non-Newtonian properties of drilling
fluids is a necessary condition for accurately substantiating system operating
modes, which enables the improvement of density measurement reliability and
accuracy under industrial operating conditions.

Conclusions. The results of the study allow the following conclusions to be
drawn:

1. The ideal chamber filling time is inversely proportional to the flow rate.
Accounting for mixing (k_. = 2,5-3,5), the complete sample renewal time at Q >
2 L/s is 10-14 s, which is adopted as the minimum circulation time.

2. Minor losses caused by valves, the core, and guides predominate over
frictional losses along the pipe at Q > 2 L/s. However, the absolute values of Ap,_
remain low (< 7 kPa at Q = 8 L/s).

3. Pressure loss calculations for the Bingham and Herschel-Bulkley models,
based on integration of the velocity profile, indicate a substantial increase in Apat
low flow rates and high t,. At Q > 2 L/s, the influence of the plug region becomes
acceptable.
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4. Transient effects (water hammer and velocity profile development),
under smooth valve operation and at the recommended circulation time, do not
significantly affect sample representativeness.

5. Appropriate selection of the flow rate (Q > 2 L/s), minimization of the
supply line length, and consideration of minor losses ensure representative sample
acquisition and stable system operation under actual drilling site conditions.
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