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Analytics

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

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DOUBLE-CHAMBER ROTARY TYPE DOWNHOLE
HYDRAULIC MOTOR FOR DRILLING MULTIBRANCH WELLS

Abstract. Importance of wells drilling method in subsoil use is stated. In general, reliable geological material
can be obtained by the method of multibranch wells construction. By technological capabilities, the most effective
means -downhole hydraulic motors performing wells drilling without drill string rotation. According to analysis of
information sources containing data about downhole motors in the world, among all of them (propeller, turbodrills,
rotors), the corresponding to conditions of drilling wells with offshoots are rotor type hydraulic motors, small-size
longwise, fitting into the curvature of deviation from the parent well.

Based on the new physical principle, structural layout of double-chamber rotary type downhole hydraulic motor
was formed with multilayer reactive force moment that became the subject of research. Methodology of calculating
hydraulic motor output parameters was developed, technical characteristics were identified: length —0.80 m, weight —
40 kg with housing diameter 88 mm.

Prototype model was manufactured, test was performed to check reproducibility of calculations and test data.
By output parameters and technical characteristics, the prototype model has significant advantage over abroad
analogue.

Introduction of hydraulic motor into the execution of drilling operations, scope of application of wells drilling is
extended, cost of minerals prospecting and mining is reduced.

Key words: geology, prospecting, drilling, well, multi-hole, hydraulic motor, layout, parameters, characte-
ristics.

In today’s subsoil use, detection of mineable mineral depositsis possible at depths only, which raises
exclusive standards to methods and means of geological exploration works execution.

The main method of geologic exploration — wells drilling identifying the accuracy of study
objectsevaluation, selection of optimum schemes of subsequent development and cost of works.

In the paper [1] it was noted that the solution of task of drilling process optimization is complicated
by uncertainty of decision-making situation expressed in multivectorness, multicriteriality, inaccuracy and
many-valuedness. In the opinion of authors, to resolve such problems, it is necessary to use respective
methods that are based on the results of geological-technical studies. The most remarkable of them is the
method of obtaining generally reliable geological information by construction of multibranch wells with
drilling of offshoots along the strike of productive strata.

In the area of hydrocarbons, opening of productive series by horizontal offshoots increases the
filtering area and flow rate as compared to vertical by 2-4 times more at oil and 3-8 times at gas fields [2].

Comparatively safe and less costly means of drilling offshoots— downhole hydraulic motors fitting
into the curvature of deviation from the parent well and performing the drilling process without drill string
rotation. Experiments proved by practice showed that capacity losses for blank drill string rotation amount
to 65-85% of the total power spent for drilling [3].

Known are hydraulic turbine downhole motors manufactured by Neyrfor (Schlumberger) and
TurboPower (Halliburton): their turbodrills 10-15 m long comprise one or two turbine sections [4].
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Also abroad the use was made of the driven rotor configurations and specifically designed PDC drill
bits manufactured by BakerHughes, Halliburton and Schlumberger, which allow successful drilling of
deviant directional and horizontal offshoots. Their disadvantage include the structural complexity and high
cost of maintenance, and their price is comparable to rocket-and-space equipment [5].

Interesting technical solution was reflected in a patent of UK “Downhole hydro turbine motor with
regulated bend angle” [6]. Its advantage is in the creation of favorable downhole conditions for offshoot
kickoff and displacement from parent hole.

US patents [7-10] give schematic diagrams of downhole hydraulic motor components force
interaction ensuring life prolongation and reliability of their work while drilling directional wells,
especially turbo drills with improved performance characteristics.

Designers of Neftegazotekhnika research and development enterprise (Russia) managed to reduce the
turbodrill length for drilling wells with drill bits with diameter of 215.9 mm from 25.7m to 8.8m, which
allowed improvement of well and offshoots walls formation conditions [11].

Practice of downhole hydraulic motors operation in drilling of wells around the world [12-17] shows
that main ideas for improvement of their design (propeller, turbodrills and rotor type) are aimed at the
simplification of structure, extending of elements’ functions, ensuring high accuracy of their interaction.

Analysis of known schemes and conditions of various types downhole hydraulic motors usability
allowing making a conclusion that by design and technological capabilities, the most suitable for the
construction of multibranch wells are hydraulic motors of rotor type, small-size longwise, low-consuming
operating fluid.

However, the paper [18] notes that the main disadvantage of rotor type machines — vibration arising
due to rotor rotation.

Based on analysis results and with account of the possibility of vibration occurring, on the basis of a
new physical principle, design of double-chamber rotor hydraulic motor with multilayer reactive force
moment [19,20] was formed. Hydraulic motor comprises internal nonrotating rotor 1 which is interacted
with a power unit through bearing boxes, such power unit comprising upper (figure 1) and lower (figure 2)
parts, disconnectably-rigidly connected with each other. The upper part of the power unit represents a
housing 2, inside of which and with formation of external chamber a shaft 3 is hard-mounted set with
hemispheric blades 4 and side ports 5 for feeding operating fluid to internal chamber. In the housing body
2, channels 6 are made for jet exhaust of operating fluid to hole annuity.

4
/3
!
| 6 |
| ]
(|
| |
4 44 - N h,
}

Figure 1 — Power unit upper part
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Figure 2 — Power unit lower part

On housing 7 of the power unit lower part, made are horizontal grooves8 departing from the internal
chamber and with the turn entering to hole annuity oppositely to corotation of housings 2 and 7.

Principle of operation and calculation of double-chamber downhole rotor type hydraulic motor output
parameters. Motor housing with diameter of 88 mm was chosen as an example.

When feeding along inclined channels at an angle ato horizontal,operating fluid downstream falls on
the bottom of the external chamber along the direction of housing rotation 2. The apprise flow has a flow
of Qo, velocity ¥y, and the flows diverging in opposite directions Q;, 9 ; and Q,, U ,. to find excess
pressure equivalent force Rlet’s write down Euler theorem [21] in force projections on coordinate axes
OXand OY:

{Po*coso<=P1—P2 1
Py*sinx+R =0 1

where Py = p* Qo 99; Py = p* Q% 91; P, = p* Qyx 9,

With account to Py, Py, P, and having assumed that flow velocity does not change, that is 95 = 9; = 95,:

p* Qo Jpgxcosx=px* Qy* 9y — p* Qrx UV, Qo*cosx= Q1 — Q;
* I, i = - - — : ! (2)
p* Qp* Jp*xsinx +R =0 R = —px* Qp* Uy *sin x
where R — reaction of external chamber bottom, oppositely directed, but in value equal to —Py;
It is known that Q¢ = Q4 + Q. Let’s make and solve system of equations with twounknowns:
Q
Q=01 +0Q2 _ Q1=7°*(1+coso<) 3)

Qp*cosx=Q; —Qy QZ:%*(l—cosoc)

Oncoming fluid flow velocity depending on height Hof fluid feed can be written as follows:

9 =\2rq*H (4)
Force of flow impact on the external chamber bottom shall be as follows:
Py = p * Qg * sin « (5)

Depending on value of angle «, the major part of flow Q;impacts a blade with bent surface,
symmetrical with relation to line center of the external chamber in a circumferential direction. Form of
blades execution in the form of hemisphere condition the turn of operating fluid flow by angle 18007, thus,
doubled dynamic impact can be obtained [22].

P, =2x%pxQq*0; (6)

—— |4 ——
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When the operating fluid flow impacts on a series of alternating hemispheric blades, oncoming fluid
flow rate will be

7.91 :7.90_19_,7, (7)

mwxD*n
1000%60
experiments — 800 r/min).

With account to (3) and (7), expression (6) will be as follows:

where 9, = — blade speed (D = housing diameter, n — housing rotation frequency, deduced from

Pl:2*p*%*(1+€050<)*(190_‘9ﬂ) ®)

Moment of force of operating fluid flow impact on the external chamber bottom, subsequently
converted into rotation torque:

M0=P0*h1, (9)

where h1l — distance between external chamber median lines in circum ferential direction.
Rotating blade torque:

M1 :P1 *hl, (10)
Moment of operating fluid jet exhaust through channels 6 in the upper part of the power unit:
My = Py/2 * hy, (11)

where h, - distance between opposite channels of the power unit upper part.
The remaining part of the flow enters the internal chamber through side ports 5:

P2=p*Q2*1920rP2=p*%*(1—cosoc)*z90 (12)

Moment of operating fluid jet exhaust through grooves 8 of the power unit lower part:
M 3 = P 2 * h3 (13)

where h; — distance between opposite grooves.
Cumulative torque of the housing with account of the number of sections of external and internal
chamber and channels of the lower power unit:

Baseline data for recalculation:

Inclination angle of operating fluid feeding channels, a = 45°
Operating fluid density (water), p [kg/m’] 1000
Acceleration of gravity, g [m*/s] 9,8

Operating fluid flow rate, [m/s]

with H=100 m 44,27
with H=300 m 76,68
with H=500 m 99
Length force lever, m
h; 0,057
h, 0,07
h; 0,064

Results of calculating values of double-chamber downhole rotary type hydraulic motor output
parameters are summarized in table 1.
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Table 1 — Values of downhole hydraulic motor output parameters

H=100m H=300m H=500m
pa?;‘;li‘t‘;rs Qy, I/min Qo, l/min Qo, l/min
40 60 80 40 60 80 40 60 80
Py H 1913 | 2870 | 3826 | 3441 | 5161 | 6881 44.92 67.38 89.85
P, 46.19 | 6928 | 9238 | 83.07 | 12461 | 166.14 108.46 16270 | 216.93
P, 793 | 1189 | 158 | 1426 | 2139 | 2852 18.62 27.93 37.23
M, H*m 1.10 | 165 2.20 1.98 2.97 3.96 2.58 3.87 5.17
M, 266 | 3.98 531 478 7.16 9.55 6.24 9.35 12.47
M, 162 | 242 3.23 2.91 436 5.81 3.80 5.69 7.59
M; 051 | 076 1.01 0.91 137 1.83 1.19 1.79 238
M 2356 | 3524 | 470 0232 | 6342 | 84.60 55.24 82.40 | 110.44

With the purpose of checking the results of output parameters calculations, a prototype model of
double-chamber hydraulic motor was tested on testing drilling bench equipped with twin circulation pump
NB 320/63, flow meter PROMASS 40, tachometer IT-371 and pressure gauge MP-2. Obtained was
satisfactory reproducibility of calculations and test data.

Table 2 below gives comparative characteristics of the prototype model of double-chamber hydraulic
motor with series-produced propeller hydraulic motors Dyna-Drill of Smith Tool.

Table 2 — Comparative characteristics of series produced hydraulic motor prototype model

Motor nominal Housmg Fluid flow Differential Rotation Force Length, Weight,
size diameter, rate, pressure, frequency, moment, m k
mm /s MPa rpm N*m £
MS-98 Dyna-drill 98 8,2 3,45 460 47,5 5,85 220
Prototype 88 6-7 4,0 600-800 110,44 0,80 40
model

The data given prove that hydraulic motor prototype model with lower weight and length has
considerable advantage over series-produced downhole motor.

Be values of output parameters and technical characteristics, a double-chamber downhole rotary type
motor may become an effective means for the construction of multibranch wells for oil and gas,
underground water, opening of geothermal fields. There are also preconditions that it will give a high-
power impulse to the development of hydraulic borehole mining method, making process-oriented mine
openings.

T. H. Meﬂneﬁaesl, B. C. 1'[p01c011emc02

'«AIIMacy FUIBIMU enrizy opraierbe KIIC, Anmarer, Ka3zakcras;
2ITetpobyp» KIIK, Canxr-Ilerepbypr, Peceit

KOIIOKITAH/IbI YHEBIVJIAP BYPFBIJIAYFA APHAJIFAH KOCKAMEPAJIBI
AVIHAJIMAJIBI TYIIKI THAPOKO3FAJITKBIIII

AnHoramus. Xep KolHayblH maiijanaHy InapyachlHIa YHFBI Oyprbulay — alpbIKina MaHbRIbl. Kememni,
IIBIHAWBI TEOJIOTHSUIBIK aKmapaT ajiy, KOMOKIAHIbl YHFBI JKYPri3y 9JiCTeMeci apKbUIbl iCKe achIpbLIaibl. TeXHOIO-
THSUIBIK MYMKIHZITIHE Opaif, oJlapblH KYPBUIBICBIH XKYPri3yre €H THIMJII Kypall-YHFBIAAFbl THAPOKO3FaITKBILITAD,
OypFBI )KYMBICBIH KYOBIp Ti30eriH aifHaIIbIpMaii icke achlpa/ibl. OJeMIET] YHFbI KO3FAITKBIILITAP Typalibl MJTiMIeMe
OeperTiH akmapaT Ke3iHe )KacalFaH TaHaay OOMBIHIIA OJIApABIH ilIiHAEr! (BUHTTI, TYpOHHA j)KOHE POTOP) KONOKIaH bl
YHFBUIAP JKYPri3y IIapThIHA cail KeJIETiHI — POTOp TYPIHIETICI Y3BIHABIFBI KBICKA, HETi3ri YHFbIIaH OypajaThlH
OYHipii OKITAaHHBIH paJnyChIHA CHEII.
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XKana ¢u3MKaNbIK 3aHABUIBIKTAD HETi3iHIAEC KOCKAMEpalbl, YHFBLIAFbl THIPOKO3FAITKBIIITHIH alHaIMAIbI
TYPIHIH KemIeHreni kepi Te0y Kymi 6ap chi30achl aHBIKTANIBI, 3epTTEy HBICAHBI 00BN OenrineHai. OHBIH KYMBIC
KOPCETKIIIiH, KYPbUIBIMBIH €CENTEHTIH 9ficTeMe NalbiHnanasl: Y3eHABFE — 0,80 M, cammarer 40 Kr, CBIPTKBI Oex
CBI3BIFBI 88 MM 0OJIATHIH TOKIPHOE YITICIHAET] THAPOKO3FAITKBIIII KACATIBL.

TeopusiiblK ecenrtey HOTHXKECI, 3epTXaHaJarbl ChIHAK KOPCETKILITepl apKbulbl HanengeHai. Herisri skymbic
KOPCETKIIITEP] JKarblHAH Y/TIZAEri THIPOKO3FAITKBIII QJIEMICT] JKalnai KOJAaHBICTAFbl ©31 TCHIEC TMAPOKO3FAIIT-
KBIIIITApJIaH JJeKaiia 0aceiM, THIM/II.

Yrrizneri THAPOKO3FANTKBIIITAPABI OYPFBI )KYMBIChIHA €HI'13Y apKbUIbl YHFBI OYPFbIIAY asChIH KeHEHTin, Oapnay
KYMBICTAPBIHBIH Naiiaiibl Ka30a OailyibIkTapabl OHAIPYIH IBIFBIHBIH a3aiTa bl

Tyiiin ce3mep: reonorusi, Oapnay, OYpFblI, YHFBI, KONOKIAHIbI, TMAPOKO3FAITKBIII, ChI30a, KOPCETKIITep,
MiHe3/IeMe.

T. H. Menae6aes’, B. C. IIpokonenko®

'TOO «Hayuno-BHenpenuyeckuii ieHTp Anmacy, AnMatsl, Kazaxcras;
2000 «ITIerpobyp», Cankr-IletepOypr, Poccus

JIBYXKAMEPHbBIN 3ABOMHBIN I'UAPOABUT'ATEJIb POTOPHOI'O THIIA
VIS BYPEHUSI MHOI'O3ABOUHbBIX CKBAYKUH

AHHOTanusi. V3noxeHa 3HaYMMOCTh criocoda OypeHUs! CKBaXXHMH B cdepe Henpornosib3oBaHus. OObeMHbIH,
JIOCTOBEPHBIM T'€0JIOTMYECKUI MaTepHal MOXKHO IOJYYUTh IOCPEACTBOM METOAA COOPY)KEHHS MHOT03a0O0HHBIX
ckBaxWH. [0 TEXHOJOTHMYECKHMM BO3MOXKHOCTSAM Hamboiee >(PQPEeKTHBHOE CpPEACTBO-3a00WHBIC THAPOIBUTATEIN
OCYIIECTBIISIONINE OYpEeHUsI CKBKUH Oe3 BpalieHus OypriIbHON KOJIOHHBI. [lo aHAMM3y MCTOYHHKOB MH(OpMAIIHH,
COJIIEpKAIIUX CBEICHUS O 3a00HHBIX JBUTATENSIX B MHpE, U3 BCEX HHUX (BHHTOBEIE, TypOOOYpHI, POTOPHI), COOTBET-
CTBYIOLIMMH YCJIOBUSIMH NIPOBEICHHS CKBaXXMH ¢ OOKOBBIMH CTBOJIAMH SIBIISIOTCS TUIPOJBHIATENN POTOPHOTO THIIA,
MajorabapuTHbIE 110 JJIMHE, BIUCHIBAIOLINECS B PaMyC KPUBU3HBI OTX0Ja OT OCHOBHON CKBa)KHHBI.

Ha ocHoBe HOBOrO (hr3nyeckoro npuHOuNna chopMUpOBaHa KOHCTPYKTHBHAS CXE€Ma JABYXKaMEPHOTO 3a00HHOro
THJPOJBHUTaTelsi POTOPHOTO THIA, C MHOTOYPOBHEBBIM MOMEHTOM PEaKTHBHBIX CHIJI, CTABILAs OOBEKTOM HCCIIENIO-
BaHUM. Paspa60TaHa METOAMKA pacye€Ta BbBIXOAHBLIX MApaMETPOB THUAPOABUIATECIIA, ONPCACIICHBI TEXHUYCCKUC
xapakrtepuctuku: amuHa — 0,80 M, Macca 40 xr npu quaMeTpe Kopiyca 88 Mm.

WzroToBiieH ONBITHBIA OOpasen, MPOBENCHBI AKCIIEPUMEHTHI C LENBI0 MPOBEPKH CXOJMMOCTH PE3yJbTaTOB
pacdera M TaHHBIX 9KcriepuMenTa. [10 BBIXOHBIM ITapaMeTpaM U TEXHHUECKUM XapaKTEpPHCTHKaM OIBITHBINA 0Opasen
MMEeT 3HaYNTeIbHOE IPEUMYIIECTBO HaJl 3apyOeKHBIM aHAJIOTOM.

Brenpenuem rugpoaBurateis B MPOU3BOJICTBO OYpOBBIX paboT, pacmmupsiercss cdepa MpUMEHEHHS OypeHHs
CKBa)XHH, CHI)KAeTCS CTOMMOCTb Pa3BEIKH U JOOBIYH MMOJIE3HBIX HCKONAEMBbIX.

KaroueBble cioBa: reonorus, pasBenka, OypeHUe, CKBaKMHA, MHOr03a00iHOE, THIPOIBHIaTelb, CXEMa,
HapaMeTpbl, XapaKTEPUCTUKH.
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