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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% ofthe 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 oftheir 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 forjet exhaust of operating fluid to hole annuity.

hi

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 0 and the flows diverging in opposite directions Q1, land Q2 2 to find excess
pressure equivalent force Rlet’s write down Euler theorem [21] in force projections on coordinate axes
OXand OY:

(PO*cos ac= Pr- P2

@)
where
With account to PQ P1, P2and having assumed that flow velocity does not change, that is
(P* Qo=*tlo~cosac=p*QL*i%i —p *Q2*iR2 I QF*cosec= Qi~ Q2 @
p*Q0*i0*sinoc +R =0
where R - reaction of external chamber bottom, oppositely directed, but in value equal to - PQ
It is known that Q0 = Qi + Q2-Let’s make and solve system of equations with twounknowns:
= + Al =f* (1+4C0OS°0 3
Q*cosoc=Qx- Q2 b 2=~*(i_cosoc)
Oncoming fluid flow velocity depending on height Hof fluid feed can be written as follows:
i%=V2*q*H (4)
Force of flow impact on the external chamber bottom shall be as follows:
(®)
Depending on value of angle , the major part of flow 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 180°C, thus,
doubled dynamic impact can be obtained [22].

(6)
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When the operating fluid flow impacts on a series of alternating hemispheric blades, oncoming fluid
flow rate will be

Vi=%$0- V, (M)

where an = fdf)[(b60 - blade speed (D = housing diameter, n - housing rotation frequency, deduced from

experiments - 800 r/min).
With accountto (3) and (7), expression (6) will be as follows:

Pt=2*p*Y*(1+ cosoc)*(VO- V) (8)

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

Mo = Po* K, 9)

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

Mi = Pi *h1, (10)
Moment of operating fluid jet exhaust through channels 6 in the upper part of the power unit:

M2 =Pi/2*h2, (11)

where h2- distance between opposite channels ofthe power unit upper part.
The remaining part ofthe flow enters the internal chamber through side ports 5:

P2=p*Q2*V2rP2=p*Y *(1—cos oc) *i%® (12)

Moment of operating fluid jet exhaust through grooves 8 of the power unit lower part:
M3=P2*h3 (13)

where

Cumulative torque of the housing with account of the number of sections of external and internal
chamber and channels of the lower power unit:

EM = (MO+ Mi + M2 +M3) *4 (14)

Baseline data for recalculation:

Inclination angle of operating fluid feeding channels, a = 45°
Operating fluid density (water), p [kg/m3] 1000
Acceleration of gravity, g [m2s] 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
h2 0,07
h3 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%‘g%‘tﬁrs QQ Umin QQ Umin QQ l/min
40 60 80 40 60 80 40 60 80
POH 1913 2870 3826 3441 516l 688l 44,92 6733 8985
Pi 4619 6928 9238 8307 1246l 16614 10846 16270 21693
P2 793 1189 158 1426 2139 2852 1862 2783 I
Mg, H*m 110 16 220 18 297 39 258 387 517
M1 266 3% 531 478 716 955 6.24 935 1247
M2 162 242 32 201 436 581 380 569 759
M3 051 076 101 091 137 183 119 179 238
EM 2356 /24 470 M3 6342 8460 55.24 8240 11044

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

. Housing Fluid flow Differential Rotation Force .
MotorSir;(émlnaI diameter, rate, pressure, frequency, moment, Lerr?th, Wi'ght’
mm I/s MPa rpm N*m 9
MS-98 Dyna-drill 9% 82 345 460 475 585 220
Prototype . .
model 88 6-7 40 600-800 110,44 0,80 40

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.
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KeMOUMNAHAbI ¥LIbI/TAP B¥PIbINTAYTA APHANTT AH LOCKAMEPA/bI
ANHANTMANDBI TYnKI TUAPOLIO3rANTUbILL

AHHOTauua. XXep KoiHayblH MaiifanaHy LiapyacbiHAa "“Hrbl 6™proinay - aipbliyiia MaHbi3gbl. Kenemgi,
LWbIHalibl reonorvsanbIK annapaT any, KemoknaH4bl “Hrbl XXYprisy 3at0TeMea apKbl/bl iCKe acblpbliagbl. TexHoso-
rMANbIK MYMKIHAITIHE Opald, OnapablH K¥PbIIbICbIH XYPN3yre eH TMIMAI K¥pan-¥Hrbigarbl rMgpoKosranTKbIWTap,
6”prbl XX MbICbIH K¥0bIp Ti36eriH aiHangbipMaii Foke acbipagbl. 01eMAeri AHrbl KO3ra/iTKbILWTap Typabl M3liMageMe
6epeTiH aknapaT Ke3iHe »acanraH TaHgay 60WibIHLIA OnapabIH iWwiHgeri (BMHT, TypbuHa )X3He poTop) KeMoKMnaHb!
AHrblnap XYPrisy LwapTbiHa Call KeneTiHi - poTop TYpiHAerici 3bIHAbITbI KbiCKa, HEM3n ~HrblgaH 6”panatbiH
6YWViipni OKnaHHbIH panychiHa eHesi.
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XaHa (m3MKanblK 3aHAbINbIKTap Hen3wje KocKamepasbl, “Hrbigarbl FMAPOKO3ra/ITKbIWTLIH aliHaIMabl
TYpiHiH KengeHreini kepi Teby KYLi 6ap cbi3bachkl aHbIKTa/AbI, 3epTTeY HbiCaHbl 60/bIN GenrineHai. OHbIH X MbIC
KepeeTLULLL, K¥PblIbIMbIH €CENTENTIH 3gicTeMe dalibiHAangbl: y3biHAbIrbl - 0,80 M, canmarbl 40 Kr, CbIpTKbl 6en
CbI3bIrbl 88 MM 6onatbiH TaXK1pnbe YAriciHaeri rmapoKo3ranTKbILL Xacanibl.

TeopusanbIK ecenTey HITUXKeCi, 3epTxaHafiarbl CbIHAK KepceTKilTepi apKbiibl ganengeHgi. Hensn X Mbic
KEePCETKILITEPI XarbiHaH YArigeri rMgpoKo3ranTKbIW 3/1IeMAEN XXannan KofgaHbiCTarbl e3i TeHAeC rmMapoKo3rant-
KblLUTapAaH afaekainga 6acbim, TLWMAr

YNrigeri ruapoKo3ranTKbiWTapabl 6°prbl X MbICbIHa €HN3Y apKblbl AHrbl 67proiiay ascbiH KeHelTW, 6apnay
X MbICTaPbIHbIH Naiifa/bl Ka3ta GaiiNbIKTapabl HAIPYAIH LbIMbIHbIH a3anTajbl.

TYWVIiH ce3gep: reonorus, Gapnay, 67prol, “Hrbl, KernoknaHAbl, FMAPOKO3ranTKbIW, Cbi3ba, KepceTkiwTep,
MiHe3aeme.
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OBYXKAMEPHbIN 3ABOVHbIN rmarPoOABUTATE/Ib POTOPHOIO TUMA
ONA BYPEHUA MHOTITO3ABOUVHbBLIX CKBAXNH

AHHOTauusa. M3noxeHa 3HauMmMocTb crocoba GypeHus CKBaXWH B cepe Heaponosib3oBaHus. O6beMHbINA,
[OCTOBEPHbIA reoiorMyecknii MaTepman MOXHO MOAYYATb MOCPEACTBOM METOAA COOPYXXEHMSI MHOM03ab60iHbIX
CKB&XMH. M0 TEXHOMOrMYeCKUM BO3MOXHOCTAM Haumbonee 3(hdeKTUBHOe CpPefCcTBO-3a00MHble TMAPOABUraTeNy
OCYyLLECTBIAKOLLME OYpeHMS CKBXXMH Oe3 BpaLLeHMs 6YpUIbHOA KONOHHBI. M0 aHann3y MCTOYHMKOB MHOpMaLmK,
COAepXXalmMx CBeAeHUs 0 3ab0MHbIX ABUraTensix B MMpPe, U3 BCEX HUX (BMHTOBbIE, TYpOOGYpbI, POTOPbLI), COOTBET-
CTBYHOLLMMM YCIOBUAMU NPOBEAEHNA CKBaXMH C BOKOBbIMM CTBONaMU ABNAOTCA MMAPOABUraTeN POTOPHOIO TUNa,
masiorabapuTHble NO ANMHE, BNUCbIBAIOLLMECS B PAANYC KPUBM3HBI OTXO0AA OT OCHOBHOM CKBaXKMHbI.

Ha ocHoBe HOBOro (h3MHECKOro NPUHLMMNA CHOPMMPOBaHa KOHCTPYKTUBHASA CXeMa ABYXKaMEepPHOro 3aboinHoro
ruapoasuraTenisi pOTOPHOro TWMa, C MHOTOYPOBHEBbIM MOMEHTOM PEaKTVBHbIX CWfl, CTaBLUas O6BEKTOM MCCeso-
BaHWii. Pa3paboTaHa MeTOAMKa pacyeTa BbIXOLHbIX MNapamMeTpoB rUAPOABUIaTeNs, OnpefeneHbl TeXHUYecKue
Xapaktepuctuku: gnuHa - 0,80 m, macca 40 Kr npu gnameTpe Kopnyca 88 M.

M3roToBneH OMbITHbIA 06paseL, NpPOBeAeHbl 3KCMEPUMEHTbI C LieNbl0 NPOBEPKM CXOLMMOCTM Pesy/bTaToB
pacuyeTa 1 AaHHbIX 3KCrepumeHTa. o BbIXO4HLIM NapamMeTpam 1 TEXHUYECKUM XapaKTepucTMKaMm OnbITHbIV 06paseL
MIMEET 3HaUMNTe/IbHOE MPEVMYLLECTBO HaZ, 3apy6eXHbIM aHaoroM.

BHegpeHvem rugpoasuratens B MPOM3BOACTBO OYpoBbIX paboT, paclumpseTcs cdepa npuMeHeHWs GypeHus
CKB&XXMH, CHUX@eTCs CTOMMOCTb pa3BefKuM 1 f06bIUN NOME3HbIX UCKOMNaeMbIX.

KnioueBble cnoBa: reonorus, passefka, 6ypeHue, CKBaXMHA, MHOroszaboiiHoe, ruapogsuratenb, CXema,
napameTpbl, XapaKkTepUCTUKM.
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