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(57) Abregé/Abstract:

In one example, a nutating fluid-mechanical energy converter to power wellbore drilling Iincludes a fluid-mechanical device and a
rotation transfer device, each positionable in a wellbore drill string. The fluid-mechanical device includes a stator including an outer
cylinder having a longitudinal passage and a longitudinal guide positioned In the longitudinal passage, which, with the stator,
defines an annulus. A rotor cylinder Is positioned In the annulus. The rotor cylinder includes a sidewall with a guide opening to
receive the longitudinal guide. The rotor cylinder rotates within the stator along the longitudinal guide In response to the wellbore

drilling fluid flow through the annulus. The rotation transfer device transfers at least a portion of a rotation of the rotor cylinder to a
wellbore drill bit.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



015/116116 A1 N1 Y 00O 0 00 01

S

W

(43) International Publication Date

CA 02934615 2016-06-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

6 August 2015 (06.08.2015)

(10) International Publication Number

WO 2015/116116 Al

(1)

(21)

(22)

(25)

(26)
(71)

(72)

(74)

(81)

International Patent Classification:
E21IB 4/02 (2006.01) FO3B 13/02 (2006.01)

International Application Number:
PCT/US2014/013926

International Filing Date:
30 January 2014 (30.01.2014)

Filing Language: English
Publication Language: English
Applicant: HALLIBURTON ENERGY SERVICES,

INC. [US/US]|; 10200 Bellaire Blvd., Houston, Texas
77072 (US).

Inventors: MEHTA, Krunal Kanubhai; 11, Tuas South
Avenue 12, Singapore 637131 (SG). POYYARA, Ragi
Lohidakshan; Edenn Towers, Wakad, Pune 411057 (IN).
RAWOOL, Amitkumar Suresh; E-401, Jasminium,
Magarpatta, Maharashtra, Pune 411021 (IN).

Agents: SHRINIVASAN, Sushil et al.; Fish & Richardson
P.C., P. O. Box 1022, Minneapolis, Minnesota 55440-
1022 (US).

Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

(54) Title: NUTATING FLUID-MECHANICAL ENERGY CONVERTER TO POWER WELLBORE DRILLING

<110 114a 112 116  808b 808d 806  808f 808h <
/(\1/ Z_17 7 /\\/_; }/ = 7N \]\_‘-'\ SN N NN )\ N (x ~ r’\ N N7 7 ‘/._./ /LJ//< /\
’ "N = '—*O“\ R N
or1—114c CO Q. e O
- s | e—— A W |
— }*/\}'/ /7.’/}/.—»€=JV\J%HI\T'L\\\"\ N N S N WA \H/r_/n/;/,{"i///
) ( } l ) 3 TR ~ g
< 114b 116  808a 808c 808e 808g 808i 808; <
FIG. 8B

(57) Abstract: In one example, a nutating tfluid-mechanical energy converter to power wellbore drilling includes a tluid-mechanical
device and a rotation transter device, each positionable in a wellbore drill string. The tluid-mechanical device includes a stator in -
cluding an outer cylinder having a longitudinal passage and a longitudinal guide positioned in the longitudinal passage, which, with
€N the stator, defines an annulus. A rotor cylinder 1s positioned in the annulus. The rotor cylinder includes a sidewall with a guide open -
ing to receive the longitudinal guide. The rotor cylinder rotates within the stator along the longitudinal guide in response to the well -
bore drilling fluid flow through the annulus. The rotation transfer device transfers at least a portion of a rotation of the rotor cylinder
to a wellbore drill bit.
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NUTATING FLUID-MECHANICAL ENERGY CONVERTER TO POWER WELLBORE
DRILLING

TECHNICAL FIELD

[0001] This disclosure relates to supplying power for wellbore drilling.

BACKGROUND

[0002] In wellbore drilling, a drill bit is attached to a drill string, lowered into a well,
and rotated in contact with a subterrancan zone (e.g., a formation, a portion of a formation, or
multiple formations). The rotation of the drill bit breaks and fractures the subterranean zone
forming a wellbore. A drilling fluid (also known as drilling mud) is circulated down the drill
string and through nozzles provided in the drill bit to the bottom of the wellbore, and then
upward toward the surface through an annulus formed between the drill string and the wall ot
the wellbore. The drilling fluid serves many purposes including cooling the drill bit,
supplying hydrostatic pressure upon the formation penetrated by the wellbore to prevent
fluids from flowing into the wellbore, reducing torque and drag betwceen the drill string and
the wellbore, carrying the formation cuttings, i.e., the portions of the formation that are

fractured by the rotating drill bit, to the surface, and other purposes.

[0003] A high pressure pump (sometimes known as a mud pump) powers the
circulation of the drilling fluid through the wellbore drilling system under high pressure. In
some situations, the mud pump can be a positive displacement pump (PDM) having an
“expanding cavity on the suction side and a dccrcasing cavity on the discharge side. For

example, a positive displacement mud pump can include a lobe and a progressive cavity.

DESCRIPTION OF DRAWINGS
[0004] FIGS. 1A — 1C are schematic diagrams of an example wellbore drilling system

implementing an examplc power scction.

[0005] FIG. 2A is a perspective view of an asscmbled example nutating tluid-

mechanical energy converter included in the power section of FI1G. 1C.

[0006] FIG. 2B is a cross-sectional view of the energy converter of FIG. 2A.

[0007] FIG. 2C is a perspective view showing fluid flow through the energy converter
of FIG. 2A.
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[0008] FIG. 2D is a cross-sectional view showing an example rotor cylinder nutating

in the energy converter of FIG. 2A.

[0009] FIG. 3 illustrates an example of a longitudinal guide of the cnergy converter of
FIG. 2A.

[0010] FIG. 4 illustrates an example of a groove to receive the longitudinal guide of

FIG. 3.

[0011] FIG. 5 illustrates an example of a rotor cylinder that nutates on the

longitudinal guide of FIG. 3.
[0012] FIG. 6 is a schematic diagram of an example rotation transfer device.

'0013] FIG. 7A is a schematic diagram of a front view an example multi-stage

nutating fluid-mechanical energy converter included in the power section.

[0014] FIG. 7B is a schematic diagram of a side view of the cxample multi-stage

fluid-mechanical energy converter included in the power section.

[0015] FIG. 8A is a schematic diagram of an example power section used In

directional drilling.

[0016] FIG. 8B is a schematic diagram of an example powcr scction used 1n

directional drilling.

[0017] FIG. 8C is a schematic diagram of an example power section used in straight

drilling.

[0018] FIG. 9 is a flowchart of an example process for powering a wellbore drilling

system.

[0019] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0020] This disclosure relates to a nutating fluid-mechanical energy converter to

power wellbore drilling.  As described below, a wellbore drilling system includes a fluid-
mechanical device implemented to extract energy from a fluid flow and to convert the

extracted energy into a nutating motion. The wellbore drilling system also includes a rotation
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transfer device to transform the nutating motion of the fluid-mechanical device into rotation.

At least a portion of the rotation is transferred to the drill bit to drill the wellborc 1n the

subtc_rrancan ZOne.

(0021] In some implementations, the wellbore drilling system can be implemented as
the power scction of mud motor. By doing so, the conventional power section of positive
displacement motors (PDMs), which work on the basis of reverse Monieu principle, can be
augmented or replaced. The construction of the power section described here can be void of
lobes and consequently be simple and more economic relative to the conventional power
section. The power section described here may not stall or may stall less than the
conventional power section of PDMs. The conventional power section, ¢.g., the ¢lastomer,
can be damaged, e.g., by chunking of the stator when implemented with hostile mud, e.g,,
mud containing high benzene. Such damage can be decreased (e.g., minimized or
eliminated) by implementing the power section described here. The power section can also
be implemented to achieve higher torque relative to the conventional power section. In some
situations, the elastomers can be replaced with specialized coatings to decrease (c.g.,
minimize or ¢liminate) chunking. In addition, the elastomers can be of even thickness like

that of an ERT in conventional mud motor.

(0022] FIG. 1A is a schematic diagram of an example wellbore drilling system
implementing an example power section, A drilling rig 10 located at or above the surface 12
rotates a drill string 20 disposed in the wellbore below the surface. The drill string typically
includes drill pipc 22 and drill collars 24 that arc rotated to transfer torque down the wellbore
to a drill bit SO or other downhole equipment 40 (referred to as the “tool string”) attached to a
distal end of the drill string 20. The surface equipment 14 on the drilling rig 10 rotates the
drill string 20 and the drill bit 50 as the drill bit 50 bores into the subterrancan zone to form a
wellbore 60. In some implementations, the drill string 20 includes the wellbore drilling
system that includes the fluid-mechanical device and the rotation transfer device reterenced

above and described in dctail below.

[0023] FIG. IB is a schematic diagram of an example drilling assembly disposed 1n
the wellbore 60. In some implementations, the drilling assembly can be the drill string 20.
The distal end of the drilling assembly includes the tool string 40 driven by the wellbore

drilling system 100 which includes the fluid-mechanical device and the rotation transter

device positioned in a tubular housing.
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0024] FIG. 1C is a cross-sectional view of a schematic diagram of the wellbore
drilling system 100 positioned in the drill string 20. In some implementations, the wellbore
drilling system 100 includes the fluid-mechanical device 110 to be positioned in the wellbore
drill string 20. As described below, the fluid-mechanical device 110 includes a stator and a
rotor cylinder to rotate within the stator in responsc to wellbore drilling fluid flow through the
stator. The wellbore drilling system 100 further includes a rotation transfer device 112 to be
positioned in the wellbore drill string 120 and connected to the fluid-mechanical device 110.
The rotation transfer device 112 can transfer at least a portion of a rotation of the rotor

cylinder to the wellbore drill bit 50.

[0025] FIG. 2A is a perspective view of an assembled example fluid-mechanical
device 110 included in the wellbore drilling system 100. The device 110 includes a stator 202
and a rotor having a rotor cylinder 204, FIG. 2B is a cross-sectional view of the device 110
of FIG. 2A. As shown in FIG. 2B, the stator 202 includes a hollow outer cylinder 203 that
has a longitudinal passage 201. The stator 202 also includes an inner guide cylinder 205
positioned inside at least a portion of the outer cylinder 203, e.g., insidc the longitudinal
passage 201, to define an annulus 210 through which fluid (e.g., water, drilling mud, or any
other fluid) can flow. The inner guide cylinder 205 can be a solid cylinder or be at least
partially hollow. For example, the inner guide cylinder 205 can be a hollow cylinder with
closed ends. In some implementations, the outer cylinder 203 and the inner guide cylinder
205 can be substantially concentric. For example, the axes of the outer cylinder 203 and the

inner guide cylinder 205 can be co-linear (1.¢., coaxial).

10026] FIG. 3 is a perspective view of an example of a longitudinal guide 207 of the
fluid-mechanical device 110. The stator 202 includes the longitudinal guide 207 that 1s
positioned inside at Icast a portion of the outer cylinder 203, ¢.g., in the annulus 210. The
longitudinal guide 207 is attached to a portion of an outer surface 212 of the mner guide
cylinder 205 and extends outwardly toward an inner surface 214 of the outer cylinder 203. In
somec implementations, the longitudinal guide 207 comprises a rectangular cross-scction 302
(FIG. 3) and a rectangular side surface 304 (FIG. 3) that extends outwardly toward the inner
surface 214 of the outer cylinder 203 from the outer surface 212 of the inner guide cylinder
205. As shown in FIG. 3, the longitudinal guidc 207 can be a helical guide, i.e., wound
helically around the outer surface 212 of the inner guide cylinder 205. The helical guide can

span at least a portion of the length of the inner guide cylinder 203.

4
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[0027] FIG. 4 is a perspective view of an example of a groove 402 to receive the
longitudinal guide 207. In some implementations, the longitudinal guide 207 can connect the
outer surface 212 of the inner guide cylinder 205 and the inner surfacc 214 of the outer
cylinder 203. In some implementations, the outer cylinder 203 can include the groove 402
formed in the inner surface 214. The groove 402 can span at least a length of the outer
cylinder 203. The groove 402 can have a shape that is substantially similar (e.g., identical) to
that of the longitudinal guide 207. For example, to receive the longitudinal guide 207 in the
aroove 402, the groove 402 can have the same pitch and length as the helical guide 207. In
some implementations, the longitudinal guide 402 can be integrally formed with and rigidly
positioned within the groove, e.g., by welding, soldering or other permanent positioning
techniques.  In some implementations, the longitudinal guide 207 can be removably
positioned such that the longitudinal guide 207 can be removed from the annulus 210 while

allowing the stator 202 to be reused.

[0028] FIG. 5 is a perspective view of an cxamplc of a rotor cylinder that nutates on
the longitudinal guide 207. The device 110 can include a rotor cylinder 204 positioned m the
annulus 210 defined by positioning the inner guide cylinder 205 in the longitudinal passage
201 of the outer cylinder 203. In some implementations, the rotor is defined by the rotor
cylinder 204 having guide opening 502 positioned through at least a portion of a sidewall of
the rotor cylinder. In some implementations, the rotor cylinder 204 can have a cylindrical
cross-section and have the guide opening 502 machine cut into the rotor cylinder 202. The
euide opening 502 can be formed to correspond to a shapc of the longitudinal guide 207 such
that the longitudinal guide 207 is received in the guide opening 502. In some
implementations, a width of the guide opening 502 can be greater than a width of the
longitudinal guide 207. For example, the width of the guide opening 502 can be twice that ot
a width of the rectangular surface 302. Other widths for the guide opening 502 greater than
the width of the rectangular surface 302 and sufficient to decrcase (or eliminate) interterence
between the rotor cylinder 204 and the longitudinal guide 207 during nutation (described

below) are also possible.

[0029] FIG. 2C is a perspective view showing a direction of fluid flow through the
fluid-mechanical device 110. Whereas the outer cylinder 203 and the mner guide cylinder
205 are concentric, as shown in FIG. 2B, the rotor cylinder 204 1s eccentric relative to the

outer cylinder 203 and the inner guide cylinder 205. For example, an axis of rotation 208 of

>
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the rotor cylinder 204 is offset from an axis of rotation 206 of the inner guide cylinder 205 (or
the outer cylinder 203) as shown in FIG 2D. The eccentricity of rotation of the rotor cylinder
204 about the outer cylinder 203 and the inner guide cylinder 205 can be increased by
increasing a distance between an inner surface of the outer cylinder 203 and an outer surface
of the inner guide cylinder 205. Tor example, the eccentricity of rotation of the rotor cylinder
204 can be increased by increasing a height of the longitudinal groove 207. This arrangement
of the rotor cylinder 204 in the annulus 210 facilitates a nutation of the rotor cylindcr 204 in

the annulus 210 in response to fluid flow through the annulus.

[0030] FIG. 2C illustrates fluid flowing into the annulus 210 at an end of the device
110. The fluid (e.g., water, drilling mud, or other fluid) flows along the longitudmal axis 206
of the outer cylinder 203 (or the inner guide cylinder 20S5). As the fluid flows through the
annulus 210, the fluid contacts the rotor cylinder 204, The positioning of the guide opening
502 of the rotor cylinder 204 on the longitudinal guide 207 causcs the rotor cylinder 204 to

nutate within the annulus 210.

100311 FIG. 2D is a cross-sectional view showing an example rotor cylinder nutating
in the fluid-mechanical device 110. As the rotor cylinder 204 nutates within the annulus 210
in response to fluid flow through the annulus 210, the axis of rotation 208 of the rotor
cylinder 204 rotates about the axis of rotation 206 of the outer cylinder 203 (FIG. 2D). Ata
first time instant (¢;), the axis of rotation 208 of the rotor cylinder 204 1s at a first point 252
on the circular path 250. At ¢;, an outer surface of the rotor cylinder 204 contacts the mner
surfacc 214 of the outer cylinder 203 (at position 240), and an inncr surfacc of the rotor
cylinder 204 contacts the outer surface 212 of the inner guide cylinder 205 (at position 242).
The position 240 is diametrically opposite to the position 242, the diameter being that of the
rotor cylinder 204, i.c., passing through the axis of rotation 208 of the rotor cylinder 204.

[0032] At a second time instant (z;) subsequent to ¢;, the axis of rotation 208 of rotor
cylinder 204 is at a second point (not shown) on the circular path 250. At ¢, the outer surtace
of the rotor cylinder 204 contacts the inner surface 214 of the outer cylinder 203 at a position
that is different from position 240, Simultaneously, at 1, the inner surface ot the rotor
cylinder 204 contacts the outer surface 212 of the inner guide cylinder 205 at a position that
is different from position 242. In this manner, the rotor cylinder 204 is disposed tangentially
within the annulus 210. That is, an outer surface and an inner surface of the rotor cylinder

204 continuously contact the inncr surface 214 of the outer cylinder 203 and the outer surface

6
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212 of the inner guide cylinder 205, respectively, as the rotor cylinder 204 nutates within the
annulus 210. Over time, the axis of rotation 208 of the rotor cylinder 204 defines a
substantially circular path 250 around the axis of rotation 206 of the outer cylinder 203. The
combined rotation of the rotor cylinder 204 about the axis of rotation 208, and the rotation of
the axis of rotation 208 about the axis of rotation 206 of the outer cylinder 203 represents a

nutation of the rotor cylinder 204 within the annulus 210.

[0033] A direction of rotation of the rotor cylinder 204 within the annulus 210
depends on a direction in which the longitudinal guide 207 is helically wound on the nner
guide cylinder 205. If the rotor cylinder 204 rotates 1 a clockwise dircction, then the axis of
rotation 208 of the rotor cylinder 204 also rotates on the circular path 250 in the clockwise
direction, and vice versa. The guide opening 502 is positioned on the longitudinal groove
207 such that the rotor cylinder 204 rcceives a torque generated in response to flow of the
fluid through the annulus 210, the torque being responsible for the nutation of the rotor
cylinder 204 described above. To decrease (or eliminate) wear that can result from the
nutation of the rotor cylinder 204, a polymeric material (e.g., an elastomer, a rubber such as
nitrile butadiene rubber, or other wear-resistant material such as those used 1n mud motors)
can be disposed on the inner surface 214 of the outer cylinder 203 or the outer surface 212 of
the inner guide cylinder 205 or on an outer surface of the longitudinal guide 207 (or
combinations of them). Alternatively, or in addition, the polymeric material can be disposed

on the outer surface inner surface or the outer surface of the rotor cylinder 204 (or both).

[0034] FIG, 6 1s a sbhcmatic. diagram of an cxample rotation transfer device 112. In
some implementations, the rotation transfer device 112 can include a cam member having an
input end 604 that can be connected to a rotary output of the rotor cylinder 204 of the fluid-
mechanical device 110. The cam member can further include an output end 602 that be
connected to a bottom hole assembly that includes the wellbore drill bit S0. The mput end
604 of the rotation transfer device 112 has a central longitudinal axis that is coaxial with the
central longitudinal axis 108 of the rotor cylinder 204. When the input ecnd 604 of the
rotation transfer device 112 is connected to the rotor cylinder 204, e.g., using a bearing
connection, and when the rotor cylinder 204 rotates in the annulus 210, as described above,
the input end 604 also rotates within the drill string 20. The output end 602 of the rotation

transfer device 112 has a central longitudinal axis that is coax1al with the central longitudinal

axis 106 of the stator 202. When the input end 604 rotates within the drll string 20, the

7



output end 602 also rotates about the axis 106 of the stator 202. Consequently, a rotation of
the output end 602 of the rotation transfer device 112 is coaxial with the longitudinal axis 106
of the stator. By connecting the wellbore drill bit 50 to the output end 602 of the rotation
transfer device 112, e.g., using a bearing pack assembly, at least a portion of the rotation of

the rotation transfer device 112 can be transferred to the wellbore drill bit 50.

[0035] In some implementations, the rotation transfer device 112 shown in FIG. 6 can
be connected to the fluid-mechanical device 110 shown in FIG. 8A. The arrangement of the
stator 202 and the rotor cylinder 204 in the fluid-mechanical device 110 shown in FIG. 2B
represents a single stage device. Additional stages can be formed by assembling additional
stators and rotors 1n devices, as described above, and arranging the devices in series. FIG. 7A
1s a schematic diagram of a front view an example multi-stage nutating fluid-mechanical
energy converter 700 included in the power section. FIG. 7B is a schematic diagram of a side
view of the example multi-stage fluid-mechanical energy converter 700 included 1n the power
section. The multi-stage converter 700 shown in FIG. 7A represents an implementation
including five stages (e.g., a first stage 702, a second stage 704, a third stage 706, a fourth
stage 708, a fifth stage 710). The multi-stage converter 700 can be formed as a single,
integral device. In addition, an axial length of the device 700 can be incrcased by increasing
a number of helical turns of the longitudinal groove around the inner guide cylinder 714 and
by increasing a length of the guide opening in the rotor cylinder 716 positioned in the annulus

defined by the stator 712 and the inner guide cylinder 714.

[0036] As shown in FIG. 1C, an end of the rotor cylinder 204 of the fluid-mechanical
device 110 can be modified to enable a connection of the rotor cylinder with the input end
604 of the rotation transfer device 112, e.g., using bearings. The fluid-mechanical device 110
and the rotation transfer device 112 can be positioned in the drill string 20 to define a
wellbore drilling fluid flow path through which the drilling fluid can flow from the surface to
the wellbore drill bit 50. The wellbore drilling fluid flow path can include multiple flow
channels (e.g., a first slot 114a, a second slot 114b, a third slot 1 14c) positioned in the end of
the rotor cylinder that connects to thé input end 604 of the rotation transfer device. Each tlow
channel can have a first end in fluid contact with the fluid-mechanical device 110 (1.c., the
rotor cylinder) and a second end in fluid contact with the rotation transfer device 112. The
wellbore drilling fluid can flow from the surface through the wellbore drill string 50, into and

through the fluid-mechanical device 110 as described above, and exit the fluid-mechanical

CA 2934615 2017-11-07
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device 110 through the multiple flow channels. The wellbore drilling fluid can then flow 1n
an annulus 116 around the cam member of the rotation transfer device 112, and exit the

rotation transter device 112,

0037] In some implementations, the output end 602 of the rotation transfer device
112 can include a thrcaded conncction to connect the rotation transfer device 112 to the
wellbore drill bit 50. For cxample, the output end 602 of the rotation transfer device can
include a bearing pack assembly. The wellbore drilling fluid path can include additional flow
channels to receive the wellbore drilling fluid that exits the rotation transfer device 112. Each
flow channel can include a first end in fluid contact with the rotation transfer device 112
(e.g., the output end 602), and a second end in fluid contact with the wellbore drill bit 50.
The flow channcls can divert the wellbore drilling fluid that exits the rotation transfer device

112 into the wellbore drill string 20 causing the wellbore drilling fluid to flow toward the
wellbore drill bit 50.

[0038] Each of FIG. 8A and FIG. 8B is a schematic diagram of an example power
section used in directional drilling. The rotation transfer device 112 connected to the tluid-
mechanical device 110 operates in a manner similar to a constant vclocity shatt of a
conventional mud motor. The rotation transfer device 112 converts the nutation of the rotor
204 into rotation, which can be transferred to the wellbore drill bit 50. The wellbore drilling
system shown in FIGs. 8A and 8B can include additional constant velocity shatts (e.g., the
shaft 802) and a bent housing to drill the wellbore at desired angles. The bent housing can
have a fixed bent anglc or an adjustable bent angle. The constant velocity jomnt can
compensate the angle of the bent housing and transfer the same amount of torque at that
angle. FIG. 8C is a schematic diagram of an example power section used 1n straight drilling,
which includecs the fluid-mechanical device 110, the rotation transfer device 112, and a

bearing pack assembly.

[0039] The arrows in FIG. 8B show the flow path of the wellbore drilling tluid. As
described above, the wellbore drilling fluid flows through and exits the fluid-mechanical
device 110 through multiple flow channels (e.g., slots 114a, 114b, 114c). The wecllbore
drilling tluid flows through the annulus 116 defined between the wellbore drill string 20 and
the rotation transfer device 112, The wellbore drilling fluid re-enters the drill string through
multiple flow channels (e.g., slot 808a, slot 808b) and flows toward thc¢ constant velocity

joint 806 through the flow channel 808c. The wellbore drilling fluid enters another annulus

9
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defined by the flow channels 808f and 808g to flow through the bent housing. The wellbore
drilling fluid again re-enters the drill string through the flow channels 808h, 808;, and 8081,
and flows through the bearing pack assembly towards the wellbore drill bit 50. The number
of flow channels shown in the figures is exemplary; more or fewer flow channels can be

implemented to flow the wellbore drilling thuid.

(00401 FI1G. 9 is a flowchart of an examplc process 900 for powering a wellbore
drilling system. At 902, the fluid-mechanical device described above is positioned n a
wellbore drill string. At 904, a bottom hole assembly that includes the wellbore drill bit 50 1s
connected to an output of the rotor cylinder of the fluid-mechanical device. At 906, the drill
string, the fluid-mechanical device and the bottom hole assembly are positioned m the
wellbore. At 908, wcllbore drilling fluid is flowed down the drill string and through the
fluid-mechanical device. A torque is imparted on the rotor cylinder in response to the
wellbore drilling fluid flowing through the fluid-mechanical device. At 910, at least a portion
of the torque is transferred to the bottom hole assembly including the drill bit. At 912, the
drill bit is rotated with at least a portion of the torque. The rotation of the drill bit 1s uscd to

drill the wellbore in the tormation.

[0041] The torque imparted to the rotor cylinder 204 includes two components — a
pressure component and a viscous component. Above a threshold flow rate, the viscous
component is insignificant relative to the pressure component. The resultant of the pressure
exerts a net torque on the rotor cylinder 204. A computational model of the wellbore drilling
system 100 including the fluid-mechanical device 110 and the rotational transfer device 112
was developed. The performance of such a power section was compared to that of a

conventional mud motor. The table below shows a pressure drop versus torque for the power

section that was 11 inches long and includced a single stage.

10
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Torque (ft.1bf) Pressure drop (pst)
117 11.9 |
176 16.9
259 T 245 T
326 30.4
397 367
468 43.0
539 o 49.3 .
610 55.6
T 681 I 619
752 68.2
823 74.5
894 30.8

[0043] The table below shows pressure drop versus torquc for a conventional mud

motor having a size of 11 %4, 3:4 lobes, and 3.6 stages.

Torque (tt.1bt) Pressure drop (pst)
| (800 | 75
4000 150
6200 225
8400 T 300
10600 375

[0044] A plot of tbfque v/s pressure drop for the computational model of the power

section and the conventional mud motor reveals that both lines have the samce slope indicating

that the motor performances arc comparable. With increase in the number of stages in the

wellbore drilling system 100, the torque output can increase. The torque output and speed

can be varied by varying the eccentricity of rotor cylinder positioned in the annulus defined

by the outer cylinder and the inner guide cylinder of the stator. Thus, the wellbore drilling

system 100 can be implemented to achieve a higher torque output relative to a conventional

mud motor.

'0045] In general, one innovative aspect of the subject matter described here can be

implemented as a wellbore drilling system that includes a fluid-mechanical device and a

11
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rotation transfer device, each positionable in a wellbore drill string. The fluid-mechanical
device includes a stator including an outer cylinder having a longitudinal passage. The fluid-
mechanical device includes a longitudinal guide positioned in the longitudinal passage. The
stator and the longitudinal guide define an annulus. The longitudinal guide spans at least a
portion of a length of the stator. The fluid-mechanical device includes a rotor cylinder
positioned in the annulus. The rotor cylinder has a sidewall with a guide opening to receive
the longitudinal guide. The rotor cylinder is rotatable within the stator along the longitudinal
guide in response to the wellbore drilling fluid flow through the annulus. The rotation
transfer device is connected to the fluid-mechanical device to transfer at least a portion of a

rotation of the rotor cylinder to a wellbore dnll bit.

[0046] This, and other aspects, can include onc or more of the following features.
The rotation transfer device can include a cam member having an input end connectable to a
rotary output of the rotor cylinder, and an output end connectable to a bottom hole assembly
including the wellbore drill bit. The input end of the cam member can have a central
longitudinal axis coaxial with a central longitudinal axis of the rotor cylinder. The output end
of the cam member can have a central longitudinal axis coaxial with a central longitudinal
axis of the stator. The axis of the input end can be offset from the axis of the output end. A
rotational output of the rotation transfer device can be coaxial with the longitudinal axis of
the stator. A wellbore drilling fluid flow path can include multiple flow channels positioned

in an end of the rotor cylinder that connects to the input end of the rotation transter device.

Each flow channel can have a first cnd in fluid contact with the fluid-mechanical device and a
second end in fluid contact with the rotation transfer device. The wellbore drilling fluid
flowed through the wellbore drill string can flow into and through the fluid-mecchanical
device, exit the fluid-mechanical device through the multiple flow channels, tlow mn an
annulus around the cam member, and exit the rotation transfer device. The input end of the
rotation transfer device can include a bearing connection to connect to an end of the rotor
cylinder. The output end of the rotation transfer device can include a threaded connection to
connect to the wellbore drill bit. The output end of the rotation transfer device can further
include a bearing pack assembly. The rotor cylinder can define a first stage of the tluid-
mechanical device. The fluid-mechanical device can further include multiple serially
connected stages, each including a respective rotor cylinder positioned in the annulus. The

stator can further include an inner guide cylinder disposed longitudinally within the outer

12
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cylinder. The inner guide cylinder and the outer cylinder can define the annulus for wellbore
drilling fluid flow. The longitudinal guide can be positioned inside at least a portion of the
outer cylinder. The longitudinal guide can be attached to a portion of an outer surface of the
inner guide cylinder and extend outwardly toward an inner surface of the outer cylinder. The
rotor cylinder can include a sidewall with the guidc opening that receives the longitudinal
guide. The outer cylinder and the inner guide cylinder can be concentric, and the rotor
cylinder can be eccentric relative to the outer cylinder and the inner guide cylinder, The
longitudinal guide can include a helical gﬁide spanning at least a portion of the length of the
inner guide cylinder. A width of the guide opening can be greater than a width of the
longitudinal guide. The longitudinal guide can connect the outer surface of the inner guide
cylinder and the inner surface of the outer cylinder. The outer cylinder can include a groove
formed in the inner surface of the outer cylinder to receive the longitudinal guide. The

groove can span at Icast a length of the outer cylinder. An outer surface of the rotor cylinder

can continuously contact an inner surface of the outer cylinder as the rotor cylinder nutates in
response to flow of the fluid through the annulus. An inner surtace of the rotor cylinder can
continuously contact an outer surface of the inner guide cylinder as the rotor cylinder nutates
in response to flow of the fluid through the annulus. The wellbore drilling system can further
include a polymeric material disposed on an inner surface of the outer cylinder and an outer
surface of the longitudinal guide. The guide opening can be positioned on the longitudinal
aroove such that the rotor cylinder can rcecive a torque generated in response to flow of the

fluid through the annulus.

(0047] Another innovative aspect of the subject matter described here can be
implemented as a wellbore drilling system that includes a fluid-mcchanical device and a
rotation transfer device, each positionable in a wellbore drill string. The fluid-mechanical
device includes an outer cylinder having a longitudinal passage. An inner guidc cylinder 1s
disposed longitudinally within the outer cylinder. The inner guide cylinder and the outer
cylinder define an annulus for wellbore drilling fluid flow. A longitudinal guide is positioned
inside at lcast a portion of the outer cylinder. The longitudinal guide is attached to a portion
of an outer surface of the inner guide cylinder and extends outwardly toward an mner surface
of the outer cylinder. A rotor cylinder including a sidewall with a guide opening receives the
longitudinal guide. The rotation transfer device is connected to the fluid-mechanical device

and transfers at least a portion of a rotation of the rotor cylinder to a wellbore drill bit.

13
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(0048] This, and other aspects, can include one or more of the following features.
The wellbore drilling system can include a wellbore drilling fluid flow path including
multiple first flow channels. Each first flow channel can be positioned in an end of the rotor
cylinder that connects to an input end of the rotation transfer device. Each first flow channel
can have a first end in fluid contact with the fluid-mechanical device and a second end in
fluid contact with the rotation transfer device. The wellbore drilling fluid flowed through the
wellbore drill string can flow into and through the fluid-mechanical device, and exit the fluid-
mcchanical device through the multiple first flow channels, flow in an annulus around the
rotation transfer device, and exit the rotation transfer device. The wellbore drilling fluid tlow
path can include multiple second flow channels. Each second flow channel can be positioned
in an output end of the rotation transfer device. Each second flow channel can have a first
end in fluid contact with the rotation transter device and a second end in tluid contact with
the wellbore drill bit. The wellbore drilling fluid that exits the rotation transfer device can

flow into and through the multiple second flow channels toward the wellbore drill bit.

[0049] A further innovative aspect of the subject matter described here can be
implemented as a mcthod for rotating a drill bit of a wellbore drilling system. A fluid-
mechanical device is positioned in a wellbore drill string. The fluid-mechanical device
includes an inner guide cylinder in an outer guidc cylinder having a longitudinal passage to
define an annulus for wellbore drilling fluid flow. The inner guide cylinder and the outer
guide cylinder are concentric. A longitudinal guide is positioned inside at least a portion of
the outer cylinder. The longitudinal guide is attached to a portion of an outer surface ot the
inner guide cylinder and extends outwardly toward an inner surface of the outer cylinder.
The fluid-mechanical device includes a rotor cylinder in the annulus to be eccentric relative
to the inner guide cylinder and the outer cylinder. The rotor cylinder includes a guide
opening positioned through at least a portion of a sidewall of the rotor cylinder. The guide
opening is received on the longitudinal guide. A bottom hole assembly including a drill bit 1s
connected to an output of the rotor cylinder. The drill string, the fluid-mechanical device and
the bottom hole assembly are positioned in a wellbore. Wellbore drilling fluid is tlowed
down the drill string and through the fluid-mechanical device. A torque is imparted on the
rotor cylinder in response to the wellbore drilling fluid flowing through the fluid-mechanical
device. At least a portion of the torque is transferred to the bottom hole assembly including

the drill bit. The drill bit is rotated with at least a portion ot the torque.
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00507 This, and other aspects, can include one or more of the following features.
Transferring at least the portion of the torque can include providing a rotation transfer device
including a cam member. The cam mcember can have an input end connectable to a rotary
output of the rotor cylinder, and an output end connectable to a bottom hole assembly
including the wellbore drill bit. The input end of the rotation transfer device can be
connected to an ¢nd of the rotor cylinder. The input end can have a first axis. The output end
of the rotation transfer device can be connected to the bottom hole assembly. The output end
can have a second axis. The first axis of the input ¢cnd can be coaxial with an axis of the rotor
cylinder. The second axis of the output end can be coaxial with an axis of the outer cylinder.
Transferring at least the portion of the torque to the bottom hole assembly can include
converting rotation of the rotor cylinder about the first axis to a rotation of the output end of

the rotation transfer device about the second axis.

[0051] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and

scope of the disclosure.
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CLAIMS

1. A wellbore drilling system comprising:
a fluid-mechanical device positionable 1n a wellbore drill string, the fluid-mechanical
device comprising: ‘
a stator including an outer cylinder having a longitudinal passage;
a longitudinal guide positioned in the longitudinal passage, the longitudinal
guide spanning at least a portion of a length of the stator; and
a rotor cylinder positioncd in the longitudinal passage between the stator and the
longitudinal guide, the rotor cylinder having a sidewall with a guide opening to receive the
longitudinal guide, the rotor cylinder rotatable within the stator along the longitudinal guide 1n
response to a wellbore drilling fluid flow through the longitudinal passage; and
a rotation transfer device positionable in the wellbore drill string and connected to the
fluid-mechanical device, the rotation transfer device to transfer at least a portion of a rotation

of the rotor cylinder to a wellbore drill bit.

2. The system of claim 1, wherein the rotation transfer device comprises a cam member
having:
an input end connectable to a rotary output of the rotor cylinder; and

an output end connectable to a bottom hole assembly including the wellbore drill bit.

3. The system of claim 2, wherein the input end of the cam member has a central
longitudinal axis coaxial with a central longitudinal axis of the rotor cylinder and the output
end of the cam member has a central longitudinal axis coaxial with a central longitudinal axis
of the stator, wherein the axis of the input end is offset from the axis of thc output end,

whereby a rotational output of the rotation transfer device is coaxial with the longitudinal axis

of the stator.

4. The system of claims 2 or 3, further comprising a wellbore drilling fluid tlow path
including a plurality of flow channels positioned in an end of the rotor cylinder that connects to
the input end of the rotation transfer device, each flow channel having a first end 1n flud
contact with the fluid-mechanical device and a second end in fluid contact with the rotation
transfer device, wherein the wellbore drilling fluid flowed through the wellbore drll string

flows into and through the fluid-mechanical device and exits the fluid-mechanical device
16
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through the plurality of flow channels, flows in an annulus around the cam member, and exits

the rotation transfer device.

5. The system of claim 2, wherein the input end of the rotation transfer device comprises a
bearing connection to connect to an end of the rotor cylinder, and wherein the output end of the

rotation transfer device comprises a threaded connection to connect to the wellbore drill bit.

6. The system of claim 5, wherein the output end of the rotation transter device further

comprises a bearing pack assembly.

7. The system of claim 1, wherein the rotor cylinder defines a first stage of the fluid-
mechanical device, and wherein the fluid-mechanical device further comprises a plurality of
serially connected stages, each stage comprising a respective rotor cylinder positioned in a

respective longitudinal passage.

8. The system of claim 1, wherein the stator further comprises an inner guide cylinder
disposed longitudinally within the outer cylinder, the inner guide cylinder and the outer
cylinder defining an annulus for the wellbore drilling fluid flow, wherein the longitudinal guide
is positioned inside at least a portion of the outer cylinder, the longitudinal guide attached to a
portion of an outer surface of the inner guide cylinder and extending outwardly toward an inner

surface of the outer cylinder.

9. The system of claim 8, wherein the outer cylinder and the inner guide cylinder are
concentric, and the rotor cylinder is eccentric relative to the outer cylinder and the inner guide

cylinder.
10.  The system of claim 8, wherein the longitudinal guide comprises a helical guide

spanning at least a portion of the length of the inner guide cylinder, and wherein a width of the

guide opening is greater than a width of the longitudinal guide.

17
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11. The system of claim 8, wherein the longitudinal guide connects the outer surface of the
inner guide cylinder and the inner surface of the outer cylinder, and wherein the outer cylinder
includes a groove formed in the inner surface of the outer cylinder to receive the longitudinal

gulide, the groove spanning at least a length of the outer cylinder.

12. The system of claim 8, wherein an outer surface of the rotor cylinder continuously
contacts an inner surface of the outer cylinder as the rotor cylinder nutates in response to tlow
of the wellbore drilling fluid through the annulus, ahd wherein an inner surface of the rotor
cylinder continuously contacts an outer surface of the inner guide cylinder as the rotor cylinder

nutates in response to flow of the fluid through the annulus.

13.  The system of claim &, further comprising a polymeric material disposed on an inner

surface of the outer cylinder and on an outer surface of the longitudinal guide.

14, The system of claim 11, wherein the guide opening 1s positioned on the groove such
that the rotor cylinder receives a torque generated in response to tflow of the wellbore drilling

fluid through the annulus.

13. A wellbore drilling system comprising:
a fluid-mechanical device positionable in a wellbore drill string, the fluid-mechanical
device comprising:
an outer cylinder having a longitudinal passage;
an inner guide cylinder disposed longitudinally within the outer cylinder, the
inner guide cylinder and the outer cylinder defining an annulus for wellbore drilling tluid tlow;
a longitudinal guide positioned inside at least a portion of the outer cylinder, the
longitudinal guide attached to a portion of an outer surface of the inner guide cylinder and
extending outwardly toward an inner surface of the outer cylinder;
a rotor cylinder including a sidewall with a guide opening to receive the
longitudinal guide; and
a rotation transfer device positionable in the wellbore drill string and connected to the

fluid-mechanical device, the rotation transfer device to transfer at least a portion of a rotation

of the rotor cylinder to a wellbore drill bit.

18
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16.  The system of claim 15, further comprising a wellbore drilling fluid flow path including
a plurality of fairst flow channels, each first flow channel positioned in an end of the rotor
cylinder that connects to an input end of the rotation transfer device, each first flow channel
having a first end 1n fluid contact with the fluid-mechanical device and a second end in fluid
contact with the rotation transfer device, wherein the wellbore drilling fluid flowed through the
wellbore drill string flows into and through the fluid-mechanical device, and exits the fluid-
mechanical device through the plurality of first flow channels, flows in an annulus around the

rotation transter device and exits the rotation transfer device.

17. The system of claim 16, wherein the wellbore drilling fluid flow path includes a
plurality of second flow channels, each second flow channel positioned in an output end of the
rotation transfer device, each second flow channel having a first end in fluid contact with the
rotation transfer device and a second end in fluid contact with the wellbore drill bit, wherein
the wellbore drilling fluid that exits the rotation transfer device flows into and through the

plurality of second flow channels toward the wellbore drill bit.

18. A method for rotating a drill bit of a wellbore drilling system, the method comprising:
positioning a fluid-mechanical device in a wellbore drill string wherein said fluid-
mechanical device includes:
an inner guide cylinder in an outer guide cylinder having a longitudinal passage
to define an annulus for wellbore drilling fluid flow, wherein the inner guide cylinder and the
outer guide cylinder are concentric, and wherein a longitudinal guide is positioned 1nside at
least a portion of the outer cylinder, the longitudinal guide attached to a portion of an outer
surface of the inner guide cylinder and extending outwardly toward an inner surface of the
outer cylinder; and
a rotor cylinder in the annulus to be eccentric relative to the inner guide cylinder
and the outer cylinder, the rotor cylinder comprising a guide opening positioned through at
least a portion of a sidewall of the rotor cylinder, the guide opening to be received on the
longitudinal guide;
connecting a bottom hole assembly including a drill bit to an output of the rotor
cylinder;
positioning the drill string, the fluid-mechanical device and the bottom hole assembly in

a wcllbore;:

19
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tlowing wellbore drilling fluid down the drill string and through the fluid-mechanical
device, wherein a torque 1s imparted on the rotor cylinder in response to the wellbore drilling
tluid flowing through the fluid-mechanical device;

transferring at least a portion of the torque to the bottom hole assembly including the
drill bit; and

rotating the drill bit with at least a portion of the torque.

19. The method of claim 18, wherein transferring at least thc portion of the torque

COMpIrIsESs:
providing a rotation transter device including a cam member having:
an 1input end connectable to a rotary output of the rotor; and
an output end connectable to a bottom hole assembly including the wellbore
drill bit;
connecting the input end of the rotation transfer device to an end of the rotor cylinder,
the 1nput end having a first axis; and
connecting the output end of the rotation transter device to the bottom hole assembly,

the output end having a second axis.

20.  The method of claim 19, wherein the first axis of the input end is coaxial with an axis
of the rotor cylinder, wherein the second axis of the output end is coaxial with an axis of the
outer cylinder, and wherein transferring at least the portion of the torque to the bottom hole
assembly comprises converting a rotation of the rotor cylinder about the first axis to a rotation

of the output end of the rotation transfer device about the second axis.

20)
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POSITION A FLUID-MECHANICAL
DEVICE IN AWELLBORE DRILL STRING

CONNECT A BOTTOM HOLE ASSEMBLY

TO THE FLUID-MECHANICAL DEVICE

POSITION THE DRILL STRING,
FLUID-MECHANICAL DEVICE AND THE
BOTTOM HOLE ASSEMBLY IN THE WELLBORE

FLOW WELLBCORE DRILLING FLUID

DOWN THE DRILL STRING AND THROUGH
THE FLUID-MECHANICAL DEVICE

TRANSFER AT LEAST A PORTION OF A

TORQUE IMPARTED ON THE ROTOR
CYLINDER TO THE BOTTOM HOLE ASSEMBLY

ROTATE A DRILL BIT INCLUDED IN THE
BOTTOM HOLE ASSEMBLY USING THE TORQUE
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