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(57) Abréegée/Abstract:

Disclosed embodiments include a bladeless generator carried by drilling string and disposed to employ mud flow through the drill
string or return flow along the exterior of the drill string to drive the bladeless generator utilizing the boundary layer effect of fluid flow
across a plurality of disks to generate electricity. The bladeless generator can be spaced apart from the primary flow path so as not
to significantly disrupt flow therethrough. A portion of the primary flow path Is diverted with flow channels or apertures to direct the
diverted portion of the flow tangentially across a portion of the edges of the disks. The bladeless generator can be utilized to power
electric downhole equipment, such as monitoring equipment or directional drilling steering equipment.
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FIG. 2

(57) Abstract: Disclosed embodiments include a bladeless generator carried by drilling string and disposed to employ mud flow
through the drill string or return flow along the exterior of the drill string to drive the bladeless generator utilizing the boundary layer
ettect of fluid flow across a plurality of disks to generate electricity. The bladeless generator can be spaced apart from the primary
flow path so as not to significantly disrupt tlow therethrough. A portion of the primary tlow path 1s diverted with tflow channels or
apertures to direct the diverted portion of the flow tangentially across a portion of the edges of the disks. The bladeless generator can
be utilized to power electric downhole equipment, such as monitoring equipment or directional drilling steering equipment.
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DOWNHOLE BLADELESS GENERATOR

FIELD OF THE DISCLOSURE

The present disclosure relates to equipment and techniques for generating power downhole
in a wellbore during drilling. More particularly, this disclosure provides a downhole
generator that employs a plurality of rotatable disks vertically arranged relative to the
drilling fluid flow through a drill string which are utilized to drive génerators for the

production of electricity.
DESCRIPTION OF THE RELATED ART

Many downhole tools utilized in drilling require electrical power for operation, mcluding
sensor tools, measurement-while-drilling (MWD) tools, rotary steerable tools, etc. In the
past, the most common source for supplying electrical power to such tools were either
batteries locally positioned along the drill string or integrated with the tool, or alternatively,
clectrical lines extending down from the carth's surface. Batteries with the capacity
necessary for such downhole operations are typically large, and therefore, undesirable
because of space constraints downhole. Moreover, many batteries cannot operate for an
extended period of time at downhole temperatures and pressures as demanded by many
operations. Electrical lines extending from the surface can mnterfere with drilling fluid flow
or access 1if they are positioned within a tubing string, and such electrical lines can be

damaged if they are positioned mside or outside of the tubing string.

As an alternative to batteries or clectrical lines, various types of downhole power

generators have been devised for supplying power to one or more downhole tools. Many
of these downhole generators use fluid power, re. drilling mud, transmitted from the
surface to the bottom hole assembly to rotate a rotor disposed within the drillsting annulus.
Working in conjunction with a stator, the system drives the shait of a generator to producce

electricity. The fluid flow then continues on through the annulus.

One drawback to such a generator 1s the need to maintain a certain mud pressure in order to
drive the rotor. Another drawback to such a system is that it interferes with the drilling

fluid flow through the drillstring’s main annulus. Additionally, such systems experience
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cavitation when gas 1s entrained 1n the hiquid. Moreover, mixed variable flow regimes, 1.¢.,
gas and liquid, can reduce performance or require modified gearing for the rotor. Fimally,

such systems are very intolerant to abrasive fluids or fluids with high solid content.

Thus, 1t would be desirable to provide a downhole generator that can be operated
regardless of the flow regime with minimal impact on performance. Morcover, it would be
desirable to provide a downhole generator that likewise, will have minimal impact on the

primary flow ot drilling fluid through the drillstring.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 iliustrates a drilling platform with a drill string carrying a bladeless generator.

Figure 2 illustrates a cut-away side view of two bladeless generators disposed along the

internal fluid flow path of a drill string.

Figure 3 illustrates a cut-away axial view of a plurality of bladeless generators disposed

along the internal fluid flow path of a drill string.

Figure 4 1llustrates a cut-away axial view of a single bladeless generator disposed along the

internal fluid flow path of a drill string.

Figure 5 illustratcs a plurality of disks utilized 1n one embodiment of a bladeless gencrator.

Figure 6 1llustrates a side view of one embodiment of a disk utilized in embodiments of a

bladeless generator.

Figure 7 illustrates a cut-away axial view of a single bladcless gencrator disposcd along a

flow path external to a drill string.

Figure 8 illustrates a flow-chart of one embodiment of a method of generating downhole

clectricity utilizing the bladeless generators of the invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The foregoing disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments and/or configurations discussed.
Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,” “upper,”
“uphole,” “downhole” and the like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s) or feature(s) as illustrated in the
figures. The spatially relative terms arc intended to encompass different orientations of the
apparatus in use or operation n addition to the orientation depicted in the figures. For
example, if the apparatus in the fipures is turned over, elements described as being “below”
or “beneath” other elements or features would then be oriented “above” the other elements
or features. Thus, the exemplary term “below™ can encompass both an orientation of above
and below. The apparatus may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein may likewise bc interpreted

accordingly.

With reference to FFIG. 1. there 1s shown a drilling rig 10 generally positioned at the surface
12 of a formation 14. A wellbore 16 extends into a formation 14 from the surface 12. A
drill string 20 extends down from drilling rig 10 and into wellbore 16. The drill string 20
generally Includes a bottom hole assembly (*“BHA™) 22 and a drill bit 24 carried by a
plurality of pipe or drill collar sections 26. Drill string 20 may include other tools or
instruments 28 utilized during drilling, such as sensor tools, measurement-while-drilling
(MWD) tools, rotary steerable tools and the like. Return wellbore fluid 18 is disposed

within the annulus 29 formed between formation 14 and drill string 20.

With reterence to FIG. 2, a cross-scetional view of onc embodiment of a downhole electric
generator system 30 ot the disclosure 1s tllustrated. System 30 generally includes a pipe
collar or sub housing 32 defined along an elongated axis 34 with a main bore 36 formed
within pipe collar 32. Flow lines 33 are provided to illustrate the general direction of flow
of drilling mud as it passes through system 30 when system 30 is disposed along a drill
string 20. Positioned within pipe collar 32 are one or more tesla turbines or bladeless
generators 38,  Each bladeless generator 38 includes one, and preferably a plurality of

rotatable generator disks 40 and at least one gencrator coil and magnet system 42. Disks
3
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40 arc mounted on a drive shaft 43 (see FIGS. 3 and 4) disposed along an axis 44 that 1s
preferably perpendicular to the elongated axis 34 so that each disk mounted on drive shaft
43 1s vertically oriented to enhance pertormance of thc system. Although such an
oricntation 1s prcferable, it will be understood that disks 40 may have any orientation
relative to axis 34 so long as a portion of the flow 33 1s directed across the disk 40 as

described below.

More specifically, persons of ordinary skill in the art will appreciate that bladeless
generators 38 as described herein are centripetal flow turbines that utilizes the boundary
layer effect of fluid flow across the perimeter edge of a plurality of disks 40. As fluid
drags across the surface of the disks 40, the disks 40 rotate the drive shaft 43 of generator
38. The rotational energy is provided by the surface layer effect as opposed to fluid
impinging on blades or veins as 1s taught in prior art downhole generators.  Fluid {low
spiraling towards the center of the disks 40 can be exhausted back into the drilling fluid
tflow stream utilizing and exhaust system, such as apertures 52 as discussed below and
shown in FIG. 6. Disks 40 are preferably smooth across their surface to minimize surface
and shear losses. Moreover, disks are preterably thin to miniumize drag and turbulence at
disk edges. Disk 40 diameters may be sclected based on the contines of the system in
which the bladcless generators 38 are utilized. In certain embodiments, the diamcters of
disks 40 are no more than the standard outcer diamcter dimension of drill pipe common in
the industry, namely 2 3/8” OD - 6 5/87 OD. Of course, larger diameter disks may be
utthzed n fluid flow systems with larger diameter pipe or casing. Thus, the bladeless
generators of the disclosure are positioned along a fluid flow system of a wellbore to
generate electricity for use by electrical equipment utilized in association with the

wellbore.

In any event, the bladeless generator 38 is mounted on a support structure 46 so that a
portion of the tflow 33 within bore 36 passes across the perimeter edge of disks 40. Thizs,
disks 40 may simply be mounted on support structure 46 so as to partially cxtend into bore
36 a sufficient distance that a portion of the flow therethrough passes across the outer
edges of the disks 40. In this regard, a disk may be characterized as having a surface area
and 1n certain embodiments, no more than one half of the surface area of the disk extends
Into the bore, and preferably only a lesser portion of the surface area of the disk extends

into the bore as desired to optimize the spiraling flow of fluid across the surface of the disk
4
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characteristic ot the boundary layer etfect. In an embodiment 1illustrated in FIG. 2, support
structure 46 may be an insert 46a disposed to mount within the bore 36 of a pipe collar 32.
Support structure 46 may include one or more flow diversion mechanisms or structures,
such as flow channels 48, generally disposed to direct a portion of the drilling fluid flow 33
across a portion of the disks 40. In this regard, bladeless generators 38 may have any
orientation with respect to axis 34 so long as flow channels are correspondingly disposed to
divert a portion of the flow 33 from main bore 36 and direct the diverted portion of the

flow 33 across disks 40 as described herein.

In another embodiment as best seen in FIG. 3, support structure 46 may be a plate 46b
mounted within pipe collar 32. The plate may include a first aperture 49 generally
disposed to allow flow along the bore 36 to pass therethrough and a second aperture 50
functioning as a flow diversion mechanism or structure and disposed in plate 46b to direct
at least a portion of drilling fluid flow 33 across a portion of the disks 40 mounted on plate
46b. In certain embodiments, aperture 50 may be selectively operable to adjust flow
thercthrough. Apcrturc 50 may be fully open when a certain level of power generation 1s
required, closed when power generation 1s not required, or partially opened to adjust power

generation.

With continued reference to FIG. 3, although support structure 46 may support only a
single bladeless generator 38, in certain preferred embodiments, support structure 46 may
support a plurality of bladeless generators 3K8. Although not limited to a particular
arrangement, as 1llustrated i FI1G. 3, the plurality ot bladeless generators arce radially
spaced about axis 34, preferably in a symmetrical arrangement. In FIG. 3, eight bladeless

generators are illustrated, although more or fewer may be used depending upon, among

other things, power generation requirements and space constraints.

As discussed above, while bladeless generators 38 are primarily described as oriented so
that disks 40 are generally radially oriented about axis 34 as is illustrated i FIG. 3, certain
embodiments of the disclosurc are not limited to a particular orientation of generators 3&.
For example, the bladeless generators of 38 may be oriented so that disks 40 are

tangentially arranged on a radius about axis 34. In such case, an aperture 50, flow channel

e

‘om bore 36 to rotate

48 or similar structures may be utilized to divert a portion of flow 33

disks 40.
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[Furthermore, in certain embodiments, at least two, bladeless generators 38 may be axially

spaced along drill collar 32, such as 1s illustrated in FFIG. 2.

When bladcless generators 38 arc axially spaced, two or more support structurcs 46 axially
spaced apart may likewise be utilized. In this regard, each axially spaced support structure

46 may also support a plurality of bladeless generators 38.

[n another embodiment, as best seen in FIG. 4, bladeless generator 38 may simply be
mounted on support structure 46 so that at least a portion of the disks 40 extend into the

main flow bore 36.

FIG. 5 illustrates a set of disks 40 disposed on axis 44, while FIG. 6 illustrates a side view
of a disk 40. In certain preferred embodiments, disks 40 may include one or more
apertures 52 disposed therethrough to allow fluid to flow between disks. Such apertures 52
may also be used to exhaust flow on the disks 40 back to main bore 36. Each disk may

include a hub or spacer 54 so as to adjust the spacing between adjacent disks.

Although the various embodiments of the system 30 above have been described as being
internally positioned within a drill collar in order to utilized drilling fluid flow along bore
36 to drive disks 40, in other embodiments of the disclosure, bladeless generators 38 may
be carried by a drill collar 32 so as to utilize return flow in the wellbore annulus 29 to drive
disks 40. In this case, the fluid flow system is the cased or uncased wellbore and utilizes

fluid flow up the wellbore to drive the bladeless generators.

Thus, in one embodiment of the disclosure, as illustrated in FIG. 7, disks 40 are carried by
pipe collar 32 so as to intersect with the return flow of drilling fluid passing across the
cxterior surface 56 of pipe collar 32. In such case, disks 40 may extend out into the flow
stream or alternatively, may include a channc! 38 to direct a portion of the return flow
stream across disks 40. Bore 36 may be co-axial with pipe collar 32 or may be offsct as
shown so as to permit additional space within pipe collar 32 to position bladelcss

generators 38.

CA 2891318 20177-07-26
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While pipe collar 32 has been described with reference to a drill string, pipe collar 32 may
be a housing or sub disposed to support one or more bladeless generators 38 for usc in
production wellbores or other piping associated with transmission of fluids. Such a system
may include an arrangement such as illustrated in FIG. 7, but without an enclosed internal
annulus. For example, channcl 58 may be arranged to direct a portion of the tlow up a
cased or uncased production wellbore through flow passages passing through the housing
and back out into the production flow stream. The housing may be supported and lowered
into a producing wellbore on any elongated support structure extending into the wellbore,
such as a wireline, slickline, pipeline, umbilical cord, coiled tubing, pipe string or cable.
The housing may include other equipment, such as an energy storage system. Likewise, In
order to generate electricity in remote locations, bladeless generators may be positioned
oenerally within the axial flow path of fluids utilized during drilling or recovery or
transmission of hydrocarbons. For example, bladeless generators may be positioned along
the drilling fluid supply lines of a drilling fluid supply system 62 at the surface. In another
embodiment, system 30 may be positioned at a wellhead to drive monitoring electronics
utilized in producing wellbores. In another embodiment, system 30 may be positioned in
remote transmission lines and utilized to drive monitoring electronics in such remotc
locations. In such case, a hydrocarbon distribution system may comprise a pipcline, with
electrically operated monitoring equipment disposed to monitor the pipcline and a
bladeless generator disposed to generate clectricity to operate the monitoring equipment.
In another embodiment, system 30 may be incorporated as part of a blowout preventer

(“BOP”) 64 and utilized as a source of power for various BOP tunctions.

In any event, as generator 38 generates electricity, the electricity can be stored locally to
the system 30 in an energy storage system 60 (see FIG. 1 as a non-limiting example) such

as batteries, capacitors, or the like.

With the foregoing system in mind and referencing FIG. 8, a method 200 for practicing the
system of the disclosure includes a step 202 of deploying a bladeless generator within a
wellbore or otherwise deploying the bladeless generator along a fluid flow path associated
with the wellbore. In step 204, a portion of the tluid flow 1s directed across one or more
disks of the bladeless generator. This may be accomplished by positioning the bladeless
gencrator so that at least a portion of the disks extend into a main tluid tlow stream or

otherwise, by diverting a portion of the main fluid flow stream across the disks. In step
7
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206, the boundary layer effect of fluid flow across the disks cause rotation ot the disks.
This rotational energy drives a drive shaft permitting the coils and magnets of a generator
to convert the rotational energy to electric energy. Thereafter, in step 208, the generated
electricity can be utilized to power tools or instruments or other electric ¢quipment
associated with the wellbore, such as monitoring electronics disposed i the wellbore. 1n
step 210, the diverted portion of the main fluid flow can then be exhausted back into the
main fluid flow stream. The fluid flow stream can be the drilling mud utilized to drill a
wellbore, the return drilling mud passing up an annulus, production hydrocarbons m a
producing wellbore or other flow strcam, such as a drilling fluid mjection strcam or
hydrocarbon distribution stream, utilized in association with the wellbore. The electricity

may be stored at the surface or locally within the wellbore and utilized as needed.

By utilizing surface layer effect, the foregoing generators 38 arc more tolerant than prior
art downhole generators to fluids that are abrasive, viscous or contain solids. Moreover,
the system of the disclosure is able to generate power, without modification, regardless of
the liquid or gas composition of the motive fluid. As such, the system 1s particularly suited
for operating in both overbalanced and underbalanced drilling cnvironments, regardless ot

whether the fluid 1s mud, foam or gas.

The discs of the generators 38 can also be mounted so as to have little or no impact on the
flow through the main bore during drilling procedures. This results in a “thru-bore” design
by providing for substantially unobstructed drilling fluid flow through the length of the
tool. Persons of ordinary skill in the art will appreciate that this 18 particularly desirable 1f

fishing operations are required during drilling procedures.

Finally, if the bladeless generators are disposed in remote locations, such as the sea-floor,
elimination of the blades/vanes of the prior art devices will increase reliability over the
prior art. More specifically, blades/vanes of the prior art are prone to wear when subjected
to abrasive fluids, thereby diminishing generator efficicncy. The usc of discs 1n a bladeless

gencrator are much Iess pronc to wear, thereby reducing maintenance frequency and costs.

[t will be appreciated to those skilled in the art having the benefit of this disclosure that the

method and apparatus described herein is believed to provide systems and methods

utilizing continuous variable transmissions for use in drilling and other applications.
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Further modifications and alternative embodiments of various aspects of the disclosure will
be apparent to those skilled in the art in view of this description. Accordingly, this
description 15 to be construed as illustrative only and is for the purposc of tcaching those
skilled in the art the general manner of carrying out the system and method of the
disclosure. It 15 to be understood that the forms of the disclosure shown and described
herein are to be taken as the presently preferred embodiments. Elements and materials may
be substituted for those illustrated and described herein, parts and processes may be
reversed, and certain features of the disclosure may be utilized independently, all as would
be apparent to one skilled in the art after having the benctit of this description of the

disclosure. Changes may be made m the elements described heremn without departing from

the spirit and scope of the disclosure as described 1n the following claims.
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CLAIMS

[ claim;

1. A downhole electric generator system comprising:

an elongated tubular housing with an elongated axis, the housing having an exterior
surface and further defining a fluid flow path; and

a bladeless generator carried by the housing, the bladeless generator comprising at
least one disk mounted on a drive shatt, the at least one disk having a perimeter;

wherein the at least one disk intersects the fluid flow path tangentially at the

pcrimeter of the at least one disk.

2. The downhole electric generator system of claim 1, wherein the tubular housing
comprises a bore internally disposed within the tubular housing along the axis, wherein the
bore detines a portion of the fluid flow path and the bladeless generator is carried by the

housing so that the drive shaft is spaced apart from the elongated axis.

3. The downhole electric generator system of claim 1, wherein the fluid flow path is
along the exterior surface of the tubular housing and the bladeless generator is carried by
the housing so that a portion of the at least one disk extends beyond the exterior surface of

the housing.

4. The downhole electric generator system of claim |, further comprising a plurality

of disks mounted on the drive shaft.

H

5. The downholc clectric generator system of claim 2, further comprising a flow

channel defining a portion of the fluid flow path, the flow channel in fluid communication
with the bore so as to divert a portion of flow passing through the bore, the flow channel

disposed to tangentially intersect the perimeter of the at least one disk.

6. The downhole electric generator system of claim 1, wherein the elongated tubular

housing is a sub carried by a drill string,

7. T'he downhole electric generator system of claim 1, wherein the elongated tubular

housing is a sub carried by a wireline.
10
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8. The downhole electric generator system of claim 1, further comprising at least two
bladeless generators carried by the housing, wherein the at least one disk of each bladeless

generator intersects the fluid flow path tangentially at the perimeter of the at least one disk.

9. The downhole electric generator system of claim 8, wherein the bladeless

generators are spaced apart radially from one another about the fluid flow path.

10.  The downhole electric generator system of claim 8, wherein the bladeless

generators are spaced apart axially from onc anothcer along the tfluid flow path.

1.  The downhole clectric generator system of claim 1, further comprising a support
structure on which the bladeless generator i1s mounted, wherein the support structure 1s

mounted to the housing.

[2. The downhole electric generator system of claim |1, wherein the support structure
comprises a flow diversion mechanism to divert a portion of the flow and direct the

diverted flow across the at least one disk of the bladeless generator.

13.  The downhole electric generator system of claim [, [urther comprising an energy

storage system carried by the elongated tubular housing.

14. A wellbore system for use with a wellbore extending into a formation, the system
comprising:

a fluid flow systcm;

electric equipment for use in association with the welibore;

a bladeless generator carried by a housing, the bladeless generator comprising at
least one disk mounted on a drive shaft;

wherein the at least one disk intersects the fluid tlow system tangentially at the
perimeter of the at least one disk; and

wherein the bladeless generator 1s positioned along the fluid flow system and

disposed to generate electricity to power the electric equipment.

I
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15, The wellbore system of claim 14, wherein the fluid flow system is a drill string.

16.  The wellbore system of claim 14, wherein the fluid {low system 1s a wellbore
casing.
17.  The wellbore system of claim 14, wherein the fluid flow system is a drilling mud

delivery system.

18. A method for generating electricity by a wellbore system, the method comprising
the steps of:

positioning a bladcless gencrator along a fluid flow system of a wellbore, wherein
the bladeless gencrator comprises at least one disk mounted on a drive shatt, the at least
onc¢ disk having a perimeter, and wherein the at least one disk intersects the fluid flow
system tangentially at the perimeter of the at [east one disk;

causing at lcast a portion of fluid flowing in the fluid flow system to pass across the
at least one disk of the bladeless generator;

utilizing a boundary layer effect of fluid flow across the at least one disk to

generate electricity.

19.  The method of claim 18, further comprising a step of operating electric wellbore

cquipment utilizing the bladeless generator.

20.  The method of claim 18, wherein the step of causing at least a portion of fluid
flowing in the fluid flow system to pass across the at least one disk of the bladeless

oenerator is comprised of diverting a portion of flow from a main flow path, directing the
diverted portion across the at least one disk, and thereafter, discharging the diverted portion

back into the main tlow path.

21, The downhole electric generator system of claim |, wherein the disk 1s oriented on

an axis which 1s transverse to that of the fluid flow path.

[2
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/200

202 Positioning a bladeless generator
along a wellbore flow system

204 Directing a portion of
fluid flow across disks
206 Converting disk rotation
energy to electric energy
208 Utilizing electric energy to
nower wellbore equipment

210 Discharging the portion of fluid
flow back to main fluid flow

FIG. 8

SUBSTITUTE SHEET (RULE 26)
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