
WO 2011/071830PCT/US2010/059121 FLUID FLOW CONTROL DEVICE FIELD OF
THE INVENTION [0001]This invention relates wellbore servicing tools.
BACKGROUND OF THE INVENTION [0002]Some wellbore servicing tools
provide a plurality of fluid flow paths between the interior of the
wellbore servicing tool and the wellbore. However, fluid transfer
through such a plurality of fluid flow paths may occur in an
undesirable and/or non-homogeneous manner. The variation in fluid
transfer through the plurality of fluid flow paths may be
attributable to variances in the fluid conditions of an associated
hydrocarbon formation and/or may be attributable to operational
conditions of the wellbore servicing tool, such as a fluid flow path
being unintentionally restricted by particulate matter. SUMMARY OF
THE INVENTION [0003]Disclosed herein is a method of servicing a
wellbore, comprising providing a fluid diode in fluid communication
with the wellbore, and transferring a fluid through the fluid diode.
[0004]Also disclosed herein is a fluid flow control tool, comprising
a tubular diode sleeve comprising a diode aperture, a tubular inner
ported sleeve received concentrically within the diode sleeve, the
inner ported sleeve comprising an inner port in fluid communication
with the diode aperture, and a tubular outer ported sleeved within
which the diode sleeve is received concentrically, the outer ported
sleeve comprising an outer port in fluid communication with the diode
aperture, wherein a shape of the diode aperture, a location of the
inner port relative to the diode aperture, and a location of the
outer port relative to the diode aperture provide a fluid flow
resistance to fluid transferred to the inner port from the outer port
and a different fluid flow resistance to fluid transferred to the
outer port from the inner port. 



[0005]Further disclosed herein is a method of recovering hydrocarbons
from a subterranean formation, comprising injecting steam into a
wellbore that penetrates the subterranean formation, the steam
promoting a flow of hydrocarbons of the subterranean formation, and
receiving at least a portion of the flow of hydrocarbons, wherein at
least one of the injecting steam and the receiving the flow of
hydrocarbons is controlled by a fluid diode. [0006]Further disclosed
herein is a fluid flow control tool for servicing a wellbore,
comprising a fluid diode comprising a low resistance entry and a high
resistance entry, the fluid diode being configured to provide a
greater resistance to fluid transferred to the low resistance entry
from the  WO 2011/071830PCT/US20101059121 high resistance entry at a
fluid mass flow rate as compared to the fluid being transferred to
the high resistance entry from the low resistance entry at the fluid
mass flow rate. The fluid flow control tool may further comprise a
tubular diode sleeve comprising a diode aperture, an inner ported
sleeve received substantially concentrically within the diode sleeve,
the inner ported sleeve comprising an inner port, and an outer ported
sleeve disposed substantially concentrically around the diode sleeve,
the outer ported sleeve comprising an outer port. The inner port may
be associated with the low resistance entry and the outer port may be
associated with the high resistance entry. The inner port may be
associated with the high resistance entry and the outer port may be
associated with the low resistance entry. The diode sleeve may be
movable relative to the inner ported sleeve so that the inner port
may be movable into association with the low resistance entry and the
diode sleeve may be moveable relative to the outer ported sleeve and
so that the outer port may be moveable into association with the high
resistance entry. The fluid diode may be configured to generate a
fluid vortex when fluid is transferred from the high resistance entry
to the low resistance entry. The fluid flow control tool may be
configured to transfer fluid between an inner bore of the fluid flow
control tool and the wellbore. BRIEF DESCRIPTION OF THE DRAWINGS
[0007]Figure 1 is a cut-away oblique view of a fluid flow control
tool according to an embodiment of the disclosure; [0008]Figure 2 is
a partial cross-sectional view of the fluid flow control tool of
Figure 1 taken 



along cutting plane A-A of Figure 1; [0009]Figure 3 is a partial
cross-sectional view of the fluid flow control tool of Figure 1 taken
along cutting plane B-B of Figure 1; [0010]Figure 4 is a partial
cross-sectional view of a fluid flow control tool according to
another embodiment of the disclosure; [0011]Figure 5 is another
partial cross-sectional view of the fluid flow control tool of Figure
4; [0012]Figure 6 is a simplified schematic view of a plurality of
fluid flow control tools of Figure 1 connected together to form a
portion of a work string according to an embodiment of the
disclosure; [0013]Figure 7 is a cut-away view of a wellbore servicing
system comprising a plurality of fluid flow control tools of Figure 1
and a plurality of fluid flow control tools of Figure 5; and
[0014]Figure 8 is an oblique view of a diode sleeve according to
another embodiment of the disclosure; 



WO 2011/071830PCT1US20101059121 [0015]Figure 9 is an orthogonal view
of a diode aperture of the fluid flow control tool of Figure 1 as
laid out on a planar surface; [0016]Figure 10 is an orthogonal view
of a diode aperture of the diode sleeve of Figure 8 as laid out on a
planar surface; [0017]Figure 11 is an orthogonal view of a diode
aperture according to another embodiment of the disclosure;
[0018]Figure 12 is an orthogonal view of a diode aperture according
to still another embodiment of the disclosure; and [0019]Figure 13 is
an orthogonal view of a diode aperture according to yet another
embodiment of the disclosure. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [0020]In the
drawings and description that follow, like parts are typically marked
throughout the specification and drawings with the same reference
numerals, respectively. The drawing figures are not necessarily to
scale. Certain features of the invention may be shown exaggerated in
scale or in somewhat schematic form and some details of conventional
elements may not be shown in the interest of clarity and conciseness.
[0021]Unless otherwise specified, any use of any form of the terms
"connect," "engage," "couple," "attach," or any other term describing
an interaction between elements is not meant to limit the interaction
to direct interaction between the elements and may also include
indirect interaction between the elements described. In the following
discussion and in the claims, the terms "including" and "comprising"
are used in an open-ended fashion, and thus should be interpreted to
mean "including, but not limited to ...". Reference to up or down
will be made for purposes of description with "up," "upper,"
"upward," or "upstream" meaning toward the surface of the wellbore
and with "down," "lower," "downward," or "downstream" meaning toward
the terminal end of the well, regardless of the wellbore orientation.
The term "zone" or "pay zone" as used herein refers to separate parts
of the wellbore designated for treatment or production and may refer
to an entire hydrocarbon formation or separate portions of a single
formation such as horizontally and/or vertically spaced portions of
the same formation. [0022]As used herein, the term "zonal isolation
tool" will be used to identify any type of actuatable device operable
to control the flow of fluids or isolate pressure zones within a
wellbore, including but not limited to a bridge plug, a fracture
plug, and a packer. The term zonal isolation tool may be used to
refer to a permanent device or a retrievable device.  WO
2011/071830PCT/US2010/059121 [0023]As used herein, the term "bridge
plug" will be used to identify a downhole tool that may be located
and set to isolate a lower part of the wellbore below the downhole
tool from an upper part of the wellbore above the downhole tool. The
term bridge plug may be used to refer to a permanent device or a
retrievable device. [0024]As used herein, the terms "seal",
"sealing", "sealing engagement" or "hydraulic seal" are 



intended to include a "perfect seal", and an "imperfect seal. A
"perfect seal" may refer to a flow restriction (seal) that prevents
all fluid flow across or through the flow restriction and forces all
fluid to be redirected or stopped. An "imperfect seal" may refer to a
flow restriction (seal) that substantially prevents fluid flow across
or through the flow restriction and forces a substantial portion of
the fluid to be redirected or stopped. [0025]The various
characteristics mentioned above, as well as other features and
characteristics described in more detail below, will be readily
apparent to those skilled in the art with the aid of this disclosure
upon reading the following detailed description of the embodiments,
and by referring to the accompanying drawings. [0026]Figure 1 is an
oblique view of a fluid flow control tool 100 according to an
embodiment of the present disclosure. As explained below, it will be
appreciated that one or more components of the tool 100 may lie
substantially coaxial with a central axis 102. The tool 100 generally
comprises four substantially coaxially aligned and/or substantially
concentric cylindrical tubes explained in greater detail below.
Listed in successively radially outward located order, the tool 100
comprises an innermost inner ported sleeve 104, a diode sleeve 106,
an outer ported sleeve 108, and an outermost outer perforated liner
110. The various components of tool 100 shown in Figure 1 are
illustrated in various degrees of foreshortened longitudinal length
to provide a clearer view of their features. More specifically, while
not shown as such in Figure 1, in some embodiments, each of the inner
ported sleeve 104, the diode sleeve 106, the outer ported sleeve 108,
and the outer perforated liner 110 may be substantially similar in
longitudinal length. The tool 100 further comprises a plurality of
fluid diodes 112 that are configured to provide a fluid path between
an innermost bore 114 of the tool 100 and a substantially annular
fluid gap space 116 between the outer ported sleeve 108 and the outer
perforated liner 110. The inner ported sleeve 104 comprises a
plurality of inner ports 118 and the outer ported sleeve 108
comprises a plurality of outer ports 120. The diode sleeve 106
comprises a plurality of diode apertures 122. The various inner ports
118, outer ports 120, and diode apertures 122 are positioned relative
to each other so that each diode aperture 122 may be associated with
one inner port 118 and one outer port 120.  WO
2011/071830PCT/US2010/059121 [0027]Further, each diode aperture 122
comprises a high resistance entry 124 and a low resistance entry 126.
However, the terms high resistance entry 124 and low resistance entry
126 should not be interpreted as meaning that fluid may only enter
into the diode aperture 122 through the entries 124, 126. Instead,
the term high resistance entry 124 shall be interpreted as indicating
that the diode aperture 122 comprises geometry that contributes to a
higher resistance to fluid transfer through fluid diode 112 when
fluid enters through the high resistance entry 124 and exits through
the low resistance entry 126 as compared to a resistance to fluid
transfer through fluid diode 112 when fluid enters through the low
resistance entry 126 and exits through the high resistance entry 124.
Tool 100 is shown in Figures 1-4 as being configured so that inner
ports 118 are associated with low resistance entries 126 while outer
ports 120 are associated with high resistance entries 124. In other
words, with the tool 100 configured as shown in Figures 1-4, fluid
flow from the fluid gap space 116 to the bore 114 through the fluid



[0029]Referring now to Figures 4 and 5, partial cross-sectional views
of the tool 100 of Figure 1 are shown with the tool 100 in an
alternative configuration. More specifically, while the tool 100 as
configured in Figure 1 provides a higher resistance to fluid transfer
from the fluid gap space 116 to the bore 114, the tool 100' of
Figures 4 and 5 is configured in the reverse. In other words, the
tool 100' as shown in Figures 4 and 5 is configured to provide higher
resistance to fluid transfer from the bore 114 to the fluid gap space
116. Figure 4 shows that a fluid path exists between a space exterior
to the outer perforated liner 110 and the space defined by the diode
aperture 122. More specifically, a slit 128 of the outer perforated
liner 110 joins the space exterior to the outer perforated liner 110
to a space defined by the outer port 120. In this embodiment and
configuration, the outer port 120 is in fluid communication with the
space defined by the low resistance entry 126 of the diode aperture
122. Figure 5 shows that the space defined by the high resistance
entry 124 of the diode aperture 122 is in fluid communication with
the space defined by the inner port 118. Inner port 118 is in fluid
communication with the bore 114, thereby completing a fluid path
between the space exterior to the outer perforated liner 110 and the
bore 114. Accordingly, the configuration shown in Figures 4 and 5 may
be referred to as an "outflow control configuration" since the fluid
diode 112 is configured to more highly resist fluid transfer out of
the bore 114 through the fluid diode 112 than fluid transfer into the
bore 114 through the fluid diode 112. [0030]Referring now to Figure
6, a simplified representation of two tools 100 joined together is
shown. It will be appreciated that, in some embodiments, tools 100
may comprise connectors 130 configured to join the tools 100 to each
other and/or to other components of a wellbore work string. In this
embodiment, it will be appreciated that tools 100 are configured so
that joining the two tools 100 together in the manner shown in Figure
4, the bores 114 are in fluid communication with each other. However,
in this embodiment, seals and/or other suitable features are provided
to segregate the fluid gap spaces 116 of the adjacent and connected
tools 100. In alternative embodiments, the  WO
2011/071830PCT/US2010/059121 tools 100 may be joined together by
tubing, work string elements, or any other suitable device for
connecting the tools 100 in fluid communication. [0031]Referring now
to Figure 7, a wellbore servicing system 200 is shown as configured
for producing and/or recovering hydrocarbons using a steam assisted
gravity drainage (SAGD) method. System 200 comprises an injection
service rig 202 (e.g., a drilling rig, completion rig, or workover
rig) that is positioned on the earth's surface 204 and extends over
and around an injection wellbore 206 that penetrates a subterranean
formation 208. While an injection service rig 202 is shown in Figure
7, in some embodiments, a service rig 202 may not be present, but
rather, a standard surface wellhead completion (or sub-surface
wellhead completion in some embodiments) may be associated with the
system 200. The injection wellbore 206 may be drilled into the
subterranean formation 208 using any suitable drilling technique. The
injection wellbore 206 extends substantially vertically away from the
earth's surface 204 over a vertical injection wellbore portion 210,
deviates from vertical relative to the earth's surface 204 over a
deviated injection wellbore portion 212, and transitions to a
horizontal injection wellbore portion 214. [0032]System 200 further



string/tubing) comprising a plurality of tools 100' each configured
in an outflow control configuration. Similarly, system 200 comprises
an extraction work string 228 (e.g., production string/tubing)
comprising a plurality of tools 100 each configured in an inflow
control configuration. It will be appreciated that annular zonal
isolation devices 230 may be used to isolate annular spaces  WO
2011/071830PCT/US2010/059121 of the injection wellbore 206 associated
with tools 100' from each other within the injection wellbore 206.
Similarly, annular zonal isolation devices 230 may be used to isolate
annular spaces of the extraction wellbore 218 associated with tools
100 from each other within the extraction wellbore 218. [0034]While
system 200 is described above as comprising two separate wellbores
206, 218, alternative embodiments may be configured differently. For
example, in some embodiments work strings 226, 228 may both be
located in a single wellbore. Alternatively, vertical portions of the
work strings 226, 228 may both be located in a common wellbore but
may each extend into different deviated and/or horizontal wellbore
portions from the common vertical portion. Alternatively, vertical
portions of the work strings 226, 228 may be located in separate
vertical wellbore portions but may both be located in a shared
horizontal wellbore portion. In each of the above described
embodiments, tools 100 and 100' may be used in combination and/or
separately to deliver fluids to the wellbore with an outflow control
configuration and/or to recover fluids from the wellbore with an
inflow control configuration. Still further, in alternative
embodiments, any combination of tools 100 and 100' may be located
within a shared wellbore and/or amongst a plurality of wellbores and
the tools 100 and 100' may be associated with different and/or shared
isolated annular spaces of the wellbores, the annular spaces, in some
embodiments, being at least partially defined by one or more zonal
isolation devices 230. [0035]In operation, steam may be forced into
the injection work string 226 and passed from the tools 100' into the
formation 208. Introducing steam into the formation 208 may reduce
the viscosity of some hydrocarbons affected by the injected steam,
thereby allowing gravity to draw the affected hydrocarbons downward
and into the extraction wellbore 218. The extraction work string 228
may be caused to maintain an internal bore pressure (e.g., a pressure
differential) that tends to draw the affected hydrocarbons into the
extraction work string 228 through the tools 100. The hydrocarbons
may thereafter be pumped out of the extraction wellbore 218 and into
a hydrocarbon storage device and/or into a hydrocarbon delivery
system (i.e., a pipeline). It will be appreciated that the bores 114
of tools 100, 100' may form portions of internal bores of extraction
work string 228 and injection work string 226, respectively. Further,
it will be appreciated that fluid transferring into and/or out of
tools 100, 100' may be considered to have been passed into and/or out
of extraction wellbore 218 and injection wellbore 206, respectively.
Accordingly, the present disclosure contemplates transferring fluids
between a wellbore and a work string associated with the wellbore  WO
2011/071830PCT/US2010/059121 through a fluid diode. In some
embodiments, the fluid diodes form a portion of the work string
and/or a tool of the work string. [0036]It will be appreciated that
in some embodiments, a fluid diode may selectively 



provide fluid flow control so that resistance to fluid flow increases
as a maximum fluid mass flow rate of the fluid diode is approached.
The fluid diodes disclosed herein may provide linear and/or
non-linear resistance curves relative to fluid mass flow rates
theretlu-ough. For example, a fluid flow resistance may increase
exponentially in response to a substantially linear increase in fluid
mass flow rate through a fluid diode. It will be appreciated that
such fluid flow resistance may encourage a more homogeneous mass flow
rate distribution amongst various fluid diodes of a single fluid flow
control tool 100, 100'. For example, as a fluid mass flow rate
through a first fluid diode of a tool increases, resistance to
further increases in the fluid mass flow rate through the first fluid
diode of the tool may increase, thereby promoting flow through a
second fluid diode of the tool that may otherwise have continued to
experience a lower fluid mass flow rate therethrough. [0037]It will
be appreciated that any one of the inner ports 118, outer ports 120,
diode apertures 122, and slits 128 may be laser cut into metal tubes
to form the features disclosed herein. Further, a relatively tight
fitting relationship between the diode sleeve 106 and each of the
inner ported sleeve 104 and outer ported sleeve 108 may be
accomplished through close control of tube diameter tolerances, resin
and/or epoxy coatings applied to the components, and/or any other
suitable methods. In some embodiments, assembly of the diode sleeve
106 to the inner ported sleeve 104 may be accomplished by heating the
diode sleeve 106 and cooling the inner ported sleeve 104. Heating the
diode sleeve 106 may uniformly enlarge the diode sleeve 106 while
cooling the inner ported sleeve 104 may uniformly shrink the inner
ported sleeve 104. In these enlarged and shrunken states, an assembly
tolerance may be provided that is greater than the assembled
tolerance, thereby making insertion of the inner ported sleeve 104
into the diode sleeve 106 easier. A similar process may be used to
assemble the diode sleeve 106 within the outer ported sleeve 108, but
with the diode sleeve 106 being cooled and the outer ported sleeve
being heated. [0038]In alternative embodiments, the diode sleeve 106
may be movable relative to the inner ported sleeve 104 and the outer
ported sleeve 108 to allow selective reconfiguration of a fluid flow
control tool 100 to an inflow control configuration from an outflow
control configuration and/or from an outflow control configuration to
an inflow control configuration. For example, tools 100, 100' may be
configured for such reconfiguration in response to longitudinal
movement of the diode sleeve 106 relative to the inner ported sleeve
104 and the outer ported sleeve 108, rotation of  WO
2011/071830PCT/US2010/059121 the diode sleeve 106 relative to the
inner ported sleeve 104 and the outer ported sleeve 108, or a
combination thereof. In further alternative embodiments, a fluid flow
control tool may comprise more or fewer fluid diodes, the fluid
diodes may be closer to each other or further apart from each other,
the various fluid diodes of a single tool may provide a variety of
maximum fluid flow rates, and/or a single tool may comprise a
combination of diodes configured for inflow control and other fluid
diodes configured for outflow control. [0039]It will further be
appreciated that the fluid flow paths associated with the fluid
diodes may be configured to maintain a maximum cross-sectional area
to prevent clogging due to particulate matter. Accordingly, the fluid
diodes may provide flow control functionality without unduly



[0041]Referring now to Figure 9, an orthogonal view of the shape of
the diode aperture 122 as laid out flat on a planar surface is shown.
WO 2011/071830PCT/US2010/059121 [0042]Referring now to Figure 10, an
orthogonal view of the shape of the diode aperture 302 as laid out
flat on a planar surface is shown. [0043]Referring now to Figure 11,
an orthogonal view of a diode aperture 400 is shown. Diode aperture
400 is generally configured so that fluid movement in a reverse
direction 402 experiences higher flow resistance than fluid movement
in a forward direction 404. It will be appreciated that the geometry
of the internal flow obstruction 406 contributes to the
above-described directional differences in fluid flow resistance.
[0044]Referring now to Figure 12, an orthogonal view of a diode
aperture 500 is shown. Diode aperture 500 is generally configured so
that fluid movement in a reverse direction 502 experiences higher
flow resistance than fluid movement in a forward direction 504. Diode
aperture 500 is configured for use with island-like obstructions 506
that interfere with fluid flow through diode aperture 500.
Obstructions 506 may be attached to or formed integrally with one or
more of an inner ported sleeve 104, a diode sleeve 106, and/or an
outer ported sleeve 108. In some embodiments, obstructions 506 may be
welded or otherwise joined to the inner ported sleeve 104.
[0045]Referring now to Figure 13, an orthogonal view of a diode
aperture 600 is shown. Diode aperture 600 is generally configured so
that fluid movement in a reverse direction 602 experiences higher
flow resistance than fluid movement in a forward direction 604. Diode
aperture 600 is configured for use with island-like obstructions 606
that interfere with fluid flow through diode aperture 600.
Obstructions 606 may be attached to or formed integrally with one or
more of an inner ported sleeve 104, a diode sleeve 106, and/or an
outer ported sleeve 108. In some embodiments, obstructions 606 may be
welded or otherwise joined to the inner ported sleeve 104. [0046]At
least one embodiment is disclosed and variations, combinations,
and/or modifications 



of the embodiment(s) and/or features of the embodiment(s) made by a
person having ordinary skill in the art are within the scope of the
disclosure. Alternative embodiments that result from combining,
integrating, and/or omitting features of the embodiment(s) are also
within the scope of the disclosure. Where numerical ranges or
limitations are expressly stated, such express ranges or limitations
should be understood to include iterative ranges or limitations of
like magnitude falling within the expressly stated ranges or
limitations (e.g., from about Ito about 10 includes, 2, 3, 4, etc.;
greater than 0 10 includes 0.11, 0.12, 0.13, etc.). For example,
whenever a numerical range with a lower limit, 121, and an upper
limit, Ru, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers within
the range are specifically disclosed: R=12414*(Ru-R1), wherein k is a
variable ranging from 1 percent to 100 percent with a 1  WO
2011/071830PCT/US2010/059121 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent, ...50 percent, 51
percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98
percent, 99 percent, or 100 percent. Moreover, any numerical range
defined by two R numbers as defined in the above is also specifically
disclosed. Use of the term "optionally" with respect to any element
of a claim means that the element is required, or alternatively, the
element is not required, both alternatives being within the scope of
the claim. Use of broader terms such as comprises, includes, and
having should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, and comprised
substantially of. Accordingly, the scope of protection is not limited
by the description set out above but is defined by the claims that
follow, that scope including all equivalents of the subject matter of
the claims. Each and every claim is incorporated as further
disclosure into the specification and the claims are embodiment(s) of
the present invention. The discussion of a reference in the
disclosure is not an admission that it is prior art, especially any
reference that has a publication date after the priority date of this
application. The disclosure of all patents, patent applications, and
publications cited in the disclosure are hereby incorporated by
reference in their entireties. [0047]Reference is further made to the
following specific embodiments:  1. A method of servicing a wellbore,
comprising: providing a fluid diode in fluid communication with the
wellbore; and transferring a fluid through the fluid diode. 2. The
method of embodiment 1, wherein the fluid diode is disposed within
the wellbore.  3. The method of embodiment 1 or 2, wherein the
transferring comprises removing the fluid from the wellbore.  4. The
method of embodiment 3, wherein the fluid comprises hydrocarbons
produced from a hydrocarbon formation with which the wellbore is
associated.  5. The method of embodiment 1 or 2, wherein the
transferring comprises providing the fluid to the wellbore. 



6. The method of embodiment 5, wherein the fluid comprises steam.  7.
The method of any preceding embodiment, wherein the fluid diode
provides a non-linearly increasing resistance to the transferring in
response to a linear increase in a fluid mass flow rate of the fluid
through the fluid diode.  8. The method of any preceding embodiment,
wherein the fluid diode is further in fluid communication with an
internal bore of a work string.  WO 2011/071830PCT/US2010/059121  9.
A fluid flow control tool, comprising: a tubular diode sleeve
comprising a diode aperture;       a tubular inner ported sleeve
received concentrically within the diode sleeve, the inner ported
sleeve comprising an inner port in fluid communication with the diode
aperture; and       a tubular outer ported sleeved within which the
diode sleeve is received concentrically, the outer ported sleeve
comprising an outer port in fluid communication with the diode
aperture;       wherein a shape of the diode aperture, a location of
the inner port relative to the diode aperture, and a location of the
outer port relative to the diode aperture provide a fluid flow
resistance to fluid transferred to the inner port from the outer port
and a different fluid flow resistance to fluid transferred to the
outer port from the inner port.  10. The fluid flow control tool of
embodiment 9, wherein the diode aperture is configured to provide a
vortex diode.  11. The fluid flow control tool of embodiment 9 or 10,
further comprising a perforated liner within which the outer ported
sleeve is concentrically received so that a fluid gap space is
maintained between the perforated liner and the outer ported sleeve. 



12. The fluid flow control tool of embodiment 9, 10, or 11, wherein a
fluid flow resistance varies non-linearly in response to a linear
variation in a fluid mass flow rate of fluid transferred between the
inner port and the outer port. 13. A method of recovering
hydrocarbons from a subterranean formation, comprising: injecting
steam into a wellbore that penetrates the subterranean formation, the
steam promoting a flow of hydrocarbons of the subterranean formation;
and receiving at least a portion of the flow of hydrocarbons;
wherein at least one of the injecting steam and the receiving the
flow of hydrocarbons is controlled by a fluid diode.  14. The method
of embodiment 13, wherein the receiving the flow of hydrocarbons is
at least partially gravity assisted.  15. The method of embodiment 13
or 14, wherein the steam is injected at a location higher within the
formation than a location at which the flow of hydrocarbons is
received.  16. The method of embodiment 13 or 14, wherein the steam
is injected into a first wellbore portion while the flow of
hydrocarbons is received from a second wellbore portion.  17. The
method of embodiment 16, wherein the first wellbore portion and the
second wellbore portion are vertically offset from each other.  WO
2011/071830PCT/US2010/059121  18. The method of embodiment 16,
wherein the first wellbore portion and the second wellbore portion
are both horizontal wellbore portions that are both associated with a
shared vertical wellbore portion.  19. The method of embodiment 13,
14, 15, 16, 17, or 18, wherein the steam is injected through a fluid
diode having an outflow control configuration while the flow of
hydrocarbons is received through a fluid diode having an inflow
control configuration. 



20. The method of embodiment 19, wherein at least one of the fluid
diodes is associated with an isolated annular space of the wellbore
that is at least partially defined by a zonal isolation device.
CLAIMS What we claim as our invention is.  1. A method of servicing a
wellbore, comprising: providing a fluid diode in fluid communication
with the wellbore, wherein the fluid diode is disposed within the
wellbore; and transferring a fluid through the fluid diode. 2. The
method of claim I, wherein the transferring comprises removing the
fluid from the wellbore.  3. The method of claim 2, wherein the fluid
comprises hydrocarbons produced from a hydrocarbon formation with
which the wellbore is associated.  4. The method of claim 3, wherein
the transferring comprises providing the fluid to the wellbore.  5.
The method of claim 4, wherein the fluid comprises steam.  6. The
method of claim I, wherein the fluid diode provides a non-linearly
increasing resistance to the transferring in response to a linear
increase in a fluid mass flow rate of the fluid through the fluid
diode. 



7. The method of claim 1, wherein the fluid diode is further in fluid
communication with an internal bore of a work string. S. A method of
servicing a wellbore, comprising: providing a fluid diode in fluid
communication with the wellbore; and transferring a fluid through the
fluid diode wherein the fluid diode is provided by a fluid flow
control tool, comprising: a tubular diode sleeve comprising a diode
aperture; a tubular inner ported sleeve received concentrically
within the diode sleeve, the inner ported sleeve comprising an inner
port in fluid communication with the diode aperture; and a tubular
outer ported sleeved within which the diode sleeve is received
concentrically, the outer ported sleeve comprising an outer port in
fluid communication with the diode aperture; 15  wherein a shape of
the diode aperture, a location of the inner port relative to the
diode aperture, and a location of the outer port relative to the
diode aperture provide a fluid flow resistance to fluid transferred
to the inner port from the outer port and a different fluid flow
resistance to fluid transferred to the outer port from the inner
port.  9. The method of claim 8, wherein the diode aperture is
configured to provide a vortex diode.  10. The method of claim 8,
wherein the fluid flow control tool further comprises a perforated
liner within which the outer ported sleeve is concentrically received
so that a fluid gap space is maintained between the perforated liner
and the outer ported sleeve. 



11. The method of claim 10, wherein a fluid flow resistance varies
non-linearly in response to a linear variation in a fluid mass flow
rate of fluid transferred between die inner port and the outer port.
12. A method of recovering hydrocarbons from a subterranean
formation, comprising: injecting steam into a wellbore that
penetrates the subterranean formation, the steam promoting a flow of
hydrocarbons of the subterranean formation; and receiving at least a
portion of the flow of hydrocarbons; wherein at least one of the
injecting steam and the receiving the flow of hydrocarbons is
controlled by a fluid diode.  13. The method of claim 12, wherein the
receiving the flow of hydrocarbons is at least partially gravity
assisted.  14. The method of claim 12, wherein the steam is injected
at a location higher within the formation than a location at which
the flow of hydrocarbons is received.  15. The method of claim 12,
wherein the steam is injected into a first wellborc portion while the
flow of hydrocarbons is received from a second wellbore portion.  16.
The method of claim 15, wherein the first wellbore portion and the
second wellbore portion are vertically offset from each other.  17.
The method of claim 15, wherein the first wellbore portion and the
second wellbore portion are both horizontal wellbore portions that
are both associated with a shared vertical wellbore portion.   18.
The method of claim 12, wherein the steam is injected through a fluid
diode having an outflow control configuration while the flow of
hydrocarbons is received through a fluid diode having an inflow
control configuration.  19. The method of claim 18, wherein at least
one of the fluid diodes is associated with an isolated annular space
of die wellbore that is at least partially defined by a zonal
isolation device. 



20. A method of servicing a wellbore, comprising: providing a fluid
diode in fluid communication with the wellbore; and removing a first
fluid from the wellbore via the fluid diode, wherein the first fluid
comprises hydrocarbons produced from a hydrocarbon formation with
which the wellbore is associated; and , providing a second fluid to
the wellbore via the fluid diode. 21. The method of claim 20, wherein
the second fluid comprises steam. 


