
-1- FLOW RATE DEPENDENT FLOW CONTROL DEVICE BACKGROUND OF THE DISCLOSURE 1.
Field of the Disclosure [0001]The present invention relates to fluid flow
control for downhole tools. 2. Description of the Related Art [0002]Control
of fluid circulation can be of operational significance for numerous
devices used in oil and gas wells. One illustrative example is a gravel
packing tool used for gravel packing operations. In general, gravel packing
includes the installation of a screen adjacent a subsurface formation
followed by the packing of gravel in the perforations and around the screen
to prevent sand from migrating from the formation to the production tubing.
Usually, a slurry of gravel suspended in a viscous carrier fluid is pumped
downhole through the work string and a cross-over assembly into the
annulus. Pump pressure is applied to the slurry forcing the suspended
gravel through the perforations or up against the formation sand. The
gravel then accumulates in the annulus between the screen and the casing or
the formation sand. The gravel forms a barrier which allows the in-flow of
hydrocarbons but inhibits the flow of sand particles into the production
tubing. Afterwards, a clean-up operation may be performed wherein a
cleaning fluid is reverse circulated through the well to clean the tools of
slurry and leaving only the gravel pack surrounding the screens behind.
[0003]The present disclosure provides methods and devices for controlling 



fluid circulation during gravel packing operations. The present disclosure
also provides for controlling fluid circulation in other wellbore-related
operations.  -2- SUMMARY OF THE DISCLOSURE [0004]In aspects, the present
disclosure provides an apparatus for completing a well. The apparatus may
include a tool configured have a first flow path in a first position and a
second flow path in a second position. Each flow path allows fluid flow.
The first flow path may include at least a port coupling the upper bore to
a lower annulus surrounding the tool, a lower bore of the tool in
communication with the lower annulus, and a mechanically static and
bidirectional flow passage connecting the lower bore with an upper annulus
surrounding the tool. The second flow path may include at least a first
branch having the port coupling the upper annulus to the upper bore; and a
second branch having a mechanically static and bi-directional flow passage
coupling the upper annulus to the lower bore. [0005]In aspects, the present
disclosure also provides a method for completing a well using a tool
disposed in the well. The method may include flowing a gravel slurry
through an upper bore of the tool, a port coupling the upper bore to a
lower annulus surrounding the tool, a lower bore of the tool in
communication with the lower annulus, and a mechanically static and
bidirectional flow passage connecting the lower bore with an upper annulus
surrounding the tool; and flowing a cleaning fluid through a port coupling
the upper annulus to the upper bore, and through a mechanically static and
bidirectional flow passage coupling the upper annulus to the lower bore.
[0006]In still further aspects, the present disclosure provides a system
for 



completing a well. The system may include a tool having an upper bore, a
lower bore, and a port providing fluid communication between the upper bore
and an exterior of the tool; a valve member selectively isolating the upper
bore from the lower bore; a flow path formed in the tool, the flow path
providing fluid communication between an exterior of the tool and the lower
bore. The flow path  -3- may include a mechanically static and
bi-directional flow passage. [0007]It should be understood that examples of
the more illustrative features of the disclosure have been summarized
rather broadly in order that detailed description thereof that follows may
be better understood, and in order that the contributions to the art may be
appreciated. There are, of course, additional features of the disclosure
that will be described hereinafter and which will form the subject of the
claims appended hereto. BRIEF DESCRIPTION OF THE DRAWINGS [0008]The
advantages and further aspects of the disclosure will be readily
appreciated by those of ordinary skill in the art as the same becomes
better understood by reference to the following detailed description when
considered in conjunction with the accompanying drawings in which like
reference characters designate like or similar elements throughout the
several figures of the drawing and wherein: 



Fig. 1 is a schematic elevation view of an exemplary production assembly;
Fig. 2 is a schematic cross-sectional view of a gravel pack tool that uses
an exemplary flow control element made in accordance with one embodiment of
the present disclosure;       Fig. 3 schematically illustrates a flow
control device made in accordance with one embodiment of the present
disclosure; and       Fig. 4 schematically illustrates a flow control
device made in accordance with one embodiment of the present disclosure
that is positioned for reverse circulation.  -4- DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS [0009]The present disclosure relates to devices
and methods for controlling fluid flow in downhole tools. The present
disclosure is susceptible to embodiments of different forms. There are
shown in the drawings, and herein will be described in detail, specific
embodiments of the present disclosure with the understanding that the
present disclosure is to be considered an exemplification of the principles
of the disclosure, and is not intended to limit the disclosure to that
illustrated and described herein. 



[0010]Referring initially to Fig. 1, there is shown an exemplary well 10
that has been drilled into formations 14, 16 from which it is desired to
produce hydrocarbons. The wellbore 10 is cased by metal casing 17, as is
known in the art, and a number of perforations (not shown) penetrate and
extend into the formations 14,16 so allow for in-flow of production fluids.
The wellbore 10 may include a production assembly, generally indicated at
20. Also, in certain situations, a tubing string (not shown) may extend
downwardly from a wellhead 18 to the production assembly 20. The production
assembly 20 may be configured to control flow between the well 10 (Fig. 1)
and the formations 14, 16 (Fig. 1). The production assembly 20 may include
a production tubular 22, isolation elements 24, and one or more filtration
elements 26. In one embodiment, the sealing members 24 may be packer
elements that provide zonal isolation. The filtration element 26 may be a
screen element that permits fluid flow into the tubular 22 while removing
particles of a predetermined size from the in-flowing fluid. [0011]For ease
of explanation, embodiments of the present disclosure will be described in
connection with a flow control device associated with a gravel pack tool.
It should be understood, however, that the teachings of the present
disclosure may be utilized in connection with any downhole tool that
utilizes flow  -5- control devices. 



[0012]Referring now to Fig. 2, there is shown a production assembly 20 and
a gravel pack tool 50. The gravel pack tool 50 may be configured to deliver
a granular material (or "gravel") into the annular space 30 separating the
filtration element 26 and the wall of the well 10. In some embodiments, the
wall may be the casing 17. In other embodiments, the wall may be a rock
face, i.e., an open hole. In one embodiment, the tool 50 may include a bore
52, a valve 54 that selectively occludes the bore 52, and a cross over tool
55 that has a cross over port 56 that allows fluid flow between the bore 52
and the exterior of the tool 50. One or more seal bores 57 may be used to
channel fluid flow from the cross over tool 55 to the lower annulus 30. As
shown, the sealing member 24 isolates a lower annular zone 30 from an upper
annular zone 32. The tool 50 may also include a flow control device 58 that
control flow between a lower bore 48 and the exterior of the tool 50. The
flow control device 58 may communicate with one or more axially aligned
channels 64 that terminate at one or more ports 66. The lower bore 48 may
be a bore of the production tubular 22 or the gravel pack tool 50.
[0013]Referring now to Fig. 3, there is shown in greater detail the flow
control device 58 and related elements. In one embodiment, the flow control
device includes a mechanically static and bi-directional flow control
element 60 and a valve element 62. The flow control element 60 and the
valve element 62 may split the fluid into two separate flow paths such that
fluid may flow through either or both of elements 60, 62. The term split
does not require any particular ratio. The splitting may result in even or
uneven flow rates across the flow control element 60 and the valve element
62. In the electrical sense, the separate flow paths may be considered
parallel because the two flow paths receive fluid from the same source and
flow the fluid into a common point. Of course, some  -6- embodiments may
utilize more than two separate flow paths. Additionally, it should be
understood that the flow does not necessarily remain separated until the
fluid reaches the upper annular zone 32. That is, the fluids flowing
separately through the flow control element 60 and the valve element 62 may
rejoin in an annular space or cavity and then enter the axially aligned
channel(s) 64. Thus, the fluid path between the lower bore 48 and the upper
annular zone 32 may have a first section with split flow and then a second
section with combined flow. [0014]By mechanically static, it is generally
meant that the flow control element 60 does not substantially change in
size or shape or otherwise change in configuration during operation. In
contrast, a mechanically dynamic device may include a flapper valve, a
multi-position valve, a ball valve and other devices that can, for example,
change a size of a cross sectional flow area during operation. Thus, in
aspects, the term mechanically static includes structures that have a fixed
dimension, orientation, or position during operation. In some arrangements,
the flow control element 60 may include helical channels, orifices, grooves
and other flow restricting conduits. In embodiments, the length and
configuration of the helical channels may be selected to apply an amount of
frictional losses in order to generate a predetermined amount of back
pressure along the flow control device 58. In embodiment, the shape and
diameter of an orifice or orifices may be selected to reduce a
cross-sectional flow area such that a desired predetermined amount of back
pressure is generated in the flow control device 58. These flow paths may
be formed on an inner surface 70 of the tool 50. A sleeve 72 may be used to
enclose and seal the flow paths such that fluid is forced to flow along
these flow paths. These features may be configured to generate a specified
pressure drop such that a back pressure is applied to the channels 64. The
applied back pressure forces the fluid to flow into the upper bore 52 as
described in greater detail below. The valve element 62 may be a one-way
valve configured to allow flow from the lower bore 48 and block flow 



-7- from channels 64, i.e., uni-directional flow. The valve element 62 may
also utilize a biased piston that opens when a preset pressure differential
is present between the bore 48 and the channels 64; e.g., a pressure in the
bore 48 that exceeds the pressure in the channels 64 by a preset value.
[0015]In the circulation mode, the tool 50 is positioned inside the
production assembly 20. After the seal bore 57 has been activated, surface
pumps may pump slurry down the bore 52 of the gravel pack tool 50. The
slurry flows through the cross over port 56 and into the lower annulus 30.
The slurry may include a fluid carrier such as water, oil, brine, epoxies
or other fluids formulated to convey entrained solids or semi-solids. The
fluid component of the slurry flows through the filtration elements 26 and
into the lower bore 48. The solid or particulated components of the slurry
pack into the lower annulus 30. The fluid component flows up the lower bore
48 and through the flow control device 58. Due to the relatively low fluid
velocity, the fluid component may flow across both the valve element 62 and
the flow control element 60. Thereafter, the fluid components flow to the
surface via the channels 64, the ports 66, and the upper annulus 32. This
circulation is maintained until a sufficient amount of particles, e.g.,
gravel, have been deposited into the lower annulus 30. Thus, during a
circulation mode, the tool 50 is positioned and configured to have a
specified flow path for the gravel slurry material. As used herein, the
term "flow path" refers to a structure that allows fluid to flow through
rather than collect. [0016]Referring now to Fig. 4, after the packing
operation is completed, the gravel pack tool 50 is shifted uphole such that
the cross over port 56 is positioned to communicate with the upper annulus
32 while the valve 54 is positioned to block fluid communication into the
production assembly 20. In this configuration, a reverse circulation may be
performed to clean the bore 52 of slurry. For example, a cleaning fluid 74
(e.g., a liquid such as water or brine) is pumped  -8- 



down via the upper annulus 32. This fluid enters the bore 52 via the cross
over port 56. Thereafter, the cleaning fluid flows up the bore 52 to the
surface. During this reverse circulation, the cleaning fluid also flows
into the ports 66 and downwardly through the channels 64 to the flow
control device 58. That is, the cross over port 56 and the ports 66 may
split the fluid into two separate flow paths, with one path leading to the
upper bore 52 and another path leading to the lower bore 48. The term split
does not require any particular ratio and may result in even or uneven flow
rates across the cross over port 56 and the ports 66. Thus, during a
cleaning mode, the tool 50 is re-positioned to have a different flow path
from the circulation flow path. [0017]The valve element 62 may be
configured to prevent fluid flow during reverse circulation, which then
forces the fluid to flow across the flow control element 60. Because a
relatively high fluid flow rate is used during reverse circulation, the
flow control element 60 generates a back pressure across the channels 64
which acts to restrict fluid flow. Thus, most of the fluid passes through
the cross over port 56. In other situations, the valve element 62 may
intentionally or inadvertently fail to close. In such situations, the flow
control element 60 still provides a mechanism to generate a back pressure
in the passages 64. Reverse circulation is maintained until the bore 52 and
other downhole components are cleaned of slurry. It should be understood
that in certain embodiments, the valve element 62 may be omitted. [0018]In
embodiments, the slurry is circulated at a slower flow rate than the
cleaning fluid. Because of the higher flow rate of the cleaning fluid, a
greater back pressure is generated by the flow control element 62.
[0019]After reverse circulation has been completed, the gravel pack tool 50
may be repositioned at another location in the wellbore to perform a
subsequent gravel pack operation. For example, the tool 50 may be moved
from the  



-9- formation 14 to the formation 16. Each subsequent operation may be
performed as generally described previously. It should be appreciated that
as the gravel pack tool 50 is pushed into the well 10, the fluid residing
in the well 10 can bypass the valve 54 via the flow control element 60.
Thus, "surge" effect can be minimized. Surge effect is a pressure increase
downhole of a moving tool caused by an obstruction in a bore. Also, as the
tool 50 is pulled out of the well, the fluid uphole of the tool 50 can by
bypass the valve 54 via the flow control element 60. Thus, "swab" effect
can be minimized. Swab effect is a pressure decrease down hole of a moving
tool caused by an obstruction in a bore. [0020]As stated previously, the
teachings of the present disclosure may be utilized in connection with any
downhole tool that utilizes flow control devices. Such flow control devices
may be used in connection with tools that set packers, slips, perform
pressure tests, etc. Also, such flow control devices may be used in
drilling systems. [0021]The foregoing description is directed to particular
embodiments of the present invention for the purpose of illustration and
explanation. It will be apparent, however, to one skilled in the art that
many modifications and changes to the embodiment set forth above are
possible without departing from the scope and the spirit of the invention.
It is intended that the following claims be interpreted to embrace all such
modifications and changes.  -10- CLAIMS 



WE CLAIM: 1.An apparatus for completing a well, comprising:             a
tool having an upper bore and a lower bore, the tool being configured have
a first flow path in a first position and a second flow path in a second
position, each flow path allowing fluid flow, and wherein:        (i) the
first flow path includes at least a port coupling an upper bore to a lower
annulus surrounding the tool, a lower bore in communication with the lower
annulus, and a mechanically static and bi-directional flow passage
connecting the lower bore with an upper annulus surrounding the tool; and
(ii) the second flow path includes at least a first branch having the port
coupling the upper annulus to the upper bore; and a second branch having a
mechanically static and bi-directional flow passage coupling the upper
annulus to the lower bore. 2.The apparatus of claim 1 wherein the
mechanically static and bi- directional flow passage is configured to
generate a back pressure along at least a portion of the second flow path.
3.The apparatus of claim 2, wherein the mechanically static and bi-
directional flow passage includes a flow space selected from a group
consisting of (i) at least one helical channel generating the back pressure
using frictional losses, and (ii) an orifice generating the back pressure
using a reduction in flow area. 



4.The apparatus of claim 1 wherein the second branch includes at least one
passage connecting the upper annulus with mechanically static and
bi-directional flow passage, and wherein the mechanically static and
bi-directional flow passage is configured to generate a predetermined back
pressure along the at least one channel.  5. The apparatus of claim 1
further comprising: (i) a supply of gravel slurry coupled to the upper bore
when the tool is in the first position, and (ii) a supply of a cleaning
fluid coupled to the upper annulus when the tool is in the second position.
6. The apparatus of claim 1, wherein the first flow path includes a valve
element, the valve element configured to allow uni-directional flow from
the lower bore to the upper annulus.  7. The apparatus of claim 6 wherein
the mechanically static and bidirectional flow passage and the valve
element split fluid flowing from the lower bore such that the fluid has two
separate flow paths to the upper annulus.  8. A method for completing a
well using a tool disposed in the well, the method comprising:
flowing a gravel slurry through an upper bore of the tool, a port coupling
the upper bore to a lower annulus surrounding the tool, a lower bore of the
tool in communication with the lower annulus, and a mechanically static and
bidirectional flow passage connecting the lower bore with an upper annulus
surrounding the tool; and       flowing a cleaning fluid through a port
coupling the upper annulus to the upper bore, and through a mechanically
static and bi-directional flow passage coupling the upper annulus to the
lower bore. 



-12-  9. The method of claim 8 generating a back pressure in the cleaning
fluid using the mechanically static and bi-directional flow passage.  10.
The method of claim 9, wherein the mechanically static and bi-directional
flow passage includes a flow space selected from a group consisting of (i)
at least one helical channel generating the back pressure using frictional
losses, and (ii) an orifice generating the back pressure using a reduction
in flow area.  11. The method of claim 8 further comprising generating a
predetermined back pressure in the cleaning fluid in at least one passage
coupling the mechanically static and bi-directional flow passage to the
upper bore.  12. The method of claim 8 further comprising moving the tool
after flowing the gravel slurry but before flowing the cleaning fluid.  13.
The method of claim 8 further comprising splitting the cleaning fluid
flowing in the upper annulus into a first flow path to the upper bore and a
second flow path the lower bore of the tool.  14. A system for completing a
well, comprising:        a tool having an upper bore, a lower bore, and a
port providing fluid communication between the upper bore and an exterior
of the tool; a valve member selectively isolating the upper bore from the
lower bore; 



and       a flow path formed in the tool, the flow providing fluid
communication between an exterior of the tool and the lower bore, the flow
path including a mechanically static and bi-directional flow passage.  -13-
15. The system of claim 14, wherein the flow path includes a valve member
configured to provide uni-directional flow from the lower bore to the
exterior of the tool, wherein the valve member and the mechanically static
and bi-directional flow passage provide split flow from the lower bore.
16. The system of claim 14, wherein the mechanically static and
bi-directional flow passage is configured to generate a back pressure along
at least a portion of the flow path.  17. The system of claim 14, wherein
the mechanically static and bi-directional flow passage includes a flow
space selected from a group consisting of (i) at least one helical channel
generating the back pressure using frictional losses, and (ii) an orifice
generating the back pressure using a reduction in flow area.  18. The
system of claim 14, further comprising a production assembly configured to
receive the tool, the production assembly including at least one filtration
element filtering fluid flowing into the production assembly. 


