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What is claimed is:

1. A bidirectional downhole fluid flow control system comprising:

at least one injection flow control component having direction dependent flow
resistynee; and

& least one production flow control component in parallel with the at least one
injection fIyw control component and having direction dependent flow resistance,

wherely, injection fluid flow experiences a greater flow resistance through the at least
one production flpw control component than through the at least one injection flow control
component; and

wherein, produstion fluid flow experiences a greater flow resistance through the at
least one injection flow ¥pntrol component than through the at least one production flow

control component.

2. The flow control syS{em as recited in claim 1 wherein the at least one injection
flow control component further comp¥ses a fluidic diode providing greater resistance to flow

in the production direction than in the in)gction direction.

3. The flow control system as Mcited in claim 1 wherein the at least one
production flow control component further cowpriscs a fluidic diode providing greater

resistance to flow in the injection direction than in thg production direction.

4. The flow control system as recited in claim wherein the at least one injection
flow control component further comprises a vortex diodd wherein injection fluid flow
entering the vortex diode travels primarily in a radial direction ¥pd wherein production fluid

flow cntering the vortex diode travels primarily in a tangential dircéyjon.

o) The flow control system as recited in claim 1 wherely the at least one
production flow control component further comprises a vortex diode whigrein production
fluid flow entering the vortex diode travels primarily in a radial directio\and wherein

injcction fluid flow entering the vortex diodc travels primarily in a tangential directjon,
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6. The flow control system as recited in claim 1 wherein the at least one injection
ow control component further comprises a fluidic diode providing greater resistance to flow

in\he production direction than in the injection direction in series with a nozzle having a

control system as recited in claim | wherein the at least one
production flow control \component further comprises a fluidic diode providing greater
resistance to flow in the injestion direction than in the production direction in series with an
inflow control device.

9. A bidirectional downhd|e fluid flow control system comprising:
at least one injection vortex diod¢ wherein injection fluid flow entering the injection
vortex diode travels primarily in a radial ditgction and wherein production fluid flow entering
the injection vortex diode travels primarily in \tangential direction; and
at least one production vortex diode in pagallel with the at least one injection vortex
diode wherein production fluid flow entering the production vortex diode travels primarily in
a radial direction and wherein injection fluid flow &utering the production vortex diode
travels primarily in a tangential direction.

10. The flow control system as recited in claim 9 wheyein the at Icast one injection
vortex diode is in series with a nozzle having a throat portion and ¥ diffuscr portion operable

to enable critical flow therethrough.

11.  The flow control system as recited in claim 9 wherein the at Nast one injection

vortex diode is in series with a fluid selector valve.

12.  The flow control system as recited in claim 9 wherein the at

production vortex diode is in series with an inflow control device.
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13, The flow control system as recited in claim 9 wherein the at least one injection

vortex diode further comprises a plurality of injection vortex diodes in parallel with each

providing a flul{ flow control system at a target location downhole, the fluid flow
control system having a\ least one injection flow control component and at least one
production flow control conyponent in parallel with the at least one injection flow control
component;

pumping an injection fluid\from the surface into a formation through the fluid flow
control system such that the injectiom\fluid experiencing greater flow resistance through the
production flow control component than Yyrough the injection flow control component; and

producing a formation fluid to the siyface through the fluid flow control system such
that the production fluid experiencing greatex, flow resistance through the injection flow
control component than through the production flow control component.

16.  The method as recited in claim 15 whein pumping the injection fluid from
the surface into the formation through the fluid flow Yontrol system further comprises
pumping the injection fluid through parallel opposing fluid\diodes, each having direction

dependent flow resistance.

17.  The method as recited in claim 15 wherein producing\he formation fluid to
the surface through the fluid flow control system further comprises prodycing the formation

fluid through parallel opposing fluid diodes, each having direction dependent\flow resistance.

18.  The method as recited in claim 15 wherein pumping the injection fluid from
the surface into a formation through the fluid flow control system further comprises gumping
the injection fluid through parallel opposing vortex diodes, cach having dircction depdydent

flow resistance.
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19.  The method as recited in claim 15 wherein producing the formation fluid to
he surface through the fluid flow control system further comprises producing the formation

flind through parallel opposing vortex diodes, each having direction dependent flow

20.\, The method as recited in claim 15 wherein pumping the injection fluid from
the surface iNp the formation through the fluid flow control system further comprises
pumping the injestion fluid through an injection fluid diode having direction dependent flow
resistance and a nozx|e in series with the fluid diode, the nozzle having a throat portion and a

diffuser portion operablg to enable critical flow therethrough.

21. A bidirectiony] downhole fluid flow control system comprising:

at least one injection \flow control component having direction dependent flow
resistance; and

at least one production flow\ control component in parallel with the at least one
injection flow control component,

wherein, inflow of production fluid\experiences a greater flow resistance through the
at least one injection flow control componenithan outflow of injection fluid through the at

least one mjection flow control component.

22.  The flow control system as recited m\ claim 21 wherein the at least one
production flow control has direction dependent flow resistance wherein outflow of injection
fluid experiences a greater flow resistance through the at Ngast one injection flow control
component than inflow of production fluid through the at leagt onc injection flow control

component.

23.  The flow control system as recited in claim 21 whergin the at least one
injection flow control component further comprises a vortex diode wherdn injection fluid
flow cntering the vortex diode travels primarily in a radial dircction and whelgin production

fluid flow entering the vortex diode travels primarily in a tangential direction.
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24.  The flow control system as recited in claim 21 wherein the at least one
injection flow control component further comprises a fluidic diode providing greater
rexistance to flow in the production direction than in the injection direction in series with a
nozz¥; having a throat portion and a diffuser portion opcrable to cnable critical flow

therethryugh.

25. \The flow control system as recited in claim 21 wherein the at least one

production flow ¥ontrol component further comprises an inflow control device.




CLAIMS

1. A bidirectional downhole fluid flow control system comprising:

at least one injection flow control component having direction dependent flow resistance,
wherein the at least one injection flow control component comprises a fluidic diode providing
greater resistance to flow in a production direction than in an injection direction in series with a

fluid selector valve; and

at least one production flow control component in parallel with the at least one injection

flow control component and having direction dependent flow resistance,

wherein, injection fluid flow experiences a greater flow resistance through the at least one
production flow control component than through the at least one injection flow control

component; and

wherein, production fluid flow experiences a greater flow resistance through the at least
one injection flow control component than through the at least one production flow control

component.

2. The flow control system as recited in claim 1 wherein the at least one injection flow
control component further comprises a fluidic diode providing greater resistance to flow in the

production direction than in the injection direction.

3. The flow control system as recited in claim | wherein the at least one production flow
control component further comprises a fluidic diode providing greater resistance to flow in the

injection direction than in the production direction.

4. The flow control system as recited in claim 1 wherein the at least one injection flow

control component further comprises a vortex diode wherein injection fluid flow entering the



vortex diode travels primarily in a radial direction and wherein production fluid flow entering the

vortex diode travels primarily in a tangential direction.

5. The flow control system as recited in claim 1 wherein the at east one production flow
control component further comprises a vortex diode wherein production fluid flow entering the
vortex diode travels primarily in a radial direction and wherein injection fluid flow entering the

vortex diode travels primarily in a tangential direction.

6. The flow control system as recited in claim 1 wherein the at least one injection flow
control component further comprises a fluidic diode providing greater resistance to flow in the
production direction than in the injection direction in series with a nozzle having a throat portion

and a diffuser portion operable to enable critical flow therethrough.

7. The flow control system as recited in claim 1 wherein the at least one production flow
control component further comprises a fluidic diode providing greater resistance to flow in the

injection direction than in the production direction in series with an inflow control device.

8. A bidirectional downhole fluid flow control system comprising:

at least one injection vortex diode in series with a fluid selector valve wherein injection
fluid flow entering the injection vortex diode travels primarily in a radial direction and wherein
production fluid flow entering the injection vortex diode travels primarily in a tangential

direction; and

at least one production vortex diode in parallel with the at least one injection vortex diode
wherein production fluid flow entering the production vortex diode travels primarily in a radial
direction and wherein injection fluid flow entering the production vortex diode travels primarily

in a tangential direction.



9. The flow control system as recited in claim 8 wherein the at least one injection vortex
diode is in series with a nozzle having a throat portion and a diffuser portion operable to enable

critical flow therethrough.

10. The flow control system as recited in claim 8 wherein the at least one production

vortex diode is in series with an inflow control device.

11. The flow control system as recited in claim 8 wherein the at least one injection vortex

diode further comprises a plurality of injection vortex diodes in parallel with each other.

12. The flow control system as recited in claim 8 wherein the at least one production

vortex diode further comprises a plurality of production vortex diodes in parallel with each other.

13. A bidirectional downhole fluid flow controi method comprising:

providing a fluid flow control system at a target location downhole, the fluid flow control
system having at least one injection flow control component and at least one production flow

control component in parallel with the at least one injection flow control component;

pumping an injection fluid from the surface into a formation through an injection fluid
diode having direction dependent flow resistance and a nozzle in series with the fluid diode of
the fluid flow control system, the nozzle having a throat portion and a diffuser portion operable
to enable critical flow therethrough, such that the injection fluid experiencing greater flow
resistance through the production flow control component than through the injection flow control
component; and producing a formation fluid to the surface through the fluid flow control system
such that the production fluid experiencing greater flow resistance through the injection flow

control component than through the production flow control component.

14.The method as recited in claim 13 wherein pumping the injection fluid from the

surface into the formation through the fluid flow control system further comprises pumping the
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injection fluid through parallel opposing fluid diodes, each having direction dependent flow

resistance.

15. The method as recited in claim 13 wherein producing the formation fluid to the
surface through the fluid flow control system further comprises producing the formation fluid

through parallel opposing fluid diodes, each having direction dependent flow resistance.

16. The method as recited in claim 13 wherein pumping the injection fluid from the
surface into a formation through the fluid flow control system further comprises pumping the
injection fluid through parallel opposing vortex diodes, each having direction dependent flow

resistance.

17. The method as recited in claim 13 wherein producing the formation fluid to the
surface through the fluid flow control system further comprises producing the formation fluid

through parallel opposing vortex diodes, each having direction dependent flow resistance.

18. A bidirectional downhole fluid flow control system comprising:

at least one injection flow control component having direction dependent flow resistance;

and

at least one production flow control component in parallel with the at least one injection
flow control component, the at least one production flow control component comprising an

inflow control device,

wherein, inflow of production fluid experiences a greater flow resistance through the at
least one injection flow control component than outflow of injection fluid through the at least

one injection flow control component.

19. The flow control system as recited in claim 18 wherein the at least one production

flow control has direction dependent flow resistance wherein outflow of injection fluid
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experiences a greater flow resistance through the at least one production flow control component

than inflow of production fluid through the at least one production flow control component.

20. The flow control system as recited in claim 18 wherein the at least one injection flow
control component further comprises a vortex diode wherein injection fluid flow entering the
vortex diode travels primarily in a radial direction and wherein production fluid flow entering the

vortex diode travels primarily in a tangential direction.

21. The flow control system as recited in claim 18 wherein the at least one injection flow
control component further comprises a fluidic diode providing greater resistance to flow in the
production direction than in the injection direction in series with a nozzle having a throat portion

and a diffuser portion operable to enable critical flow therethrough.



