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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 

resis 	icc; and 

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

injection 1 , w control component and having direction dependent flow resistance, 

where h , injection fluid flow experiences a greater flow resistance through the at least 

one production 	w control component than through the at least one injection flow control 

component; and 

10 wherein, production fluid flow experiences a greater flow resistance through the at 

least one injection flow .onto component than through the at least one production flow 

control component. 

2. The flow control sy, em as recited in claim 1 wherein the at least one injection 

15 	flow control component further comp ses a fluidic diode providing greater resistance to flow 

in the production direction than in the in -ction direction. 

3. The flow control system as 	cited in claim 1 	wherein the at least one 

production flow control component further co 	prises a fluidic diode providing greater 

20 	resistance to flow in the injection direction than in th - production direction. 

4. The flow control system as recited in al ii n 	wherein the at least one injection 

flow control component further comprises a vortex diod 	wherein injection fluid flow 

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

25 	flow entering the vortex diode travels primarily in a tangential dire 	on. 

5. The flow control system as recited in claim 1 	where 	the at least one 

production flow control component further comprises a vortex diode w' rein production 

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

30 	injection fluid flow entering the vortex diode travels primarily in a tangential direc on. 
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What is claimed is:

l. A bidirectional downhole fluid flow control system comprising:

at least one injection flow control component having direction dependent flow

and

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

injection control component and having direction dependent flow resistance,

injection fluid flow experiences a greater flow resistance through the at least

one production

component;and

least one injection flow

control component.

component than through the at least one production flow

control component than through the at least one injection flow control

wherein, prod fluid flow experiences a greater flow resistance through the atl0

l5

2. The flow control

flow control component further

in the production direction than

as recited in claim I wherein the at least one injection

a fluidic diode providing greater resistance to flow

direction

ited in claim I wherein the at least one

in the ln

3. The flow control system as

production flow control component further a fluidic diode providing greater

20 resistance to flow in the injection direction than in direction.

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

flow control component further comprises a vortex di whcrcin injcction fluid flow

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

25 flow cntcring the vortex diode travels primarily in a tangcntial

5. The flow control system as recited in claim I the at least one

production flow control component further comprises a vortex diode w n production

and whereinfluid flow entering the vortex diode travel.s primarily in a radial direct

30 injcction fluid flow cntcring thc vortcx diodc travcls primarily in a tangcntial d

It{
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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 

theta •ortion and a diffuser portion operable to enable critical flow therethrough. 

5 

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

flow control c mponent further comprises a fluidic diode providing greater resistance to flow 

in the production • trection than in the injection direction in series with a fluid selector valve. 

10 8. The flo 	control system as recited in claim 1 wherein the at least one 

production flow control 	omponent further comprises a fluidic diode providing greater 

resistance to flow in the inje, tion direction than in the production direction in series with an 

inflow control device. 

15 9. A bidirectional down h. e fluid flow control system comprising: 

at least one injection vortex dio• 	wherein injection fluid flow entering the injection 

vortex diode travels primarily in a radial di 	ction and wherein production fluid flow entering 

the injection vortex diode travels primarily in . tangential direction; and 

at least one production vortex diode in p .allel with the at least one injection vortex 

20 diode wherein production fluid flow entering the p • uction vortex diode travels primarily in 

a radial direction and wherein injection fluid flow • tering the production vortex diode 

travels primarily in a tangential direction. 

10. The flow control system as recited in claim 9 wh• cin the at least one injection 

25 vortex diode is in series with a nozzle having a throat portion and . diffuser portion operable 

to enable critical flow therethrough. 

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

vortex diode is in series with a fluid selector valve. 

30 

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

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

control component further comprises a fluidic diode providing greater resistance to flow

ln production direction than in the injection direction in .series with a nozzle having a

and a diffuser portion opcrablc to cnable critical flow thcrcthrough

.7 The flow control system as recited in claim I wherein the at least one injection

flow control further comprises a fluidic diode providing greater resistance to flow

in the than in the injection direction in series with a fluid selector valve

8. The control system as recited in claim I wherein the at least one

production flow control further comprises a fluidic diode providing greater

resistance to flow in the inj

inflow control device.

direction than in the production direction in series with an

9. A bidirectional fluid flow control system comprising:

at least one injection vortex wherein injection fluid flow entering the injection

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

gential direction; andthe injection vortex diode travels primarily in

at least one production vortex diode in with the at least one injection vortex

20 diode wherein production fluid flow entering the vortex diode travels primarily in

a radial direction and wherein injection fluid flow

travels primarily in a tangential direction.

the production vorlex diode

10. The flow control system as recited in claim 9 w in the at least one injection

25 vortcx diode is in series with a nozzlc having a tluoat portion and

to enable critical flow therethrough.

diffuscr portion opcrable

I 1. The flow control system as recited in claim 9 wherein the at

vortex diode is in series with a fluíd selector valve.

one rnJectron

30

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

production voftex diode is in series with an inflow control clcvicc.

l9

one
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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 

of er, 

1 	The flow control system as recited in claim 9 wherein the at least one 

	

production 	ortex diode further comprises a plurality of production vortex diodes in parallel 

with each oth 

15. A bi 	ectional downhole fluid flow control method comprising: 

10 providing a flu 	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 con 7oncnt in parallel with the at least one injection flow control 

component; 

pumping an injection fluid rom the surface into a formation through the fluid flow 

15 control system such that the injection fluid experiencing greater flow resistance through the 

production flow control component than 	rough the injection flow control component; and 

producing a formation fluid to the s face through the fluid flow control system such 

that the production fluid experiencing great- 	flow resistance through the injection flow 

control component than through the production fl 	control component. 

20 

16. The method as recited in claim 15 whet •in pumping the injection fluid from 

the surface into the formation through the fluid flow 	ontrol system further comprises 

pumping the injection fluid through parallel opposing flui 	diodes, each having direction 

dependent flow resistance. 

25 

17. The method as recited in claim 15 wherein producing he formation fluid to 

the surface through the fluid flow control system further comprises pros sing the formation 

fluid through parallel opposing fluid diodes, each having direction dependen 	ow resistance. 

30 18. The method as recited in claim 15 wherein pumping the injectiot fluid from 

the surface into a formation through the fluid flow control system further comprises .umping 

the injection fluid through parallel opposing vortex diodes, each having direction dep 	'dent 

flow resistance. 

20 
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13. The flow control system as recited in claim 9 wherein the at least one injection

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

5 The flow control system as recited in claim 9 wherein the at least one

diode further comprises a plurality of production vortex diodes in parallel

with each

downhole fluid flow control method comprising

10 providing a flow control system at a target location downhole, the fluid flow

control system having

production flow control

component;

least one injection flow control component and at least one

in parallel with the at least one injection flow control

pumping an injection the surface into a formation through the fluid flow

15 control system such that the inj experiencing greater flow resistance through the

production flow control component than the injection flow control component; and

producing a formation fluid to the through the fluid flow control system such

that the production fluid experiencing flow resistance through the injection flow

control component than through the production control component.

20

16. The method as recited in claim 15 pumping the injection fluid from

the surface into the formation through the fluid flow I system further comprises

pumping the injection fluid through parallel opposing flui

dependent flow resistance.

each having direction

25

17. The method as recited in claim 15 wherein produ formation fluid to

the surface through the fluid flow control system ftrrlher comprises the formation

fluid through parallel opposing fluid diodes, each having direction depend ow resistance.

30 18. The method as recited in claim 15 wherein pumping the inj fluid fiom

the surface into a formation through the fluid flow control systcm furlhcr comprises

the injection fluid through parallel opposing vorlex diodes, cach having dircction

florv resistance.

15. A

20

dent
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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 

fit d 	through parallel opposing vortex diodes, 	each having direction dependent flow 

resist, icc. 

5 

20. The method as recited in claim 15 wherein pumping the injection fluid from 

the surface it a the formation through the fluid flow control system further comprises 

pumping the injc, ion fluid through an injection fluid diode having direction dependent flow 

resistance and a noz 	e in series with the fluid diode, the nozzle having a throat portion and a 

10 diffuser portion aperab 	to enable critical flow therethrough. 

21. A bidirection I downhole fluid flow control system comprising: 

at least one injection 	ow control component having direction dependent flow 

resistance; and 

15 at least one production flo 	control component in parallel with the at least one 

injection flow control component, 

wherein, inflow of production fluiu experiences a greater flow resistance through the 

at least one injection flow control componen than outflow of injection fluid through the at 

least one injection flow control component. 

20 

22. The flow control system as recited i 	claim 21 wherein the at least one 

production flow control has direction dependent flow res , lance wherein outflow of injection 

fluid experiences a greater flow resistance through the at 	-ast one injection flow control 

component than inflow of production fluid through the at lc' t one injection flow control 

25 component. 

23. The flow control system as recited in claim 21 whe * in the at least one 

injection flow control component further comprises a vortex diode when. n injection fluid 

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

30 fluid flow entering the vortex diode travels primarily in a tangential direction. 

21 
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19. The method as recited in claim 15 wherein producing the formation fluid to

surface through the fluid flow control system further comprises producing the formation

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 the formation through the fluid flow control system further comprises

pumping the inj

resistance and a

diffuser portion

fluid through an injection fluid diode having direction dependent flow

in series with the fluid diode, the nozzle having a throat portion and a

to enable critical flow therethrough.

5

10

l5

20

25

at least one injection

resistance; and

22. The flow control system as recited

production flow control has direction dependent flow

fluid experiences a greater flow resistance through

componcnt than inflow of production fluid through

component.

downhole fluid flow control system comprising

claim 21 wherein the at least one

wherein outflow of injection

the at

21. A

control component having direction dependent flow

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

injection flow control component,

wherein, inflow of production fl a greater flow resistance through the

at least one injection flow control than outflow of injection fluid through the at

least one injection flow control component

thc at

one injection flow control

onc injcction flow control

n the at least one

injection fluid

and production

lrectlon30

23. The flow control system as recited in claim 2l w

injection flow control component further comprises a vortex diode

flow cntering the vortex diode travels primarily in a radial dircction

fluid flow entering the vortex diode travels primarily in a tangential d

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

njection flow control component further comprises a fluidic diode providing greater 

re, 'stance to flow in the production direction than in the injection direction in series with a 

nozz 	having a throat portion and a diffuser portion operable to enable critical flow 

5 thcrethr ugh. 

25. The flow control system as recited in claim 21 wherein the 

production flow antral component further comprises an inflow control device. 

at least one 

22 
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24. The flow control system as recited in claim 21 wherein the at least one

ection flow control component further comprises a fluidic diode providing greater

to flow in the production direction than in the injection direction in series with a

having a throat portion and a diffuser portion operable to enablc critical flow

5

25.

production

The flow control system as recited in claim 2l wherein the at least one

component further comprises an inflow control device.

22



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 I 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 l wherein the at least one injection flow 

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

18 

CLAIMS

l. 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 I 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 I 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 I wherein the at least one injection flow

control component further comprises a vortex diode wherein injection flLrid fìow entering the

t8



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 least 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. 

19 

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 I wherein the at Ieast 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 I 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 I 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.

l9



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 control 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 

20 

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 controlsystem as recited in claim 8 wherein the at least one production

vortex diode is in series with an inflow control device.

I l. The flow control system as recited in claim 8 wherein the at least one injection voftex

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 control method comprising:

providing a fluid flow control system at atarget 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, thenozzle 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.

l4.The method as recited in claim l3 wherein pumping the injection fluid from the

surface into the formation through the fluid flow control system further comprises pumping the

20



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 

21 

injection fluid through parallel opposing fluid diodes, each having direction dependent flow

resistance.

15. The method as recited in claim I 3 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 l3 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 l3 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 I 8 wherein the at least one production

flow control has direction dependent flow resistance wherein outflow of injection flLrid

2t



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. 

22 

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 l8 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.

2l. The flow control system as recited in claim I 8 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.

22


