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CLAIMS 

Th 	invention claimed is: 

1.  variable flow resistance system comprising: 

a chamber configured to induce rotational motion of a fluid flowing 

5 ther through; 

fluid inlet coupled to the chamber; and 

a 	id outlet coupled to the chamber that allows the fluid to exit 

through at 	ast a sidewall of the chamber. 

2.  The variable f 	w resistance system of claim 1, wherein the fluid outlet 

10 comprises a cha 	el within the chamber that extends from the top or bottom 

interior surface of tie chamber through at least a sidewall of the chamber. 

3.  The variable flow resi- ance system of claim 2, wherein the channel exits 

through the sidewall of 	e chamber at more than one point. 

4.  The variable flow resistant; system of claim 1, wherein the fluid outlet 

15 comprises at least one hole i 	the sidewall of the chamber. 

5.  The variable flow resistance sys 	m of claim 1, wherein at least a portion of 

the sidewall of the chamber has a 	least some degree of curvature. 

6.  The variable flow resistance system • 	claim 1, wherein the chamber is 

configured such that the rotational mot •n occurs, at least in part, in the 

20 same direction as the fluid flow. 	\  

7.  The variable flow resistance system of claim 	, wherein the fluid inlet 

comprises a main flow pathway and a branch 	•w pathway; 

wherein the branch flow pathway is config 	ed such that fluid entering 

the branch flow pathway does not undergo rotation. motion or undergoes 

25 less rotational motion than fluid entering the main flo 	pathway. 

8.  The variable flow resistance system of claim 7, wherein 	le branch flow 

pathway is structurally connected to the fluid outlet. 

9.  The variable flow resistance system of claim 1, wherein the cl . mber is 

configured to induce increasing rotational motion of the fluid wit 	decreasing 

30 fluid viscosity. 

10.  A variable flow resistance system comprising: 

a plurality of chambers that are connected in series fluid 
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nvention claímed is

1 variable flow resistance system comprising:

a chamber configured to induce rotational motion of a fluid flowing

rh rough;

fluíd inlet coupled to the chamber; and

a id outlet coupled to the chamber that allows the fluid to exit

through at st a sidewall of the chamber.

2. The variable resistance system of claim 1, wherein the fluid outlet

comprises a cha within the chamber that extends from the top or bottom

interior surface of chamber through at least a sídewall of the chamber

3. The variable flow nce system of claim 2, wherein the channel exits

through the sidewall of chamber at more than one point.

4. The variable flow resistan system of claim 1, whereÍn the fluid outlet
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comprises at least one hole

The variable flow resistance

the sidewall of the chamber

of clalm 1, wherein at least a portion of

east some degree of curvature.

such that fluid entering

motion or undergoes

e branch flow

decreasing

the sidewall of the chamber has

6. The variable flow resistance system claim 1, wherein the chamber is

configured such that the rotational

same direction as the fluid flow.

occurs, at least in part, in the

7. The variable flow resistance system of cla , wherein the fluid inlet

comprises a main flow pathway and a branch pathway;

wherein the branch flow pathway is confÍg

the branch flow pathway does not undergo

25 less rotational motion than fluid entering the main flo athway

The variable flow resistance system of claim 7, wherein

pathway is structurally connected to the fluid outlet.

9. The variable flow resistance system of claim 1, wherein the c mber is

configured to induce increasing rotational motion of the fluid w

fluid viscosity,

A variable flow resistance system comprising:

a plurality of chambers that are connected in series fluid
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communication with one another, each chamber having a fluid inlet and a 

fluid outlet coupled thereto; 

wherein at least some of the chambers are configured to induce 

ro 	tional motion of a fluid flowing therethrough; and 

5 wherein the fluid outlets of at least some of the chambers are 

configu 	d to allow the fluid to exit through at least a sidewall of the 

chamber. 

11.  The variable 	ow resistance system of claim 10, wherein at least some of the 

chambers are c. figured such that the rotational motion occurs, at least in 

10 part, in the same • rection as the fluid flow. 

12.  The variable flow res stance system of claim 10, wherein at least some of the 

chambers are configur- • to induce increasing rotational motion of the fluid 

with decreasing fluid visc•-ity. 

13.  The variable flow resistance 	ystem of claim 10, wherein at least some of the 

15 chambers have at least some • -gree of curvature in at least a portion of the 

sidewall of the chamber. 

14.  The variable flow resistance system •f claim 10, wherein the fluid outlet of at 

least some of the chambers comprises - channel within the chamber that 

extends from the top or bottom interior 	rface of the chamber through at 

20 least a sidewall of the chamber. 

15.  The variable flow resistance system of claim 11, wherein the fluid outlet of at 

least some of the chambers comprises at least o e hole in the sidewall of the 

chamber. 

16.  The variable flow resistance system of claim 10, when; in the fluid inlets of at 

25 least some of the chambers comprise a main flow path 	y and a branch flow 

pathway; 

wherein the branch flow pathway is configured such that fluid entering 

the branch flow pathway does not undergo rotational motion or 	ndergoes 

less rotational motion than fluid entering the main flow pathway. 

30 	17. The variable flow resistance system of claim 16, wherein the branch 'ow 

pathway is structurally connected to the fluid outlet in at least some of 

chambers. 
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communication wÍth one another, each chamber having a fluid inlet and a

fluid outlet coupled thereto;

wherein at least some of the chambers are confÍgured to induce

I motion of a fluid flowing therethrough; and

wherein the fluid outlets of at least some of the chambers are

configu to allow the fluid to exit through at least a sidewall of the

chamber

11. The varÍable resistance system of claim 10, wherein at least some of the

chambers are gured such that the rotational motion occurs/ at least ín

part, in the same rection as the fluid flow.

12. The variable flow re ce system of claim 10, wherein at least some of the

to induce increasing rotational motion of the fluidchambers are confígu

with decreasing fluid vi

13, The variable flow resistance of claim 10, wherein at least some of the

chambers have at least some ree of curuature ín at least a portion of the

sídewall of the chamber.

L4. The variable flow resistance system claim 10, wherein the fluid outlet of at

least some of the chambers com channel within the chamber that

extends from the top or bottom interior

least a sidewall of the chamber.

rface of the chamber through at

15. The variable flow resistance system of claim wherein the fluid outlet of at

16. The variable flow resistance system of claim 10, whe n the fluid inlets of at

least some of the chambers comprises at least

chamber.

least some of the chambers comprise a main flow path

pathway;

hole in the sidewall of the

and a branch flow25

whereín the branch flow pathway is configured such fluid entering

the branch flow pathway does not undergo rotational motion or ndergoes

less rotational motion than fluid entering the main flow pathway

30 17. The variable flow resistance system of claim 16, wherein the branch W

pathway is structurally connected to the fluid outlet ín at least some of

chambers
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18. A method comprising: 

installing a wellbore pipe in an uncompleted wellbore; 

wherein the wellbore pipe comprises at least one variable flow 

resist. 	ce system in fluid communication with the interior of the wellbore 

5 	pipe, ea 	variable flow resistance system comprising: 

a plurality of chambers that are connected in series fluid 

communicatio 	with one another, each chamber having a fluid inlet and a 

fluid outlet coupl- s thereto; 

erein at least some of the chambers are configured to 

10 	induce rotational motio,  of a fluid flowing therethrough; and 

where , the fluid outlets of at least some of the chambers 

are configured to allow the 	id to exit through at least a sidewall of the 

chamber. 

19. The method of claim 1g, further c 	prising: 

15 allowing a formation fluid to fl 	through at least some of the variable 

flow resistance systems and into the int 	ior of the wellbore pipe; and 

producing the formation fluid from t 	wellbore pipe. 

20. The method of claim 18, wherein the uncomp eted wellbore comprises a 

horizontal wellbore. 

20 	21. 	The method of claim 18, wherein the uncompleted irvellbore penetrates a 

subterranean formation comprising a plurality of inter 	Is; and 

wherein there is at least one variable flow resistan 	system within 

each interval. 

21 

5

wo 20131070219 PCT/U52011/060087

18 A method comprising:

installing a wellbore pípe in an uncompleted wellbore;

whereín the wellbore pípe comprises at least one varÍable flow

rest system in fluid communication with the interior of the wellbore

variable flow resistance system comprising:prpe, ea

a plurality of chambers that are connected in series fluid

communicatio with one another, each chamber having a fluid inlet and a

fluid outlet coup thereto;

rein at least some of the chambers are configured to

10 induce rotational of a fluid flowing therethrough; and

whe the fluid outlets of at least some of the chambers

are configured to allow the

chamber.

d to exit through at least a sidewall of the

19. The method of claim ld, further prising

15 allowing a formation fluid to through at least some of the variable

flow resistance systems and into the i of the wellbore pipe; and

wellbore pipe.producing the formation fluid from

20. The method of claim 18, wherein the uncomp wellbore comprises a

horizontal wellbore.

20 21. The method of claim 18, wherein the uncompleted llbore penetrates a

subterranean formation comprising a plurality of inte ls; and

wherein there is at least one variable flow resistan system within

each interval.
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CLAIMS 

1. A variable flow resistance system comprising: 

a chamber configured to induce rotational motion of a fluid flowing therethrough, the 

chamber having a top interior surface and a bottom interior surface and a sidewall extending 

therebetween; 

a fluid inlet coupled to the chamber; 

a channel defined in the bottom interior surface and extending through the sidewall; and 

a fluid outlet coupled to the chamber at the channel, the fluid outlet being configured to 

allow the fluid to exit through the sidewall of the chamber via the channel. 

2. The variable flow resistance system of claim 1, wherein the channel exits through the 

sidewall of the chamber at more than one point. 

3. The variable flow resistance system of claim 1, wherein the fluid outlet comprises at 

least one hole in the sidewall of the chamber. 

4. The variable flow resistance system of claim 1, wherein at least a portion of the sidewall 

of the chamber is arcuate. 

5. The variable flow resistance system of claim 1, wherein the chamber is configured such 

that the rotational motion occurs, at least in part, in the same direction as the fluid flow. 

6. The variable flow resistance system of claim 1, wherein the fluid inlet comprises a main 

flow pathway and a branch flow pathway; wherein the branch flow pathway is configured 

such that fluid entering the branch flow pathway does not undergo rotational motion or 

undergoes less rotational motion than fluid entering the main flow pathway. 

7. The variable flow resistance system of claim 1, wherein the chamber is configured to 

induce increasing rotational motion of the fluid with decreasing fluid viscosity. 

8. A variable flow resistance system comprising: 

a plurality of chambers that are connected in series fluid communication with one 

another, each chamber having a fluid inlet and a fluid outlet coupled thereto; 
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1. A variable flow resistance system comprising:

a chamber configured to induce rotational motion of a fluid flowing therethrough, the

chamber having a top interior surface and a bottom interior surface and a sidewall extending

therebetween;

a fluid inlet coupled to the chamber;

a channel defined in the bottom interior surface and extending through the sidewall; and

a fluid outlet coupled to the chamber at the channel, the fluid outlet being configured to

allow the fluid to exit through the sidewall of the chamber via the channel.

The variable flow resistance system of claim 1, wherein the channel exits through the

sidewall of the chamber at more than one point.

The variable flow resistance system of claim 1, wherein the fluid outlet comprises at

least one hole in the sidewall of the chamber.

The variable flow resistance system of claim 1, wherein at least a portion of the sidewall

of the chamber is arcuate.

The variable flow resistance system of claim 1, wherein the chamber is configured such

that the rotational motion occurs, at least in part, in the same direction as the fluid flow.

The variable flow resistance system of claim 1, wherein the fluid inlet comprises a main

flow pathway and a branch flow pathway; wherein the branch flow pathway is configured

such that fluid entering the branch flow pathway does not undergo rotational motion or

undergoes less rotational motion than fluid entering the main flow pathway.

The variable flow resistance system of claim 1, wherein the chamber is configured to

induce increasing rotational motion of the fluid with decreasing fluid viscosity.

B. A variable flow resistance system compflsrng:

a plurality of chambers that are connected in series fluid communication with one

another, each chamber having a fluid inlet and a fluid outlet coupled thereto;
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wherein at least some of the chambers are configured to induce rotational motion of a 

fluid flowing therethrough; and 

wherein the fluid outlet of at least one of the chambers is coupled to the chamber at a 

channel defined in a bottom interior surface of the chamber, the channel extending through a 

sidewall of the chamber and the fluid outlet being configured to allow the fluid to exit through the 

sidewall of the chamber via the channel. 

9. The variable flow resistance system of claim 1, wherein at least some of the chambers 

are configured such that the rotational motion occurs, at least in part, in the same 

direction as the fluid flow. 

10. The variable flow resistance system of claim 8, wherein at least some of the chambers 

are configured to induce increasing rotational motion of the fluid with decreasing fluid 

viscosity. 

11. The variable flow resistance system of claim 8, wherein at least some of the chambers 

have at least some degree of curvature in at least a portion of a respective sidewall of 

each chamber. 

12. The variable flow resistance system of claim 8, wherein the fluid outlet of at least some 

of the chambers comprises at least one hole in a respective sidewall of each chamber. 

13. The variable flow resistance system of claim 8, wherein the fluid inlets of at least some 

of the chambers comprise a main flow pathway and a branch flow pathway; 

wherein the branch flow pathway is configured such that fluid entering the branch flow 

pathway does not undergo rotational motion or undergoes less rotational motion than fluid 

entering the main flow pathway. 

14. A method comprising: 

installing a wellbore pipe in an uncompleted wellbore, the wellbore pipe comprising at 

least one variable flow resistance system in fluid communication with an interior of the wellbore 

pipe, the at least one variable flow resistance system comprising: 

a plurality of chambers that are connected in series fluid communication with one 

another, each chamber having a fluid inlet and a fluid outlet coupled thereto; 
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wherein at least some of the chambers are configured to induce rotational motion of a

fluid flowing therethrough; and

wherein the fluid outlet of at least one of the chambers is coupled to the chamber at a

channel defined in a bottom interior suface of the chamber, the channel extending through a

sidewall of the chamber and the fluid outlet being configured to allow the fluid to exit through the

sidewall of the chamber via the channel.

The variable flow resistance system of claim 1, wherein at least some of the chambers

are configured such that the rotational motion occurs, at least in part, in the same

direction as the fluid flow.

10 The variable flow resistance system of claim B, wherein at least some of the chambers

are configured to induce increasing rotational motion of the fluid with decreasing fluid

viscosity.

11 The variable flow resistance system of claim B, wherein at least some of the chambers

have at least some degree of curvature in at least a podion of a respective sidewall of

each chamber.

12 The variable flow resistance system of claim B, wherein the fluid outlet of at least some

of the chambers comprises at least one hole in a respective sidewall of each chamber.

13. The variable flow resistance system of claim 8, wherein the fluid inlets of at least some

of the chambers comprise a main flow pathway and a branch flow pathway;

wherein the branch flow pathway is configured such that fluid entering the branch flow

pathway does not undergo rotational motion or undergoes less rotational motion than fluid

entering the main flow pathway.

14. A method comprising:

installing a wellbore pipe in an uncompleted wellbore, the wellbore pipe comprising at

least one variable flow resistance system in fluid communication with an interior of the wellbore

pipe, the at least one variable flow resistance system comprising:

a plurality of chambers that are connected in series fluid communication with one

another, each chamber having a fluid inlet and a fluid outlet coupled thereto;
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wherein at least some of the chambers are configured to induce rotational motion of a 

fluid flowing therethrough; and 

wherein the fluid outlet of at least one of the chambers is coupled to the chamber at a 

channel defined in a bottom interior surface of the chamber, the channel extending through a 

sidewall of the chamber and the fluid outlet being configured to allow the fluid to exit through the 

sidewall of the chamber via the channel. 

15. The method of claim 14, further comprising: 

allowing a formation fluid to flow through the at least one variable flow resistance system 

and into the interior of the wellbore pipe; and producing the formation fluid from the 

wellbore pipe. 

16. The method of claim 14, wherein the uncompleted wellbore comprises a horizontal 

wellbore. 

17. The method of claim 14, wherein the uncompleted wellbore penetrates a subterranean 

formation comprising a plurality of intervals; and 

wherein there is at least one variable flow resistance system within each interval. 
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wherein at least some of the chambers are configured to induce rotational motion of a

fluid flowing therethrough; and

wherein the fluid outlet of at least one of the chambers is coupled to the chamber at a

channel defined in a bottom interior surface of the chamber, the channel extending through a

sidewall of the chamber and the fluid outlet being configured to allow the fluid to exit through the

sidewall of the chamber via the channel.

15. The method of claim 14, further comprising:

allowing a formation fluid to flow through the at least one variable flow resistance system

and into the interior of the wellbore pipe; and producing the formation fluid from the

wellbore pipe.

16 The method of claim 14, wherein the uncompleted wellbore comprises a horizontal

wellbore.

17 The method of claim 14, wherein the uncompleted wellbore penetrates a subterranean

formation comprising a plurality of intervals; and

wherein there is at least one variable flow resistance system within each interval.
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