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METHOD AND APPARATUS FOR MANIPULATING

MOVEMENT OF A MICRO-CATHETER

CLAIM OF PRIORITY

This application claims priority to U.S. Provisional Application 61/247,886 filed

on October 1, 2009 which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to medical devices, and more particularly to

miniaturized in-situ imaging devices and methods of operation of said devices.

BACKGROUND

Catheters have been in use for medical procedures for many years to examine,

diagnose, and treat patients. The movement of a catheter through the vasculature of a

patient to probe deeply for a considerable depth or through branching vessels requires that

the tip of the catheter be steerable (e.g., bendable or deflectable to travel at an angle when

a secondary branch of the vasculature is reached).

One presently known form of a catheter having a steerable tip at the distal end

comprises a plurality of control wires running from the steerable tip to the proximal end

at which steering means are provided for operating the control wires to bend the steerable

tip.

SUMMARY OF THE INVENTION

It has been recognized that it would be advantageous to develop a steerable micro-

catheter capable of navigating portions of a patient without the use of control wires or

micro-actuators within the micro-catheter.

In one exemplary embodiment, the invention provides a medical device

comprising an elongated tubular member having at least one lumen therein. The lumen is

proximally coupled to a pressurized fluid control system configured to regulate fluid flow

through the elongated tubular member. An aperture is disposed near a distal end of the



elongated tubular member, the aperture being in fluid communication with the at least one

lumen. In one aspect, the aperture is oriented at an angle which is non parallel to the

longitudinal axis of the elongated tubular member. A nozzle is coupled to the aperture,

wherein the nozzle is configured to regulate pressurized flow out of the catheter to

manipulate movement of the distal end of the elongated tubular member.

In an additional exemplary embodiment, the invention provides a method of

manipulating movement of a micro-catheter within a patient comprising advancing a

portion of a micro-catheter into a patient, the micro-catheter having at least one aperture

in fluid communication with a lumen of the micro-catheter. The aperture is disposed near

a distal end of the micro-catheter and is oriented non-parallel to the longitudinal axis of

the micro-catheter. The method further comprises bending a distal portion of the micro-

catheter by creating at least one fluid-flow-induced moment force on a distal end of the

micro-catheter, wherein the at least one fluid-flow-induced moment force is created by

injecting a pressure-regulated fluid through the micro-catheter and out of the at least one

aperture.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully apparent from the following

description and appended claims, taken in conjunction with the accompanying drawings.

Understanding that these drawings merely depict exemplary embodiments of the present

invention they are, therefore, not to be considered limiting of its scope. It will be readily

appreciated that the components of the present invention, as generally described and

illustrated in the figures herein, could be arranged and designed in a wide variety of

different configurations. Nonetheless, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which:

FIG. 1 is a medical device in accordance with an embodiment of the present

invention;

FIG. 2 is a side view of a distal end of a micro-catheter in accordance with one

embodiment of the present invention;

FIG. 3 is cross-sectional view of the micro-catheter of FIG. 2;



FIG. 4 is a perspective view of a micro-catheter in accordance with one

embodiment of the present invention;

FIG. 5 is an additional perspective view of the micro-catheter of FIG. 4;

FIG. 6 is a side view of the micro-catheter of FIG. 4 illustrating jetting of a fluid

from apertures of the micro-catheter;

FIG. 7 is a perspective view of an SSID optically coupled to a GRIN lens in

accordance with one embodiment of the present invention;

FIG. 8 is a perspective view of an exemplary embodiment of an SSID and

multiple GRIN lens positioned in an array; and

FIG. 9 is a perspective view of another exemplary embodiment of an SSID and

multiple GRIN lens positioned in an array.

Reference will now be made to the exemplary embodiments illustrated, and

specific language will be used herein to describe the same. It will nevertheless be

understood that no limitation of the scope of the invention is thereby intended.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTSS

The following detailed description of exemplary embodiments of the invention

makes reference to the accompanying drawings, which form a part hereof and in which

are shown, by way of illustration, exemplary embodiments in which the invention may be

practiced. While these exemplary embodiments are described in sufficient detail to

enable those skilled in the art to practice the invention, it should be understood that other

embodiments may be realized and that various changes to the invention may be made

without departing from the spirit and scope of the present invention. Thus, the following

more detailed description of the embodiments of the present invention is not intended to

limit the scope of the invention, as claimed, but is presented for purposes of illustration

only and not limitation to describe the features and characteristics of the present

invention, to set forth the best mode of operation of the invention, and to sufficiently

enable one skilled in the art to practice the invention. Accordingly, the scope of the

present invention is to be defined solely by the appended claims.



The following detailed description and exemplary embodiments of the invention

will be best understood by reference to the accompanying drawings, wherein the elements

and features of the invention are designated by numerals throughout.

It must be noted that, as used in this specification and the appended claims,

singular forms of "a," "an," and "the" include plural referents unless the context clearly

dictates otherwise.

An "SSID," "solid state imaging device," "SSID chip," or "solid state imaging

chip" in the exemplary embodiments generally comprises an imaging array or pixel array

for gathering image data. In one embodiment, the SSID can comprise a silicon or other

semiconductor substrate or amorphous silicon thin film transistors (TFT) having features

typically manufactured therein. Features can include the imaging array, conductive pads,

metal traces, circuitry, etc. Other integrated circuit components can also be present for

desired applications. However, it is not required that all of these components be present,

as long as there is a means of gathering visual or photon data, and a means of sending that

data to provide a visual image or image reconstruction.

The term "umbilical" can include the collection of utilities that operate the SSID

or the micro-camera as a whole. Typically, an umbilical includes a conductive line, such

as electrical wire(s) or other conductors, for providing power, ground, clock signal, and

output signal with respect to the SSID, though not all of these are strictly required. For

example, ground can be provided by another means than through an electrical wire, e.g.,

to a camera housing such as micromachined tubing, etc. The umbilical can also include

other utilities such as a light source, temperature sensors, force sensors, fluid irrigation or

aspiration members, pressure sensors, fiber optics, microforceps, material retrieval tools,

drug delivery devices, radiation emitting devices, laser diodes, electric cauterizers, and

electric stimulators, for example. Other utilities will also be apparent to those skilled in

the art and are thus comprehended by this disclosure.

"GRIN lens" or "graduated refractive index lens" refers to a specialized lens that

has a refractive index that is varied radially from a center optical axis to the outer

diameter of the lens. In one embodiment, such a lens can be configured in a cylindrical

shape, with the optical axis extending from a first flat end to a second flat end. Thus,

because of the differing refractive index in a radial direction from the optical axis, a lens



of this shape can simulate the affects of a more traditionally shaped lens. Exemplary

GRIN lenses may include, but are not limited to, a GRIN rod lens. However, any suitable

GRIN lens may be used herein.

With these definitions in mind, reference will now be made to the accompanying

drawings, which illustrate, by way of example, embodiments of the invention.

Manipulation of movement of medical devices within portions of a patient can be

particularly useful in medical diagnostic and treatment applications. For example,

portions of human anatomy previously viewable only by a surgical procedure can be

viewed now by minimally invasive procedures, provided an imaging device can be made

that is small enough to view the target anatomy. Advantageously, manipulation of the

movement of the imaging device without the need for special wires or heating elements

within the imaging device provides a safer, more efficient means of advancing the

medical device within tortuous portions of the anatomy of the patient. While the present

invention has applications in these aforementioned fields and others, the medical imaging

application can be used to favorably illustrate unique advantages of the invention.

With reference to FIG. 1, in one embodiment of the invention, a medical imaging

and fluid pressure control system 10 comprises a micro-catheter 12 having an imaging

device disposed at a distal tip 15 of the micro-catheter 12. A processor 22, such as an

appropriately programmed computer, is provided to control the imaging system 10 and

create an image of anatomy adjacent the distal tip portion 15, within a patient (not

shown), displayable on a monitor 24, and storable in a data storage device 26. An

interface 28 is provided which supplies power to the imaging device and feeds a digital

image signal to the processor based on a signal received from the imaging device via an

electrical umbilical, including conductive wires through the micro-catheter 12. In one

aspect, the system further includes a fitting 16 enabling a fluid, such as a clear saline

solution, to be jetted out of the distal tip portion of the micro-catheter 12 from a reservoir

1 through the micro-catheter to manipulate movement of the micro-catheter. A pump 20

is provided, and is manually actuated by a medical practitioner performing a medical

imaging procedure, or can be automated and electronically controlled so as to dispense

fluid on demand according to control signals from the practitioner, sensors, or according

to software commands.



With reference generally to FIGS. 1-6, in one embodiment of the present

invention, the distal end 15 of a medical device is shown comprising micro-catheter 1

having at least one lumen 45 therein. The lumen 45 is proximally coupled to a

pressurized fluid control system 10 configured to regulate fluid flow through the micro-

catheter 12. An aperture 50 is disposed near a distal end 15 of the micro-catheter 12 in

fluid communication with the at least one lumen 45. In one aspect of the invention, the

aperture 50 is oriented at an angle which is non parallel to the longitudinal axis of the

elongated tubular member 40. The medical device further comprises a nozzle 55 coupled

to the aperture 50, wherein the nozzle 55 is configured to regulate pressurized flow out of

the micro-catheter 2 to manipulate movement of the distal end 15 of the micro-catheter

40. In one aspect of the invention, the aperture 50 and nozzle 55 are disposed within a

recess 60 of the micro-catheter 12. Advantageously, by jetting fluid through any nozzle

55, a fluid-flow-induced moment force is created directing the distal end 15 of micro-

catheter 12 in a direction opposite the direction of the fluid jet.

In another embodiment of the present invention, the micro-catheter 12 further

comprises a plurality of apertures 50 having a nozzle 55 disposed therein near a distal end

15 of the micro-catheter 12. The plurality of apertures 50 are in fluid communication

with the at least one lumen 45. In another aspect, the micro-catheter 12 comprises a

plurality of lumens wherein each lumen is in fluid communication with the plurality of

apertures 50.

The apertures 50 and nozzles 55 are oriented such that fluid jetted from the nozzle

55 creates a fluid-flow-induced moment force directing portions of the micro-catheter 12

in a direction opposite the direction of fluid flow. Advantageously, by jetting a fluid from

nozzles 55a and 55b, for example, a user may create a bending moment force acting on

micro-catheter 12 by creating a fluid-flow-induced moment force in direction X at the

distal end 15 of micro-catheter 12 and a complementary fluid-flow-induce force in

direction Y at a longitudinal distance away from the distal end 15 of micro-catheter 12. It

is understood and contemplated herein that numerous apertures and nozzles can be placed

along numerous locations of the micro-catheter 12 as suits a particular application. For

example, aperture 50a (and associated nozzle) may be disposed on a distal end of micro-

catheter 12 with aperture 50b disposed on micro-catheter a predetermined distance along



the longitudinal axis of micro-catheter 12. In like manner, other apertures (not shown)

may be placed further down the longitudinal axis of the micro-catheter 2 as suits a

particular application. Further, the apertures (and associated nozzles) may be positioned

at different locations about the circumference of the micro-catheter 12 (e.g., linearly or in

a helix configuration, etc.) as suits a particular application. These apertures (and

associated nozzles) may be configured and oriented (i.e., the angle of the aperture with

respect to the outer surface of micro-catheter 12) to assist in steering or propelling the

micro-catheter 12 as desired.

The micro-catheter 12 can be configured to be bendable and flexible so as to be

steerable within a patient's anatomy and to minimize trauma. For example, the micro-

catheter 12 can comprise a micromachined portion 46 at the distal tip portion 15, and cut¬

out portions (not shown) which allow for increased flexibility of the tube. Such a

micromachined tube can also allow bending to facilitate guiding the micro-catheter to a

desired location by selection of desired pathways as the micro-catheter is advanced.

Additional details on construction of similar slotted micro-machined tube or segments can

be found in U.S. Patent Nos. 6,428,489, which is incorporated herein by reference. In one

aspect, the micro-catheter has a maximum diameter of less than about 760 micrometers.

In another aspect, the micro-catheter 12 has a stiffening member (not shown) removably

inserted into the at least one lumen 45.

With more specific reference to FIG. 3, the micro-catheter 12 can include an

umbilical 61, which can include electrical wires 62 and/or a light source 63, for example.

Other components that can be included within the micro-catheter 12 can include,

temperature sensors, force sensors, fluid irrigation or aspiration members, pressure

sensors, microforceps, material retrieval tools, drug delivery devices, radiation emitting

devices, laser diodes, electric cauterizers, and electric stimulators.

In one aspect, the micro-catheter 12 can also comprise an SSID or solid state

imaging device 65 that includes an imaging array (not shown) and conductive pads for

coupling the electrical wires 62 to the SSID 65. The light source shown is a fiber optic.

However, other light sources can be used, such as those carried by the SSID 65. For

example, the SSID 65 can also include light-emitting diodes (LEDs) configured to

illuminate the area immediately adjacent the distal tip portion 15. With the SSID 65 in



this configuration, a GRIN lens 70 is shown optically coupled to the imaging array of the

SSID 65. In one embodiment of the present invention, the SSID 65 has a maximum

width of approximately 450 microns.

The GRIN lens 70 can be substantially cylindrical in shape. In one embodiment,

the GRIN lens 70 can have a first flat end for receiving light, a second flat end for passing

the light to the imaging array, and an outer curved surface surrounded by an opaque

coating or sleeve member to prevent unwanted light from entering the GRIN lens 70. The

GRIN lens 70 can be optically coupled to the imaging array by direct contact between the

second flat end and the imaging array of the SSID 65. Such direct contact can include an

optically transparent or translucent bonding material at the interface between the second

flat end and the imaging array. Alternatively, the GRIN lens 70 can be optically coupled

to the imaging array of the SSID 65 through an intermediate optical device, such as a

fiber optic or a color filter, or any shape optical lens such as a prism or wide angle lens.

As will also be appreciated, while the system is illustrated by the exemplary embodiment

of a medical imaging system, these arrangements could be used in other devices, such as

visual sensors in other devices, surveillance apparatus, and in other applications where a

very small imaging device can be useful.

Moreover, with reference to all of the embodiments described herein, the device

contemplated can be very small in size, and accordingly, the imaging array of the SSID

can have a lower pixel count than would otherwise be desirable. As technology advances,

pixel size can be reduced, thereby providing clearer images and data. However, when

using a lower number of pixels in an imaging array, the resolution of the image provided

by the device can be enhanced through software in processing image data received from

the SSID. The processor showing in FIG. 1, can be appropriately programmed to further

resolve a scanned image from an array of an SSID, for example, based on information

received as the SSID is moved slightly, such as from controlled vibration. The processor

can analyze how such image data from the imaging array is altered due to the vibration,

and can refine the image based on this information.

Referring now to FIG. 7, a system, indicated generally at 120, includes a GRIN

lens 70 and an SSID 65. The SSID 65 can comprise a silicon or other semiconductor

substrate or amorphous silicon thin film transistors (TFT) 126 having features typically



manufactured therein. Features including the imaging array 122, the conductive pads 42,

metal traces (not shown), circuitry (not shown), etc., can be fabricated therein. With

respect to the conductive pads, the connection between conductive pads and a conductive

line of an umbilical (not shown) can be through soldering, wire bonding, solder bumping,

eutectic bonding, electroplating, and conductive epoxy. However, a direct solder joint

having no wire bonding between the electrical umbilical and the conductive pads is also

contemplated herein. In one embodiment, the conductive line of the umbilical provides

power, ground, clock signal, and output signal with respect to the SSID 65. Other

integrated circuit components can also be present for desired applications, such as light

emitting diodes (LEDs) 124, for providing light to areas around the GRIN lens 70.

It is not required that all of these components be present, as long as there is a

visual data gathering and sending image device present, and some means provided to

connect the data gathering and sending device to a visual data signal processor. Other

components, such as the umbilical, housing, adaptors, utility guides, and the like, can also

be present, though they are not shown in FIG. 7. The SSID 65 can be any solid state

imaging device, such as a CCD, a CID, or a CMOS imaging device. Also shown, the

GRIN lens 70 is coated with an opaque coating 128 on the curved surface to prevent light

from entering the lens at other than the flat surface that is most distal with respect to the

SSID 65.

With reference to FIG. 8, one embodiment of an imaging system 130 is depicted

that includes multiple imaging arrays 122a, 122b, 122c on a common SSID 65. Though

only three imaging arrays are shown in this perspective view, five imaging arrays are

present in this embodiment (i.e., one on each side of five sides of the substrate 126, with

the back side of the substrate providing a surface for umbilical connection). Each

imaging array is respectively optically coupled to a GRIN lens 70a, 70b, 70c, 70d, 70e.

As can be appreciated, this is but one configuration where multiple imaging arrays with

multiple GRIN lenses can be used. Fewer or more imaging arrays can be used in other

similar embodiments, and/or can be part of multiple SSIDs. Umbilical connections are

not shown, though it is understood that an umbilical can be present to operate the SSID

65 and its multiple imaging arrays (either by signal splitting or by the use of separate

power and/or signal sources).



FIG. 9 depicts a system, shown generally at 140, which can provide stereoscopic

imaging. Specifically, multiple imaging arrays 122a, 122b, are shown on a common

SSID 65 in a coplanar arrangement. A pair of GRIN lenses 70a, 70b are shown as they

would be optically coupled to imaging arrays 122a, 122b, respectively. Other than the

imaging array, other features are also present in the SSID 65, including conductive pads

42 for providing an electrical connection to an umbilical (not shown). Additional

principles of operation and details of construction of similar imaging assemblies can be

found in U.S. Patent Application Nos. 10/391,489, 10/391,490, 1/292,902, and

10/391,513 each of which are incorporated herein by reference in their entireties.

With reference to FIGS. 1-6, in an additional embodiment of the present

invention, a method of manipulating movement of a micro-catheter 12 within a patient is

disclosed. The method comprises advancing a portion of a micro-catheter 12 into a

patient, the micro-catheter 12 having at least one aperture 50 in fluid communication with

a lumen 45 of the micro-catheter 12. The aperture 50 is disposed near a distal end 15 of

the micro-catheter 1 and is oriented non parallel to the longitudinal axis of the micro-

catheter 12. The method further comprises bending a distal portion 15 of the micro-

catheter 2 by creating at least one fluid-flow-induced moment force on a distal end 15 of

the micro-catheter 12, wherein the at least one fluid-flow-induced moment force is

created by injecting a pressure-regulated fluid through the micro-catheter 12 and out of

the at least one aperture 50.

In another embodiment of the invention, the micro-catheter 12 further comprises

at least one SSID 65 disposed on a distal end 15 of the micro-catheter 1 and at least one

GRIN lens 70 disposed on a distal end of the SSID 65. The SSID 65 and GRIN lens 70

are used in connection with an image processing and viewing assembly 10 for viewing an

internal portion of the patient while advancing the micro-catheter 12 within the patient.

The micro-catheter 12 further comprises a flexible distal segment 5 and a semi-rigid

proximal segment 17. The micro-catheter 12 has a plurality of lumens 45 and a plurality

of apertures 50 in fluid communication with the plurality of lumens 45. The plurality of

apertures 50 are each oriented non parallel to the longitudinal axis of the micro-catheter

12. The plurality of lumens 45 are configured to selectively convey pressure-regulated



fluids through the apertures 50 based on demand according to control signals from the

user, sensors, or according to software commands.

In one embodiment, the method further comprises creating a second fluid-flow

induced moment force by injecting fluid through a second aperture 50b. The direction of

the second fluid-flow-induced moment force is oriented non parallel to the first fluid-

flow-induced moment force which is created from jetting fluid through a first aperture

50a. In another aspect of the invention, the method comprises creating a second fluid-

flow-induced moment force by injecting fluid through a second aperture 50b, the second

aperture being disposed about parallel to the first aperture 50a and longitudinally spaced

from the first aperture 50a. In yet another aspect, the direction of the second fluid-flow-

induced moment force is about opposite the direction of the first fluid-flow-induced

moment force. In still another aspect of the invention, the first fluid-flow-induced

moment force is greater than the second fluid-flow-induced moment force.

While the forgoing examples are illustrative of the principles of the present

invention in one or more particular applications, it will be apparent to those of ordinary

skill in the art that numerous modifications in form, usage and details of implementation

can be made without the exercise of inventive faculty, and without departing from the

principles and concepts of the invention. Accordingly, it is not intended that the

invention be limited, except as by the claims set forth below.



CLAIMS

What is claimed is:

1. A medical device, comprising:

an elongated tubular member having at least one lumen therein, wherein the

lumen is proximally coupled to a pressurized fluid control system configured to regulate

fluid flow through the elongated tubular member;

an aperture disposed near a distal end of the elongated tubular member in fluid

communication with the at least one lumen, wherein the aperture is oriented at an angle

which is non parallel to a longitudinal axis of the elongated tubular member; and

a nozzle coupled to the aperture, wherein the nozzle is configured to regulate

pressurized flow out of the elongated tubular member to manipulate movement of the

distal end of the elongated tubular member.

2. The medical device of claim 1, further comprising a plurality of apertures having

nozzles disposed near a distal end of the elongated tubular member in fluid

communication with the at least one lumen.

3. The medical device of claim 1, wherein the elongated tubular member further

comprises a plurality of lumens wherein each lumen is in fluid communication with at

least one aperture, wherein the aperture is oriented at an angle which is non parallel to the

longitudinal axis of the elongated tubular member.

4. The medical device of claim 1, wherein the medical device has a maximum

diameter of less than about 760 micrometers.

5. The medical device of claim 1, further comprising a stiffening member removably

inserted into the at least one lumen.

6. The medical device of claim 1, wherein the distal end of the micro-catheter

comprises at least one tapered recess.



7. The medical device of claim 6, wherein the at least one aperture and the nozzle are

disposed within the at least one tapered recess.

8. A medical device, comprising:

a micro-catheter having a closed distal end and at least one lumen therein;

at least one tapered recess disposed near a distal end of the micro-catheter;

an aperture disposed within the at least one tapered recess, the aperture being in

fluid communication with the at least one lumen, wherein the aperture is oriented at an

angle which is non parallel to a longitudinal axis of the elongated tubular member; and

a nozzle coupled to the aperture, wherein the nozzle is configured to regulate

pressurized flow out of the micro-catheter to manipulate movement of the distal end of

the micro-catheter.

9. The medical device of claim 8, wherein the device further comprises at least one

light source emanating from the distal end of the micro-catheter.

10. The medical device of claim 8, wherein the device further comprises at least one

SSID disposed on the distal end of the micro-catheter.

11. The medical device of claim 10, wherein the medical device further comprises a

lens disposed on a distal end of the SSID.

12. The medical device of claim 10, wherein the device further comprises a plurality

of SSIDs disposed about a perimeter of the distal end of the micro-catheter.

13. The medical device of claim 12, wherein the device further comprises a plurality

of light sources emanating from the distal end of the micro-catheter.



14. A method of manipulating movement of a micro-catheter within a patient,

comprising:

advancing a portion of the micro-catheter into the patient, the micro-catheter

having at least one aperture in fluid communication with a lumen of the micro-catheter,

the aperture being disposed near a distal end of the micro-catheter and being oriented non

parallel to a longitudinal axis of the micro-catheter; and

bending a distal portion of the micro-catheter in a controlled manner by creating at

least one fluid-flow-induced moment force on a distal end of the micro-catheter, wherein

the at least one fluid-flow-induced moment force is created and controlled by injecting a

pressure-regulated fluid through the micro-catheter and out of the at least one aperture.

15. The method of claim 14, wherein the micro-catheter further comprises at least one

SSID disposed on the distal end of the micro-catheter and at least one lens disposed on a

distal end of the SSID.

16. The method of claim 15, further comprising viewing an internal portion of the

patient while advancing the micro-catheter within the patient.

17. The method of claim 14, wherein the micro-catheter comprises a flexible distal

segment and a semi-rigid proximal segment.

18. The method of claim 14, wherein the micro-catheter has a plurality of lumens and

a plurality of apertures in fluid communication with the plurality of lumens, the plurality

of apertures each being oriented non parallel to the longitudinal axis of the micro-

catheter.

9. The method of claim 18, wherein the plurality of lumens are configured to

selectively convey pressure-regulated fluids through the apertures.



20. The method of claim 19, further comprising creating a second fluid-flow induced

moment force by injecting fluid through a second aperture, the direction of the second

fluid-flow-induced moment force being oriented non parallel to the first fluid-flow-

induced moment force.

2 1. The method of claim 19, further comprising creating a second fluid-flow-induced

moment force by injecting fluid through a second aperture, the second aperture being

disposed about parallel to the first aperture and longitudinally spaced from the first

aperture.

22. The method of claim 21, wherein the direction of the second fluid-flow-induced

moment force is about opposite the direction of the first fluid-flow-induced moment

force.

23. The method claim of 20 or 22, wherein the first fluid-flow-induced moment force

is greater than the second fluid-flow-induced moment force.

24. The method of claim 19, wherein the direction of fluid flow emanating from the

first aperture is adjustable.
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