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(57) Abréegée/Abstract:

A rotary fluid agitator Is provided. The rotary fluid agitator

storage tank holding a quantity of fluid, suck as a drilling fl
of fluid into to the fluid contained within the tank. A drive m

the nozzle through a 360-degree arcuate path at a p
communication with the interior volume of the tank and pu

essentially comprises a fluid conduit that is positioned vertically within a
Id. At least one nozzle Is attached to the fluid condulit for jetting a stream
eans Is connected to the fluid conduit and rotates the conduit to sweep
redetermined rotational frequency. A fluid pump Is attached In fluid
mps a quantity of drilling fluid through a fluid circulation line and through

the fluid conduit to be jetted out of the nozzle. As the nozzle is swept through the arcuate path a conically shaped fluid flow path Is
created In the fluid contained within the tank causing the jetted fluid to tangentially act upon the fluid thereby keeping all solid

particulates mixed with the fluid in suspension.
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Rotary Fluid Agitator

ABSTRACT OF THE DISCLOSURE

A rotary fluid agitator 1s provided. The rotary fluid agitator essentially comprises a fluid
conduit that is positioned vertically within a storage tank holding a quantity of fluid, suchas a
drilling fluid. At least one nozzle 1s attached to the fluid conduit for jetting a stream of fluid into
to the fluid contained within the tank. A drive means 1s connected to the ﬂuid conduit and
rotates the conduit to sweep the nozzle through a 360-degree arcuate path at a predetermined
rotational frequency. A fluid pump 1s attached in fluid communication with the interior volume
of the tank and pumps a quantity of drilling fluid through a fluid circulation line ahd through the
fluid conduit to be jetted out of the nozzle. As the nozzle is swept through the arcuate path a
conically shaped fluid flow path is created 1n the fluid contained within the tank causing the
jetted fluid to tangentially act upon the fluid thereby keeping all solid particulates mixed with the

flmid 1in suspension.
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Rotary Fluid Agitator

BACKGROUND OF THE INVENTION

Field of the Invention |

[001] The present invention relates generally to an improved means of mixing, stirring and
maintaining solids in suspension in a liquid . More particularly, relating to an apparatus for

maintaining in suspension a complex drilling fluid mixture during storage of the drilling fluid

within a storage tank.

Background of the Invention

[002] In the operations carried out to drill a borehole through a formation a mixture of
chemical, water or oil, and solids such as bentonite, barite and drilled formation particulates,
referred to as “drilling fluid” or “drilling mud” is circulated down through a drill string, and
through a drill bit where the mixture pérforms a number of important functions. Such
functions include cooling the drill bit, lubricating the drill bit, flushing formation cuttings
from the face of thé drill bit and then transporting the formation cuttings up annulus between
the dnll string and the wall of the borehole to the surface of the borehole. At the surface, the
drilling fluid containing the formation cuttings 1is directed through a flow line to a separating
device, such as a vibrating screening device know as a “shale shaker” where most but not all

~ of the formation cuttings are separated from the drilling fluid. The drilling fluid then enters a

settling tank after passing through the “shale shaker” where a portion of the remaining

suspended formation cuttings setﬂe to the bottom.

- {003] From the settling tank the drilling fluid flows into the first of one or more
storage/suction tanks. When it 1s necessary to add chemicals, water or oil, and desirable solid

to the drilling fluid to adjust or maintain the desired properties of the drilling fluid, they are
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added through the storage/suction tanks. Normally the storage/suction tanks are fitted with
-agitators consisting of two large flat fan type blades mounted on a vertical heavy pipe or steel
shaft at fixed predetermined distances from the bottom of the tank, The blades rotate at a
fixed speed and as a results of the action of the blades on the drilling fluid, the fluid first
moves vertically up and then with the effect of gravity down in a circular motion which
causes the solids in close vicinity of the blades to remain in suspension. However, there is a
significant portion of the fluid in the tank that s not affected by the rotation of the blades,
particularly long the perimeter of the tank and solids tend to settle and build up there. The
usual way of correcting or compensating for this lack of effectiveness in keeping the solids in
suspension is to employ manually manipulated guns to inject fluid through a nozzle at a high
velocity into the tanks causing the drilling fluid to roll. This method is effective in putting
the dnlling fluid in motion and putting and keeping the solids in suspension. However, it has
the disadvantage of requiring a worker to be stationed at each tank to operate the gun. As a
result 1t 1s only practical to use this technique intermittently and as a result solids settle to the

bottom of the tanks where they are difficult to reintegrate into the drilling fluid.

[004] There are many deficiencies with the current preferred system. First, 1s that the useful
and valuable solids 1n the drilling fluid settle to the bottom of the tanks along with the
formation cuttings and can not be picked up by the pump suction to be properly processed by
the drilling fluid “centrifuge” or the “desander” where the high cost drilling fluid and
including most of the desirable solids are separated from the undesirable formation cuttings.
This results in some of the high cost drilling fluid being discarded along with the formation
cuttings during or at the end of the well. Second, the build up of solids in the storage/suction
tanks results in a lengthy, difficult manual cleaning of each tank at regular intervals during
the drilling of a borehole. Third, more chemicals and more beneficial solids must be used to
maintain the properties of the drilling fluid in the optimum range than what would be
required if the drilling fluids in the tanks could be mixed and agitated in a manner that would

keep all solids, both the beneficial and undesirable solids in suspension.
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[005] It should be noted that drilling fluids are very expensive sophisticated substances
whose properties such as viscosity, density, shear resistance and stability must be carefully
and accurately maintained and controlled. Unwanted formation cutting solids in the fluid

make it more difficult to manage the properties.
SUMMARY OF THE INVENTION

[006] In accordance with the present invention, a rotating fluid agitator for stirring, mixing
and agitating a drilling fluid contained within a storage tank 1s provided. The invention
provides a means of agitating and mixing the drilling fluids with an unattended jet stream of
fluid whose direction, velocity and speed of rotation can be adjusted to the optimum values
taking into account the viscosity and density of the drilling fluid as well as the interior

volume of the storage tank.

[007] The rotary fluid agitator essentially comprises a fluid conduit that is positioned
vertically within a storage tank holding a quantity of fluid, such as a drilling fluid. At least
one nozzle 1s attached to the fluid conduit for jetting a stream of fluid into to the fluid
contained within the tank. A drive means 1s connected to the fluid conduit and rotates the
conduit to sweep the nozzle through a 360-degree arcuate path at a predetermined rotational
frequency. A fluid pump is attached in fluid communication with the interior volume of the
tank and pumps a quantity of drilling fluid through a fluid circulation line and fhrough the
fluid conduit to be jetted out of the nozzle. As the nozzle is swept through the arcuate path a
conically shaped fluid flow path 1s created in the fluid contained within the tank céusing the

jetted fluid to tangentially act upon the fluid thereby keeping all sohd particulates mixed with

the fluid in suspension.

[008] In additional embodiments, several nozzles can be include to increase the action

performed upon the drilling fluid or in addition to the nozzles, an agitating turbine blade and

can be included.
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[009] There has thus been outlined, rather broadly, the more important features of the
invention in order that the detailed description thereof that follows may be better understood

and 1n order that the present contribution to the art may be better appreciated.

[0010]  Numerous objects, features and advantages of the present invention will be readily

‘apparent to those of ordinary skill in the art upon a reading of the following detailed description
of presently preferred, but nonetheless illustrative, embodiments of the present invention when
taken 1n .conjunction with the accompanying drawings. The invention is capable of other

- embodiments and of being practiced and carried out in various ways. As such, the present
Invention can be used in many other applications where it 1s desired to keep solids in

- suspension within a fluid in addition to drill fluid. Also, it is to be understood that the

phraseology and terminology employed herein are for the purpose of descriptions and should

not be regarded as limiting.

[0011] As such, those skilled in the art will appreciate that the conception,'upon which this
disclosure 1s based, may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several pufposes of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.
[0012] For a better understanding of the invention, its operating advantages and the specific

objects attained by its uses, reference should be had to the accompanying drawings and

descriptive matter in which there is illustrated preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0013] . The invention will be better understood and objects other than those set forth above
will become apparent when consideration is given to the following detailed description

thereof. Such descripﬁon makes reference to the annexed drawings wherein:

[0014] Figure 1 is a schematically view of the a preferred embodiment of the rotary fluid

agitator constructed in accordance with the principles of the present invention;

[0015] Figure 2 1s a cross section view of the rotary fluid agitator of a preferred embodiment

of the present invention;
[0016]  Figure 3 is an enlarged detail view of a nozzle; and
[0017] Figure 4 1s an enlarged detail view of a section of the nozzle control rod.

[0018] The same reference numerals refer to the same parts throughout the various figures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Referring now to the drawings, and particularly to Figures 1-3, a preferred embodiment
of the rotary fluid agitator of the present invention 1s shown a;nd' generally designated by the
reference numeral 10. It 1s important to note, the design of the rotary flmid agitator 10 is that
so not only are solid particulates mixed with a flmd are maintained in suspension, but so that
the number of elemental parts of the rotary fluid agitator which are placed in contact'with the

- fluid is a mimmimum to reduce contamination to the fluid by the elemental parts. Additionally,
the present invention 1s designed to reduce operation wear resulting from abrasion created by

the suspended solids. This design will become apparent upon reading the remaining

disclosure.
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[0020] Reference is first made to Figure 1 which schematically 1llustrates the rotary fluid
agitator 10 and a fluid storage tark 100. The tank 100 is a typical tank used to contain fluids,
such as drilling fluids and which has an interior volume and at least a top surface 110 and a
bottom surface 112. The rotary fluid agitator includes a fluid conduit 12 having a first end 14
and a closed second end 135 that 1s positioned vertically within the tank 100 with the second
end approximate the bottom surface 112 and the first end 14 extending through and above the
top surface 110. At least one nozzle 16 is connected to the fluid conduit 12 at a
predetermined elevation along the height of the conduit and 1s directed to jet a stream of fluid
into the internor volume of the tank to act upon the fluid contained therewithin to create a

turbulent flow within the fluid to remain in suspension solid particulates mixed with the

fluad.

[0021} A pump 18 having a pump head 20 1s connected to the tank 100 in fluid
communication with the mterior volume at a predetermined height H above the bottom
surface 112 and draws fluid from within the tank and pumps the fluid through a flmd
circulation line 22 which 1s connected at one end to the pump head and at a second end to the
first end 14 of the fluid conduit 12 by a sealed rotary coupling 24. The fluid circulation line
22 can be of two sections 26 and 28 which are connected together at flange 30. This

construction will allow easy removal of the fluid conduit 12 from the tank 100 for servicing .

and adjustment.

[0022] A drive means 32 is attached to the first end 14 of the fluid conduit 12 and imparts
axially rotational movement to the fluid conduit so as to rotate the fluid conduit and sweep

the nozzle or nozzles through a 360 degree arcuate path at an adjustable angular frequency.

[0023] Turning now to Figure 2, a more detailed description of the essential elements of the
rotary fluid agitator 10 will be had. More particularly, the fluid conduit 12 is a pipe
consisting of one or more sections 34. If more then one section 34 is used, successive

sections are connected end-to-end by a sleeve 36, thereby affording a degree of adjustability
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to the length of the fluid conduit 10. The sleeve 36 can be a splined sleeve. The first end 14
of the fluid conduit extends through an aperture 38 formed through the top surface 112 of the
tank 100. The second end 15 is closed off by a plug 40, such as abullnose plug having a
projection 42 which 1s received by a collar 43 attached to the bottom surface 114 of the tank,
thereby restricting the fluid conduit 10 to axially rotation. The collar 43 can be releasably
attached to the bottom surface 114 by the use of a magnetic source 45, such as a permanent
magnet. The first end 14 is supported by a bearing assembly 44 that is attached to thé top
surface 112 of the tank 100. The bearing ass.embly 44 includes a collar 46 fitted with a rotary

- thrust bearing 48 which 1s in contact with the exterior surface of the fluid conduit 12.

[0024] A sealed rotary coupling 24, such as a sealed rotary slip joint, is fitted to the first end
14 of the fluid conduit 12, which adjoins the first end of the fluid conduit to an end 44 of the
fluid circulation line 22 so that the fluid conduit remains in a fluidic connection with the end

of the fluid circulation line through the axial rotation of the fluid conduit.

[0025] A nozzle 16 or a plurality of nozzles 16 are connected in fluid communication to the

fluid conduit 10 at predeterminéd fixed intervals along the length thereof. The nozzles 16
project from the fluid conduit 10 into the interior volume of the tank 100 ‘and are directed to
jet fluid therefrom to act upon the fluid contained within the tank. Referring to Figure 3,
preferably, the nozzles 16 are adjustable through an arcuate path parallel to the axially .
direction of the fluid conduit 12. Most preferably, the arcuate path is of about 60 degrees: 30
degrees thereof being above a normal line NL taken axially through the nozzle 16 when the
nozzle is oriented normal to the fluid conduit 12 and 30 degrees being below the normal line.

An arcuate path of 60 degrees ensures each nozzle can not be adjusted out of an effective

jetting orientation.

- [0026] A drive means 32 for imparting axially rotational movement to the fluid conduit 12 is
attached thereto at the first end 14. The drive means rotates the fluid conduit at a

predetermined angular frequency thereby sweeping each nozzle 16 through a 360 degree ‘
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arcuate path. Preferably, the angular frequency 1s from about 30 revolutions per a minute
(RMP) to about 100 RPM Essentially, each nozzle 16 is adjusted at a predetermined angle
off the normal line NL so that a jet of fluid 1s swept through the fluid contained within the
tank 100 creating a turbulent conical shaped fluid flow path in space within the fluid
contained in the tank 100. The conical shaped fluid flow path impinges upon the fluid
mixture at an angular direction with respect to the bottom and top surface of the tank 100
thereby ensuring all particulate solids in suspension with the fluid refnai.n in suspension. In
‘addition, the edge of the conical shaped fluid flow path develops eddy currents eliminating
the settling of solids on the bottom surface 114 of the tank 100. The nozzles 16 can be
adjusted so that each conical shaped fluid flow partially Qverlaps or so that they are opposed.

The adjustment would be predicated upon the mixture of fluid and the overall volume and

shape of the tank 100.

[0027] One possible example of the drive means 32 can include a motor 50 attached to the
tank 100, a first sprocket 52 attached to the drive shaft of the motor, a second sprocket 54
attached to the first end 14 of the fluid conduit 12 and an endless chain 56 connected to the
first and second sprockets. Preferably, the motor is a low voltage direct current motor to
reduce the risk of electrical shock. The speed of the motor can be controlled by an electrical
controller or by a potentiometer. A gear drive or a belt drive system could also be

implemented as the drive means 32,

0028} In an additional embodiment, the fluid conduit 12 can be fitted with a plurality of
turbine blades 58 to develop an upward swell within the fluid contained in the tank 100
which 1s created tangential to the conically shaped fluid flow paths created by the jettéd fluid
from the nozzles 16, thereby increasing the action upon the fluid to help remain in suspension

sblid particulates mixed with the fluid.

[0029] Referring to Figures 2 and 4, an adjustment rod 60 for adjusting the angle of each
nozzle 16 may be include. One end of the rod 60 1s attached at the nozzle 16 with the
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opposite end extending upwardly therefrom. Preferably, the rod 60 includes a series notches
62 which are positively engaged with a rod support member 64 by a spring element 66, such
as a compression spring. To édjust the angular displacement of the nozzle 16, an operator
simply operates the rod 60 to over come the force of the spring element 66 and either raises

or lowers the rod to adjust the angle of the nozzle.

[0030] A number of embodiments of the present invention have been described.
Nevertheless, 1t will be understood that various modifications may be made without departing
from the spirit and scope of the invention. Accordingly, other embodiments are within the

scope of the following claims.
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CLAIMS

1. A rotary fluid agitator for keeping in suspension a mixture of fluid and solid
particles contained within a fluid storage tank having an interior volume, a top wall
and a bottom wall compnsing in combination:

a fluid conduit having a first end and a closed second end, said fluid conduit
being positioned vertically within said tank with said second end being positioned
proximate and restrained to rotate relative to said hottom wall and with said first end
axtending upwardly through said top wall;

a bearing assembly attached to said top wall and adapted to rotatably receive
said first end of said fiuid conduit;

a collar attached to said bottom wall adapted to receive said second end of
said fluid conduit;

a first nozzle attached to and in fluid communication with said fluid conduit
and projacting therefrom into said volume of said tank, said first nozzle oriented to
jet a fluid into said interior volume so as to create a conical fluid flow path when said
first nozzle is rotated;

a rotary couplihg attached to said first end of said fluid conduit:

a fluid pump in fluid communication with said volﬁme of said tank;

a fluid circulation line connected at one end to said fluid pump and connected
at a second end to said first end of sald fluid conduit by said rotary coupling; émd

drive means attached to said first end of said fluid conduit, said drive means

imparting axially rotational movement to said fluid conduit so as to rotate said fluid

conduit and sweep said first nozzle through a 360 degree arcuate path at a

predetermined rotational frequency,

10
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2. The rotary fluid agitator of claim 1, further comprising:
a magnet attached to said collar for releasably securing said collar to said

bottom wall.
3. the rotary fluid agitator of claim 1, further compnsing:

a second nozzle attached to sald fluid conduit in fluid communication
therewith and projecting therefrom into said volume of said tank, said second nozzle
orientated to jet a fluid into said interior volume so as to create a conically shaped
fluid flow path as said second nozzie is rotated.

4. The rotary fluid agitator of claim 3, wherein said first and said second fluid
nozzles are each connected to said fiuid conduit by a pivotal connection.
5. The rotary fluid agitator of claim 1, wherein said drive means includes:

a motor;

aﬁﬁrst sprocket attached to -the drive shaft of said motor;

a second sprocket attached to said first end of said fluid conduit; and

a chain coupled between said first and sald sgcond sprocket.

5. The rotary fluid agitator of claim 5, wherein said drive means is positioned
exteriorly to said tank.

/. The rotary fluid agitator of claim 1, wherein said fiuid conduit is adjustable in

length.

8. The rotary fluid agitator of claim 1, further comprising:
a turbine blade connected to said fluid conduit and extending radially

therefrom.
9. A rotary fluid agitator for keeping in suspension a drilling rmud mixture

cormprising in combination:

11
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a tank having an intenor volume, a top wall and a bottom wall, said tank
holding & quantity of drilling fluid in suspension;

a fiuid conduit having a first end and a closed second end, said fluid conduit
being positioned vertically within said tank and restrained to axially. retation, and
wherein said second end is proximate said bottom wall and said first end extends
upwardly through said top wall;

a bearing assembly, said bearing assembly attached to said top surface and
adapted to rotatably receive said first end of said fluid conduit;

a collar, said collar attached to said bottom surface and adapted to receive
said second end of said fluid condui;

a first noézle attached to said fluid conduit in fluid communication therewith
and projecting therefrom into said volume of said tank, said first nozzle oriented to
jet a fluid into said interior volume so as to create a conically shaped fluid flow path
when said first nozzle is rotated:;

a second nozzle attached to said fluid conduit in fluid communication
therewith and projecting therefrom into said volume of said tank, said second nozzle

oriented to jet a fluid into sald interior volume so as to create a conical fluid flow path

as said second nozzle is rotated;

said first and said second nozzies each being pivotal through an arcuate path
paraliel to said fluid conduit;

a rotary coup!in\g attached to said first end of said fluid conduit;

a fluid pump attached in fluid communication with said volume of said tank;

a fluid circulation line connected at one end to said fluid pump and connected

at a second end to said first end of said fluid conduit by said rotary coupling; and

12
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drive means attached to said first end of said fludd conduit, said drive means
imparting axially rotational movement to sald fluid conduit so as to rotate said fluid
conduit and sweep said first nozzle and said second nozzie through a 360 degree
arcuate path at a predetermined rotational frequency.
10.  The rotary fluid agitator of claim 9, wherein said first nozzle and said se;:zond
nozzle project from said fluid conduit at differsnt elevations.
11.  The rotary fluid agitator of claim 8, wherein said drive means includes:

a motor; .

a first sprocket attached to the drive shaft of said motor;

a second sprocket attached to said first end of said fluid conduit; and

a chain coupled between said first and said second sprockets.
12.  The rotary fluid agitator of claim 9, wherein said predetermined rotational
frequéncy is from about 30 to about 100 revolutions per minute.
13. The rotary fluid agitator of claim 9, wherein said fluid conduit is adjustable in
length. |
14.  The fluid agitator of any one of claims 3, 4 and 9 to 13, including an
adjustment rod attached fo at least one of said first and second spréy nozzles, sald
adjustment rdd extending upwardly for grasping by an operator to adjust the angle of
the spray nozzie relative to a line perpendicular to the fluid conduit.
15.  The fluid agitator of claim 14, wherein said adjustment rod includes a series

of notches positively engaged with a rod support member by a spring.

13

|O?/05/8008 ]@10:01 If@smaaassai I@received |




10

238

.~

22

-100

CA 02476129 2004-07-30

>

d

" |
et

[
K.
—

|

|

| 3
| O
| S
|

I

|
S
&2
&
s
L .
N
|
toand]
D
N N
SR R B —~
l o k ””””” EL \L ﬂﬂﬂﬂﬂﬂﬂﬂﬂ .L, —
1 N | B
| \\

N
&

FIG. 4

SNANNSANNY




CA 02476129 2004-07-30

26

”,

/"’I”””” AP

S0 ‘
44

10

A

A S &

AN S N\ Y

14
AW
34 |
_,_ 4
— 7R YRz ~
48 J

.
- 0 [ .
> LE; 55 58
. 1 N 136
¥ \
12 \ \
N~ B\ i\
" Uk
— 9
A\ 16
60 - : 7~ g,«..f'-'"{::.j“
-,{.'"
L2
FIG. 2 4
f
$
/ —34
16 | ’
NGl f
-.
o 5 15
) ] 43 112
NN
AN .

Al P 7777777777 2222777277777 VY.

45 43



10

28

110

22

-100

[12




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

