VIBRATION ASSISTED MIXER

FYELD OF THE INVEMTION

0601]  Pmbodiments descyibed relate to mixers employed in the mixing of powders
and liguids. In particular, embodiments of cement moxers are described for use in
oilfield appiications for cementing within a well.

BACKGROUND OF THE RELATED ART

00823 Cembéning‘ powders and ligquids to form a slury mixture of the two is
common practios i a variety of industries. From baking 1o the manufacture of molde
pars, 2 whole host of industrial applications employ the use of a slurry mixture that is
combined at one location and fransported to ancther for further uvse. By way of
example, cernent giurry mixtures of Bguid and powdered cement may be formed by
combining the powder and the Hauid within an industrial mixer. The ndustzial mixer
may be in the form of a mobile cement truck which may be emploved to deliver the
cement shumy 0 a worksite for unloading and final wse. Thus, in this manner, the slurry
mixture is combined at one location and transported to another for fnal use and
solidification.

{8637 Unlike the mobile coment trock example above, it may be preferable to have
a more ready supply of cement shury available at the worksite, For example, in the
oilfield industry, cementing within a well may require a ready supply of large volumes
of shurrv. Furthermore, delivery of the shurry fo the well may be required in a near
cominuous fashion. Thus, it may be more practical to form the cement shury divectly
at the oiifield such that it may be immediately provided to the well and in a continuous

nazmer 1o the extent required. This may be achieved through use of a cement mixer



and other equipment that continuonsly mix and feed a supply of cement shurry to the

wall as desoribed further below,

{16641  The above-noted cement mixer may be incorporated into a larger cementing
asserbly at the oilfield to achieve well cementing, such as, bat pot Hmited o, well
construction, well remediation, well commpletion or the ke, as will be appreciated by

o

those skilled in the art. During well cementing, the availability of a congtant supply of

cemert shury from the cement mixer may play a crucial role in the operation.

Furthermore, the overall amount of shary and time required for the operation mcresses

ag the depth of the well increases. Thus, the amount of uplime required of the mixer

zy be substantially increased with the ever-inereasing depth of hydrocarbon wells.

{8085]  For the above-described operation, a variety of cement mixer configurations

1

may be emploved. For example, & batch mixing system with a central mix tank for
recetving the cement powder and the liquid from separate locations may be emploved.
In this case, the mux w@ak serves as a mux location or ‘housing® where the slumry is
imitially formed by the combination of the cement powder and Hquid. Alternaively, the
cement powder and liquid may be combined in a continuous manuer. For example, a
venturt or other mixer type may be emploved where separate lines of Houid and cemern
powdsr are combined and simultencously advanced down a common pathway toward
the well or miervernng circulation equipmern. Regardless, 2 mix location is siil found
whezs the cement powder meets up with the tiqud.
TP

120061 Usrfortunately, Irrespective of the particudar mixer configuration, the cement

powder and liquid may often combine viiside of the intended mix location. When this

oceurs, a cake build-up {solids-dense non-flowing paste often referred to as “cake” or

“cement cake”) of the slurry mixture may ensue in such a manner as to adversely affect
the rate of stunry available from the mixer

For example, it is not nnconumon for the

fiquid to splatter bevond the intended ruix location and contact the lme or houvsing



which supplies the cement powder. When this occurs, cement powder that is directed
toward the intended mix location may first encounter the splattered liquid and begin
cake formation. Over time, this caking may lead to occlusion of the cement powder
‘supply which may significantly hamper the efficiency of cementing and ultimately the
entire well completion operation.

[0007] In the case of a cementing application at an oilfield, the above described cake
build-up outside of the intended mix location may be dealt with in a variety of manners.
For example, a decreasing rate of slurry available to the application may simply be
tolerated until the occlusion reaches a level that no further slurry may be obtained from
the mixer. At this time, or perhaps at some point prior, the cementing operation may be
halted with the mixer and perhaps other surface equipment turned off. The mixer may
then be replaced with another clean mixer pre-positioned at the oilfield or cleaned out
and eventually placed back on line and the operation restarted. Regardless, in such
circumstances, the efficiency of the entire well completion operation has been
substantially affected by the reduced rate of available cement slurry and potential mixer
downtime in order to address the issue.

SUMMARY

[0067a] According to a first aspect of the present invention, there is provided a
mixer for mixing a powder with a liquid, the mixer comprising: a mix housing to
accommodate a mixture of the powder and the liguid; a liquid delivery housing coupled
to the mix housing to provide the liquid thereto; and a powder delivery housing coupled
to the mix housing and intersecting the liquid delivery housing, wherein the powder
delivery housing is substantially perpendicular to the liquid delivery housing and

configured for gravity feeding the powder to the mix housing, and wherein the mixer is
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configured to induce a vibration therein for substantially avoiding an occluding cake
build-up of the mixture thereat.

[0007b] According to a second aspect of the present invention, there is provided
a mixer for mixing a powder with a liquid, the mixer comprising: a mix location to
accommodate a mixture of the powder and the liquid; a liquid delivery inlet coupled to
the mix location to provide the liquid thereto; a powder delivery inlet coupled to the
mix location and intersecting the liquid delivery inlet, wherein the powder delivery
inlet is substantially perpendicular to the liquid delivery inlet and configured for gravity
feeding the powder to the mix location; and a vibration mechanism coupled to one of
the mix location, the liquid delivery inlet, and the powder delivery inlet.

[6007¢] According to a third aspect of the present invention, there is provided a
vibration mechanism coupled to a mixer for mixing a powder with a liquid in a mix
housing, the mix housing coupled to a liquid delivery housing and a powder delivery
housing substantially perpendicular to the liquid delivery housing of the mix housing of
the mixer and configured for gravity feeding the powder thereto, the vibration
mechanism configured for substantially eliminating an occluding cake build-up of the

mixture outside of the mix housing.

[6008] An embodiment of a mixer for mixing a powder with a liquid comprises a
mix housing to accommodate a mixture of the powder and the liquid, a liquid delivery
housing coupled to the mix housing to provide the liquid thereto, and a powder delivery
housing coupled to the mix housing to provide the powder thereto, wherein the mixer is
configured to induce a vibration therein for substantially avoiding an occluding cake
build-up of the mixture thereat. Alternatively, the powder is cement. Alternatively,
the liquid is water. Alternatively, the liquid traverses the liquid delivery housing in jet

form. Alternatively, the mixer is of a venturi configuration. Alternatively, the mixer



further comprises a vibration mechanism coupled o the mixer for substantially avoid
an oceluding cake buikd-up of the mixture thereat. The vibration mechanism may be
one of an impact vibrator, a piston vibrator, & rotating vibrator, a reed-type vibraior, and

an ultrasonic vibrator,

{6091 In an alternative zmbodiment, & mixer for mixing a powder with a liguid
comprises a mix location 10 accommodate a mixfure of the powder and the liguid, a
liquid delivery intet coupled to the mix location to provide the liquid thereto, a powder
detivery mief coupled to the mix location to provide the powder theretn, and-a vibration
mechanism covpled to one of the mix location, the quid delivery nlet, and the powder
delivery inlel.  Alternatively, the vibration mechanism is configured to impert
vibrasions for avoiding a substantially occluding ceke build-up of the mixture in the
mizer, The avoiding may be achieved by liquefving of the cake build-up. The
Bguefying may significantly increases 2 size of an opening of the powder delivery inlst
to fhe mix injet. Ahematively, ar least one wall of one of the mix inlet, the lguid
delivery inlet and the powder delivery inlet is constructed from’ one of metal, plastic,
and a composite material.  Altemnatively, the vibration mechanism 18 configurs

mmpart vibrations o promote mixing of the powder and Lyuid.

501861 In an alternatve embodiment, a vibration mechanism is coupled to & mixer

for mixing a powder with a Lguid in a mix housing of the mixer, the vibration

rechanisyn configured for substaniially eliminating an occluding cake bulid-up of the
sixtore owiside of the mix housing. The vibration mechanism may be one of an impact

vibrator, a piston vibrator, a rotating vibrator, a reed-type vibrator, and an ulfrasonic

vibrator, Aliernatively, the eliminating ocours by liquefying of the cake build-up.
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[8611]  In ao alternative embodiment, a method of forming a cement shary at a
miXer comprises providing water to & mix inlet of the mixer, 2dding cement powder to
the mix infet from a powder delivery inlet to form the cement slurry, and mparting a
vibration to the mixer during the adding to substantially eliminate an occluding cake
build-up of the shury thereat. Alternatively, imparting comprises activating a vibration
mechanism coupied 10 the mixer. Altemaively, activating operates during the
providing and the adding in one of a cantinuous manner and intermittently for a pre-
determined period. Altematively, the mix inlet is coupled to an exit inlet leading 10 a
well at an oilfield, the method further comprising cementing in the well with the

cement stunry.

BRIEY DESCRIFIION OF THE DRAWINGS

16017 Fig. 1 1s an overview of equipmosnt et an oilfield employing an embodiment

LIS,

of a vibration assisted mixer,

[6013] Fig. 2 15 an enlarged view of the vibration assisied mixer taken from -2 of

Fg, 1.
[6G143 Tlg. 3A 18 a cross-sectional view of the vibration assisted mixer of Fig. 2

taken from 3-3 end revealing cake build~up theren.

(6615 Fig. 3B is a cross-sectional view of the vibration assisted miver of Fig. 34

bl

revealing cake removal therefrom,

DETAILED DESCRIPTION

[6816]  Embodiments are described with reference to certain well compietion

operations at an oilfeld. In particular, embodiments of cement mixers and equipment

for cementing, such as, but not linmted fo, well construction, well remediation, well
completion ot the like, within a bydrocarbon well are described. However, & variety of

mixers configured 10 combine a liquid and & powder af a mix location thersof may be

well suited for use with embodiments of a vibraton mechanism as described herein.



For example, mixers emploved outside of an oilfield environment or for applications
other than coment stury formation may take adventage of embodiments of vibration
mechanisms as detalled hersin.  Nevertheless, comertt mixers for use in oilfield
operations may be particularly suited for use with such ﬁbration mechanisms as
detaiied below.

[8617]  Referring now to Fig. 1, an embodiment of a mixer location or assembly
110 is depioted at an oilfield 101 along with other surface equipment for cemening of a

well 180, The mixer assembly 110 includes a cement mixer 114, where separate lines

=

of cement powder and liguid infersect at a mix housing or mix location 113 to form a
campent shary 170, The shuyy 170 may be delivered downbole to the well 180,
Additionally, the cement mixer 114 may include 2 vibration mechanism 100 coupled or
otherwise operatively connected o the cement powder delivery iniet or housing 111 so
as to subsiantially avoid the build-up of cement cake within fhe housing 111, As
detailed further below, this may help to avoid the oeshusion of the cement delbvery
housing or powder inlet 111, thereby enhancing the sfficiency of the cernenting portion
of a well cernenting operation.

100181  Continuing with reference to Fig. 1, the mixer assembly 110 is depicted with
a cement powder supply 117 posttionsd adjacent a water jet supply 1185, .‘Tb.«'; cement
powder supply 117 may be pressurized and/or configured for gravity feeding cement

powder 1o the delivery housing 111, Thus, the cement powder may drop to the mix

=t
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location 113, Accordingly, the water jet supply 1

may be configared to dispense &

«

oo

water jet 350

(best seen in Figs. 3A and 3B) dwough a guid delivery inlet or housh

112. As such, the water iet 350 may be directed 10 the mix location 113 where it may

combine with the delivered cement powder (see Figs. 34 and 3B). Thus, an at least

partially mixed shury 170 of the powder and water may be driven through an exit pips

200 roward a mantfold 140 for later delivery to the well 180 as detajled further below.



While the mixed shury 170 is described as a mixture of water and cement powder,
other constitnents may be provided. For example, additives may be provided with the
dry cement powder or the water. Additionally, other Lguids may be employad in place
of, or in conjunction with the water,

{48151 The mixer assembly 110 mayv further commprise at least one positive
displacernent pump 135 that directs cement shuoy 170 from a slurry holding tank or
mix wh 140, through a well ead 150 and into the well 180 that penefrates a formation
layer 160, The mix aib 140 may inclode 2 recirculating pump 125 o fluid
communication with the mix tub 140 and the muxiog location 113, Adeqguate pressure,

of up to 15,000 PST or move, for driving the cement sharry 170 may be provided by the

B0Z6]  Ag neted, the overall efficiency of the above described well cementing

aper ’clti(ﬂl may be dependent in large part on the gvailability of 2 near constant supply of
cemnent shurry 170 frors the mixer assembly 110, Thus, as indicated abovz, the cement
mixer 114 of the agsembly 110 1s eguipped with a vibration mechamsm 160 so as to

substantially reduce the butld-up of coment cake within the cement delivery housing or

infet 111, As such, occlusion of the housing 111 may be avoided so as to help o

the uptime of the mixer 114 during well cementing operation.

HEAAS Referring now to Fig. 2, with added reference 1o Fips. 1, 3A, and 33, an

1y

enlarged view of the coment mixer or liquid and powder interface 114 s shown. The

mixer 114 15 of a ventuwr! configuration with the lquid delivery inlet or housing 112

>

carrying a water jet 350 below the cement delivery housing or inlet 111, As aliuded «

above, cement powder way thus be drawn frown the bousing 111 toward the mix
location 113, The force of the water jet 350 may then drive the newly forming cement
o

sharry 170 ow an exit howsing or outlet 200 roward the shury holding or mix tub 140 of

Fig. 1 for subsequent downsweam use. In the embociment shown, the water jet 350 {s



of a horizontal vartety. However, in other embodiments, the water jet 350 may be of a
vertical of inclined configuration. Additionally, as demiled further below, the mbxer

114 itself may be of & notn~-venturi configuration aliogether.

[0622]  Fig 2 also reveals the sbove noted vibration mechapism 100, With added
reference to Figs. 3A and 3B, fhe vibration mechanism 100 is coupled directly 1o the
cement delivery housing 111 in the embodiment shown. In this maunner, the vilwation
mechavism 100 may be employed to impart vibration through the housing 111 o help
prevent Or rermove cake build-up 300 thereat. That is, uniike other portions of the
mixer 114 cutside of the mix locanon 113, the cement delivery bousing 11} may be
particularly prone 1o the effects of cake build-up 300, That is, a water jet 350 may be
driven through the Hguid defivery housing 112, the mix location 113, and the exit
housing 200 as described above. As such, cake build-up 300 in these locations 112,
113, 200, may be substantially avoided or climinated by the water jet 550. The cement
delivery housing 111 on the other hand, lacks the inherent clean out benefit of a water
jet 330 intentionally driven therethrough. Therefore, as detmiled further below,
positioning of the vibration mechanisme 100 directly at the bousing 111 may be
narticuiarly advantageous.
18623} Continuing now with reference to Figs. 3A and 3B, wop cross-sectional

views of the vibration assisted cement mixer 114 taken from 3-3 of Fig. 2 are depicted.
Specifically, Fig. 3A reveals the moxer 114 with an accwmulation of cake build-up 300
within the cement delivery housing 111. However, as depicied in Fig. 3B, vibrations

from the vibration mechanism 100 may be employed to substantially Hguefy the build-
up 300. As such, the size of the opening 375 {hrough which cement powder may be

dropped into the mix location 113 may be incereasad.

16024} “ontinuing with reference o Fig. 34, the build-up 300 may be 2 result of

waisr splattering 1o the internal surface of the hovsing or inlet 111 from the water jet



350 below. Moisture on the internal surface of the housing or inlet 111 may thus, mix
with cement powdsr outside of the inif:ﬁded mix location 113, As a result, the cake
build-up 200 may ensve within the cement delivery bousing 111, Tn the embodiment
shown, the build-up 300 is 1o a degree substantally occlnding the housing 111, leaving
the opeping 375 through which the cement powder may be dropped or otherwise
imtroduced into the mix location 113 of minimal size.

[8025]  As indicated above, the vibration mechangsmn 100 may be employed o
substantially remove the depicted cake build-up 300 as depicted in Fig. 3B, For
example, in one non-limiting emboediment, the inner diameter of the cement delivery
housing 1171 may be between about 3 and abouwt 5 inches, Thus, compiets oeclusion of
such & housing 111 with an average of about an inch of cake build-up 300 there-across
would represent a volume of berween abant 9.4 and about 15.7 cubic inches of build-up
300, Of course, without preventative or evasive action, the volume of cake build-up
300 may rise even further, backing up the cement delivery housing or inlet 111 with
the build-un 300,

fi}iﬁi",é} In order to ensure & congtant supply of slurrvy 170 for an operstion as
depicted in Fig. 1, the vibration mechanism 100 mey be employed to lquefy the build-
up 300 in advance of reaching such degrees of complete occlusion. Thus, as shown in
Fig, 3A, in the face of a shricking opening 375, the wvibration mechanism 100 is
empioyed 10 substantially Hauefy the build-up 300 to significantly increase the size of
the opening 375. For example, in one embodimert, the vibration mechanism 100 may

be g convenilonal impact vibralor mowunted to 2 housing 111 having a thickness of

¥oq

between abowt 0.06235 and about 2.0 inches. The housing 111 may be of & metal,
plastc, composite, cr other conventional material. As such, the vibration mechanism

100 may be configured to 1mpart detween about S and about 3,000 Ibf & frequencies of
o ry = E
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between about 1 Hz and about 20 kHz in order to substanially hiquefy the cake build-
up 300 as depicted in Fig, 3B.

185271 Continuing with reference to Figs. 34 and 3B, in addition to an impact
vibrator, the vibration mechanism 100 may be a piston vibrator, a rotating vibrator, a

reed-type vibrator, an ultrasonic mezoelectrc vibrator, or other vibrator type, as will be

appreciated by those skilled in the art. Additionally, as described above, the vibration

mechanism 100 may be employed to substantislly climinaie cake build-up 300 within
the cement delivery imlet 111, However, in other embodiments, the vibration

mechanism 100 may be employed to substantially avoid cake huild-up 300. That is, a3
oppused to activation of the vibration mechanism 100 in the face off cake build-up 300,
the vibration mechanista 100 may remain active continuously throughout the use of the
mixer 114 30 a8 10 avoid cake budld-np 300, Adematively, the vibration mechanisra
100 may be activated nerrmitterdly for predetermined periods during use of the mixer

114 in order 1o avoid cake build-up 300.

160287 In addiion to the embodiments of Figs. 3A and 3B, the

ig vibration

mechanist 100 may be mounted at swuctural locations of the mixer 114 apart from the
cemnent delivery housing 111 For example, as a matter of design choice, the vibration
mechanism 100 may be mounted o the housing of the mix location 113 or otfher
structural portion of the mixer 114 which is adequately coupled or otherwise
operatively conpected 10 the cement delivery housing 111 so as to impart vibtations
from the mechamsm 100 thereto, as will be appreciated by those skilled in the art.

Additionally, in alternative mixer configurations other

regions of the mixer 114 more
prone 0 cake build-up 300 may be present whereat the vibration mechanism 100 may
be moumed, Alwematively, the vibration mechanism 100 may be removebly mounted

w any of the componemis of the tixer 114,
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(8079 As indicated above, alternative mixer configurations may be employed in

oo u“;tmn with a vibvation mechanism 100 wherein a Hiquid and a powdered material
are Introduced af & common location to prevent cake buildup of the powdered material
including, bt not ‘iimjﬁed 10, systems wherein the powdered material is infreduced into
& mixing location via directional ports, whereir the powdered material is fntroduced
into an axial Hould stream, wherein the powdered material is dravwn ivto & mixing bowl
via a recireulared slury ventord, wherein the powdered material s

introduced into an axial stream of liquid, wherein perpendicular g

reans of powcered
material and Houid are inoduesd Wio a mixing jocation, wherein powdered material is

mechanicalty introduced to a mixing location, and wherein a lguid and powder are

introduced at distinct Jocafions In a mixing fub in 2 batch mixing process, as will be
appreciated by those skilled in the art.
[0638]  Bmbodimenis described hereinabove include a mixer that may be eroployed
o provide 2 cement sturry o 2 well cerusnfing operation at an olifield on a substanuially
continuous basis. This may be achieved by the subsiantial elimination or avoidace of
cement cake bulld-up within the mixer during the operation. Furthermors, thess
embodiments provide shury in a manner that avoids any significant decrease in the rate
of shurry available fo the operation. Thus, the efficiency of the overall well cementing
operation may not be subject to or hampered by the rate of availeble cement shary

therefor.

[5631]  The preceding description has been presenied with reference to presently

b 3 - - o 3 f fo T
preferred embodiments,  Persons skilled in the art and technology to which these

embodiments pertain will appreciate thar alterations and changes in the described
structures and methods of operation may be practiced without meaningfully depariing
from the principle, and scope of these embodiments. For

example, the vibration

mechanism has been described and depicted as 2 discrefe mechanism mourded o the
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mixer. However, in alternate embodiments, the vibration mechanism may be integraliy
incorporated into the housing or body of the miner fiself, Additionally, the vibration
mechanisym may be one which induces the Liquid supply to generate vibration in the
izlixcar, for example, by way of throttling the Lquid flow across a valve or ortfice or in
the form of a reed positioned in the flow path. Furthermore, the foregoing d&scﬁpﬁon
should not be read as pertaining only 10 the precise structures deseribed and shown in
the accompanying drawings, but rather should be read as consistent with and as support

for the following claims, which are to have their fullest and fairest scope.
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CLAIMS

We Claim:

1. A mixer for mixing a powder with a liqmd, the mixer comprising:

a mix housing to accommodate a mixture of the powder and the liquid;

a liquid delivery housing coupled to the mix housing to provide the liquid to the mix
housing via a jet; and

a powder delivery housing coupled to the mix housing and intersecting the liquid
delivery housing, wherein the powder delivery housing is substantially perpendicular to the
liquid delivery housing and configured for dropping the powder directly from the powder
delivery housing into the liquid of the jet in the mix housing, the mix housing comprising only
the jet and a powder delivery inlet to enable the mixture of the powder and the liquid; and

a vibration mechanism coupled directly to the powder delivery housing.
2. The mixer of claim 1 wherein the powder is cement.

3. The mixer of claim 1 wherein the liquid is water.
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4. The mixer of claim 1 wherein the liquid delivery housing is located below the powder
delivery housing.
5. The mixer of claim 1 wherein the vibration mechanism is one of an impact vibrator, a

piston vibrator, a rotating vibrator, a reed-type vibrator, and an ultrasonic vibrator.

6. A mixer for mixing a powder with a liquid, the mixer comprising:

a mix location to accommodate a mixture of the powder and the liquid;

a liquid delivery inlet coupled to the mix location to provide the liquid to the mix
location via a jet;

a powder delivery inlet coupled to the mix location and intersecting the liquid delivery
inlet, wherein the powder delivery inlet is substantially perpendicular to the liquid delivery
inlet and configured for dropping the powder directly from a powder delivery housing into the
liquid of the jet in the mix location, wherein the only inlets to the mix location are the liquid
delivery inlet and powder delivery inlet; and

a vibration mechanism coupled directly to the powder delivery inlet.

7. The mixer of claim 6 wherein the vibration mechanism is configured to impart

vibrations for avoiding a substantially occluding cake build-up of the mixture in the mixer.

8. The mixer of claim 7 wherein the vibrations imparted by the vibration mechanism
avoid a substantially occluding cake build-up of the mixture in the mixer by liquefying of the

cake build-up.



14a

9. The mixer of claim 8 wherein the liquefying of the cake build-up from the vibrations
mmparted by the vibration mechanism significantly increases a size of an opening of the powder

delivery inlet to the mix location.

10.  The mixer of claim 9 wherein at least one wall of one of the mix location, the liquid
delivery inlet and the powder delivery inlet is constructed from one of metal, plastic, and a

composite material.
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11, The mixer of claim 6 wherein the vibration mechanism is configured to impart

vibrations to promote mixing of the powder and liquid.

12. A vibration mechanism coupled to a powder delivery housing, the powder delivery
housing coupled to a mix housing for mixing a powder with a liquid, the mix housing coupled
to a liquid delivery housing substantially perpendicular to the powder delivery housing for
delivery of the liquid to the mix housing via a jet, the powder delivery housing configured for
dropping the powder directly from the powder delivery housing into the liquid of the jet in the
mix housing, the vibration mechanism configured to impart vibrations for substantially
eliminating an occluding cake build-up of the mixture outside of the mix housing, wherein
gravity and the liquid jet provide the only force for mixing the powder with the liquid inside of

the mix housing.

13.  The vibration mechanism of claim 12 being one of an impact vibrator, a piston vibrator,

a rotating vibrator, a reed-type vibrator, and an ultrasonic vibrator.

14, The vibration mechanism of claim 12 wherein the vibrations imparted by the vibration
mechanism substantially eliminate an occluding cake build-up of the mixture outside of the

mix housing by liquefying of the cake build-up.



