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@ Mixer for pulverous and liquid materials, or liquid-liquid materials.

@ The invention consists of a centrifugal mixer
(3:4) in which the powder feed (21) relies on recir-
culation (25) of the mixture through a circuit contain-
ing a jet pump.

This produces a very high quality mix whose
density can be readily controlled, even when fine
powders such as cement are used. The invention
has applications for oil field services.

33 3 26 5 431031 3 1

/)l
@FML—_ ] -

)

:J[// L. LLLLRY 3\ R AV IS

ﬁ‘“‘:‘i\ﬁmmﬁ_

29 35 13 9 812 73013

L

Z

34

\\\\\\ N\
N

/%\
4
F )

FIGURE.1

Xerox Copy Centre



1 0 241 056 2

MIXER FOR PULVEROUS AND LIQUID MATERIALS, OR LIQUID-LIQUID MATERIALS

The invention consists of a device for mixing a
pulverous material with a liquid, essentially pow-
dered cement and water. The applicafion most
particularly envisaged is the cementing of oil wells,
gas wells, geothermal or other wells.

Such devices have existed for a long time,
such as covered by patent US-A-1486883 dating
from 1922. The search for improved mix quality
and refined production techniques has led to nu-
merous publications, the most noteworthy certainly
being patent US-A-4453829.

The present document discusses a mixer with
two rotors coupled within a single casing: an upper
rotor receives granular material at its center by
simple gravity feed through a central opening in
the casing upper part, and projects this material
towards the motor rim, while liquid arrives through
a central opening in the underside of the lower
rofor, to be projected by centrifugal action towards
the rotor periphery. Mixing of the granular material
and the liquid occurs in the peripheral area be-
tween the two rotors, the mixiure being drawn off
through the casing by a suitable discharge system.
The mixer thus described operates to full satisfac-
tion when the granular material is sand and the
liquid is a gel.

However, operation of the mixer is found io be
less satisfactory with very fine pulverulents such as
cement, and water.

In the first case, fine powders enirap a sizeable
volume of air, which is freed in the peripheral
mixing area of the equipment. This air cannot be
centrifuged by the upper rotor, and thus cannot be
evacuated from the casing with the finished mix; it
thus collects in this area and gradually prevents
correct operation of the mixer.

In the second case, materials such as sand
lend themselves well fo simple gravity feeding into
the upper rotor, but the same is not true for fine
powders, whose lower densities render them prone
1o pressure imbalances in this zone.

Furthermore, the equipment in question does
not allow easy adjusiments to the density of the
mix obtained, while it is an established fact that
successful cementing of oil wells depends on pre-
cise and easy density control of the cement used.

The purpose of the invention presented herein
is to offer a mixer meeting the type requirements
outlined above, but ensuring satisfactory operation
even with fine powders.

The invention is in particular intended to cater
for cement powders and in the preferred design,
allows for extremely simple yet highly precise den-
sity adjustment.
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The invention assures these aims by proposing
a centrifugal mixer with a casing containing a high
speed rotor and into which the fluid feed is di-
scharged via an iniet. A puiverous material (or
second liquid) feed system is also provided, to-
gether with an outlet for evacuating the mix at a
pressure greater than atmospheric pressure. In this
mixer, the pulverous material feed system com-
prises a jet pump receiving the pumping fluid
through the finished mix return line.

The mixer advantageously features air evacuation
means in the mixing area, and a second rotor for
pressurizing the fluid by centrifugal action.

This architecture is noteworthy for the following
reasons. Firstly, the jet pump drive fluid is provided
by internal recirculation (via a line tapped into the
mixer pressure zone), therefore avoiding additional
material requirements. As a result, the density of
the mix can be adjusted by simple control of the
pulverous material feed (via a valve controlling
opening of the powder hopper run-off).

The ferm "mixer pressure zone" (area into
which the recirculating line is tapped) for the pur-
poses of the invention refers to either the pressur-
ized part of the mix, or t0 a zone rich in pressur-
ized fluid (partially mixed). Such a zone will exist
particularly if the peripheral area around the rotors
is parily divided by a plate mounted on the rotors.
Such a separation is not indispensable, but ensures
that the mixture passing through the jet pump is
not denser than the mix obtained around the pe-
riphery of the centrifuging rotor ("slinger™). On the
other hand, this separator plate leads to a slight
drop in efficiency.

Although it is difficult o fully document certain
of the phenomena occurring inside the mixer, it
would appear that in the absence of the above
separator plate, the mixer operates to such a high
level of efficiency that the density of the mix in all
areas of the peripheral mixing area (i.e. top or
bottom) - and therefore the density of the dslivered
mix - is constant.

Again, use of a jet pump has distinct advan-
tages for feeding cement powders - patent US-A-
1486883 has already recommended this. Unforiu-
nately, this approach is accompanied by consider-
able increases in the volume of air brought in by
the powder, thus earlier equipment could only
make use of this type of pump if the latter had a
degassing tank installed downstream, and from
which the mix was re-pumped. Thus prior to the
present invention, the possibility of using a jet
pump with the type of mixer described in patent
US-A-4453829 directly - that is, without employing
the degassing tank - could not be considered, yet
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more so given the fact that this type of mixer
already experienced air-accumulation problems.
The present invention surmounts this difficulty by
allowing for evacuation of air from the mixing zone.

In general terms, all types of fluid jet pump are
suitable for the purposes of the invention. Refer-
ence is made, for example, to the "Pump Hand-
book" published in 1976 by the McGraw Hill Book
Company, U.S.A., section 4 concerning classic jet
pumps, i.e. those featuring a central fluid jet provid-
ing high-pressure drive towards a low-pressure
nozzle, thus entraining the material for delivery by
the creation of a low-pressure area. Also included
under the general heading of "jet pumps" are
annular-jet pumps where the drive fluid is injected
in the form of a conical vortex sheet (or individual
filaments) surrounding the pulverous material feed.
Pumps with central jets are normally installed tran-
sversally below the run-off of the pulverous ma-
terial hopper, whereas annulartype pumps are most
advantageously installed if the reservoir is located
directly above the central upper opening of the
mixer, with which it communicates via a vertical
cylindrical chamber containing one or more individ-
ual slots that produce the vortex sheet or the
driving filaments.

Apart from the advantages already cited, the
proposed system has other benefits discussed be-
low. Other than the powder regulating valve, the
system contains no more moving parts than exist-
ing systems. Maintenance, including cleaning, is
simple and equipment reliability is excellent.

Conirary no what might be expected, feeding
the jet pump with a fluid whose density can vary (in
relation to the mix) does not disturb the powder
feed rate setting.

Quality of the mix is excellent, which is all the
more surprising since the system represented by
this invention upsets the established principles
which state that cement mixing should proceed
through increasing density levels until the required
density is attained. On the contrary, the invention
allows for cement mixing at high density levels in
the jet pump, then density reductions to a lower
level in the mixer.

Since the jet pump is connected directly to the
mixer inlet area (which is at a relatively low pres-
sure), there is no risk of blocking the pump: this is
not the case with certain set-ups employing the
earlier technology, where the jet pump was re-
quired to deliver sufficient pressure to lift the mix,
for example, up to the degassing tank.

Other advantages and characteristics of the
invention will be seen from the following descrip-
tion. Reference is made to the figures given in the
annex, i.e.:
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- Figure 1: cross-section of a mixer covered
by the invention. To avoid unnecessary repetition
of illustrations, the one drawing shows two different
designs, as follows:

. (on left) - one version of a powder feed system
and one solution for air evacuation;
. {on right) - alternative versions of the above.

-Figure 2: schematic representation of a mix-
er covered by the invention. The figure shows two
possible configurations for the recirculating line that
feeds the jet pump its drive fluid.

in Figure 1, mixer (1) has a casing (2) contain-
ing upper rotor (3) (also known as a "slinger") and
lower centrifuging rotor (4) ("impeller”). Casing (2)

.can consist of an upper and a lower shell assem-

bled by parts that are not illustrated. Rotors (3) and
(4) are mounted on the end of shaft (5) which is
driven by motor (6) mounted on support (15) (see
Figure 2).

Centrifuging rotor (4) is so designed that its
rotation generates a vortex that in turn produces a
zone of suction (7) in the region of lower orifice (8);
inlet (8) (for water or more generally, fluids) is
mounted at this orifice and water is drawn in
through orifice (8) then delivered under pressure
towards the outer edge of the lower rotor, and
generally distributed around the full outer limit of
the mixer.

Upper rotor (3) is so configured that puiverous
material fed in through chamber (14) adjacent to
upper inlet orifice (10), is thrown towards the pe-
ripheral zone of the rotor and generally projected
around the full outer limit of the mixer, where it is
integrally mixed with the water (itself in full agita-
tion). The (pressurized) mix is evacuated through
outlet (11) located in the mixer outer limit.

Rotors (3) and (4) are assembled with the
attached parts (12) and (13).

Mixer (1) is integrated into a mixing circuit
(Figure 2) comprising mixing water tank (20) that
delivers inio inlet (9) in the lower part of the mixer;
feed hopper (21) holding pulverous material and
connecting with chamber (14) that feeds into the
upper part of the mixer; high-pressure pump (22)
which receives the mixture fed from outlet (11) via
delivery line (28). Pump (22) delivers the finished
mix (for example, liquid cement for cementing an
oil well).

The above layout is a known method, and is
described in patent US-A-4453829; mention of it is
made here for reference.

The invention allows for a forced pulverulent
feed system employing a fiuid jet pump (23) fo-
cated upstream of valve (24) controliing the run-off
of hopper (21); the jet pump drive fluid is obtained
via recirculating line (25) that draws from the high-
presure zone of the mixer (that is, around the rotor
peripheries). Recirculating line (25) can draw from
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(29) in the rotor lower zone (where the mix is
heavier in water) if separator plate (35) is fitied
between rotors (3) and (4) (installed on rotor (4)),
although as indicated above, such a plate is not
indispensable. Alternatively, the fluid drive can be
picked directly off outlet (11) or delivery line (28);
in this case, the jet pump drive will be the
water/cement mix proper.

The jet pump enirains the powder; the flowrate
of the latter is controlied by valve (24) (butterfly
valve or slide valve, for example) located inside line
(26) that arrives tangentially inside chamber (14).
The top of the chamber is left open for admission
of air, and the chamber itself fits into mixer upper
opening (10), leaving another air passage. Line
(26) and chamber (14) must form a single part. If
the jet pump is of the annular type, the assembly
consisting of (23) and (26) is replaced by annular
slot (36), or a series of circumferentially spaced
slots, cut directly into chamber (14); in this case,
the latter is placed immediately below the adjust-
able botiom run-off of the hopper.

Hopper (21) is of the pneumatic or gravity feed
fype. or both.

In view of the fact that the jet pump drive fluid
is a circulaiory feed, the equipment flow schedule
is written simply as:
water inflow (8) + cement inflow (10) = mixer
offtake (11).

During, for example, cementing of an oil well or
similar, the volume of cement delivered by pump
(22) 1o the upstream well is constant and is deter-
mined by the pump speed. The rate of offtake of
mixed material through (11) is therefore constant,
or can easily be maintained so.

As a result of the foreging argument, the mixer
flow schedule dictates that water inflow (8) is a
direct function of powder inflow (10), which can
easily be controlled by valve (24).

It should be noted that it is in effect possible to
control the flow of cement rather than the flow of
water, since delivery of the former is forced, where-
as water feed is not. The cement flow thus has
priority over the water flow.

Density meter (27) is mounted in the recircula-
tion line and/or on delivery line (28), particularly if
the recirculation line is tapped into the latier.
Where this is the case, the pick-off is downstream
of the density meter. i is an advantage to install
valve (37) also in line (28) to allow full recirculating
of the mix through jet pump (23) at start-up (when
the cement content of the mix is somewhat low).

As explained above, a determining factor in
correct operation of the equipment is the provision
of satisfactory means for evacuating the air brought
in via jet pump (23) with the powder feed.
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To this end, and as shown in Figure 1 (right
side), air evacuation cavity (30) is provided be-
tween rotors (3) and (4) - this communicates with
mixer upper central zone (32) via ducts (31) drilled
obliquely through upper rotor (3). Air can escape
from zone (32) via the passage left between orifice
(10) and chamber (14). Air evacuation cavity (30)
could be formed by spacers on attach parts (12)
and (13).

In an alternative version (slightly more com-
plicated to produce as shown in the left part of
Figure 1, no inter-rofor air evacuafion cavity is
provided. instead, ducts (33) are cut through rotor
(3), directly linking upper central zone (32) with
high-pressure zone (34) adjacent to the two rotors.

If inter-rotor separator plate (35) is o be fitted,
the air evacuation system allows for a passage
between the upper part of the mixer peripheral
zone, and zone (32). In this case, provision would
be made for a number of orifices in plate (35) fo
allow for evacuation of air enirapped beneath the
plate.

Claims

1 - Mixer for liquid and pulverous material,
comprising a casing (2) confaining a high-speed
rotor (3 and 4) and into which liquid is fed through
inlet (9) and pulverous material is fed via a system
comprising (21) and (14); the liquid/pulverulent mix
is evacuated through offtake (11) at a pressure
greater than atmospheric pressure. The equipment
is characterized by the inclusion of a jet pump (23)
in powder feed system (21) and (14), the jet pump
receiving its drive fluid through mixiure recirculat-
ing line (25).

2 - Mixer for liquid and pulverous material,
comprising a casing (2) containing a high-speed
rotor (3 and 4) and into which liquid is fed through
inlet (9) and pulverous material is fed via a system
comprising (21) and (14); the liquid/pulverulent mix
is evacuated through offtake (11) at a pressure
greater than atmospheric pressure. The equipment
is characterized by the inclusion of a jet pump (23)
in powder feed system (21) and (14) (receiving its
drive fluid through mixiure recirculating line (25),
and by the provision of evacuation means (30, 31
and 33) for air brought in with the mixer feed.

3 - Mixer complying with Claims 1 or 2 above
for the mixing of a pulverous material with a liquid,
of the following design:

-Mixer proper (1) with upper centrifuging rotor (3)
("slinger™) (for powder) coupled with lower cen-
trifuging rotor (4) ("impeller") (for liquid), these two
being installed in casing (2) which has an upper
ceniral orifice (10) for powder inlet, a lower central
orifice (8) for liquid inlet, and a peripherally moun-
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ted offtake (11) for the mix; mixer has zone (34)
(under pressure) around the rotor periphery; liquid

inlet (9) connecting with orifice (8); and pulverous
material feed system comprising (21) and (14)
which feeds into upper orifice (10) and which con- 5
tains a pulverous material feed hopper (21).

This mixer is characterized by inclusion in feed
system (21 and 14) of jet pump (23) located down-
stream of valve (24) controlling opening of the feed
hopper, and directly connected (via (26) and (14)) 10
with upper orifice (10); and by the provision of
evacuation means (30, 31 and 33) in mixer zone

(34) for air brought into the said zone (34).

4 - Mixer complying with Claim 3 above, and
characterized by the fact that the fiuid feed for jet 5
pump (23) is provided by recirculating ifine (25)
tapped into high-pressure zone (29) of mixer (1).

5 - Mixer complying with Claim 4 above, and
characterized by tapping of recirculating line (25)
into offtakes (11) and (28) of mixer (1). 20

6 - Mixer complying with Claim 4 above, and
characterized by the provision of plate (35) for
partial separation between the peripheral areas of
lower rotor (4) and upper rotor (3), and by the fact
that recirculating line (25) is tapped into (29) in the 25
lower rotor peripheral area.

7 - Mixer complying with any of Claims 3
through 6 above, and characterized by use of a
central drive flow in jet pump (23).

8 - Mixer complying with any of Claims 3 a0
through 6 above, and characterized by use of an-
nualar flow for driving jet pump (23). °

9 - Mixer complying with any of Claims 3
through 8 above, and characterized by use of grav-
ity feed for pulverous material feed hopper (21). 35

10-Mixer complying with any of Claims 3
through 9 above, and characterized by the fact that
air avacuation means (30, 31 and 33) comprise
ducts through upper rotor (3) linking central mixing
zone (34) of mixer (1) with upper mixing zone (32), 40
the latter communicating to atmosphere.
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