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METERING DEVICE FOR INTRODUCING A LIQUID ADDITIVE INTO A
STREAM OF MAIN LIQUID

The invention relates to a metering device for
introducing a 1liquid additive into a stream of main
liquid flowing in a pipe, the device being of the type
comprising a reciprocating differential piston pump for
taking up the additive in a container and metering it,
this pump comprising a first inlet for receiving a main
liquid flow that drives the pump, a second inlet for
taking up the additive and an outlet for mixing the
additive and the liquid, the device comprising a venturi
arranged in the pipe, the pump being connected in
parallel with the venturi, the first inlet of the pump
being connected via a first line to the inlet of the
venturi while the outlet of the pump is connected via a
second line to the throat of the wventuri.

A metering device of this kind is known from the
applicant’s EP 1773479, by means of which it is possible
to deal with high main liquid flow rates using compact
pumps and to increase the permitted range of metering.
The differential piston pumps used in these metering
devices are known per se, in particular from EP 1151196
or US 6684753.

In a metering pump, the differential piston moves in
reciprocating fashion and drives a plunger piston to take
up the additive to be metered during an upward stroke and
to inject this additive into the main liquid or motive
liquid during a downward stroke. The pressure drop
between the first inlet of the pump and the outlet varies
depending on the operating phases of the pump. For good
energy efficiency of the pump, the venturi must be
provided in order to create a pressure drop, between its
inlet and the throat, which is essentially equal to the
pressure drop in the pump.

For relatively small additive metering, in particular
below 1% of additive in the main liquid, in particular

when a diversion line, with a factor of 10, is put in
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place with metering pumps metering to 0.3% in the
diverted flow to obtain 0.03% in the total flow, the
metering devices of the type defined above are
satisfactory since the differences 1in pressure drop
between the upward and downward strokes of the
differential piston are not too large. The performance
of the metering device remains acceptable since the
pressure drop between the throat of the venturi and the
inlet of the latter is not that different from the
pressure drop in the pump during the upward and downward
strokes of the differential piston.

When the metering of the ligquid additive increases,
in particular above 2% in the deviated flow to give 0.2%
in the total flow, or 10% in the deviated flow to give
1% in the total flow, the difference in pressure drop
between the upward and downward phases of the
differential piston increases. This phenomenon is more
apparent with higher pressure in the metering system and
with greater metering of the metering device in the
diversion line, since the pressure drop during the upward
stroke has to compensate for the pressure applied to the
metering piston which serves to meter the additive. This
results in a reduction in precision, or in it being
impossible to bring about the pressure drop necessary for
the operation of the metering pump over a large range of
flow rates, typically with a ratio of 6 to 10 between the
minimum and maximum main flow rates.

Most importantly, the invention has the aim of
proposing a metering device of the type mentioned above,
which partially or completely avoids the abovementioned
drawbacks and which makes it possible to optimize
operation, in particular in the event that the metering
of additive is relatively high, in particular above 0.2%
in the main liquid.

According to the invention, a metering device of the
type defined above is characterized in that it comprises:
- a means for varying the constriction of the throat of

the venturi,
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- and a means sensitive to the pressure drop in the pump,
which means is able to control the means for constricting
the throat of the venturi to reduce the passage cross
section when the pressure drop in the pump increases, and
to increase the passage cross section when the pressure
drop in the pump decreases.

Advantageously, the means sensitive to the pressure
drop in the pump consists of a means for comparing the
pressure at the throat of the venturi with the pressure
at the throat of a second venturi arranged on the first
line leading to the inlet of the pump.

The effectiveness of the metering device according
to the invention is improved by better matching the total
pressure drop between the inlet and the outlet of the
pump and the pressure drop at the throat of the venturi.

The means for varying the constriction of the throat
of the venturi preferably comprises a member which is
mounted so as to be able to slide in a direction inclined
with respect to the geometric axis of the venturi.

The means for comparing the pressures at the throats
of the two venturis may comprise a movable separation
means separating two chambers connected respectively to
the throat of one of the two venturis, the constriction
member being connected to this movable separation means
such that a pressure increase at the throat of the second
venturi relative to the pressure at the throat of the
first venturi causes an increase in the constriction of
the throat of the first venturi, and vice-versa.

Advantageously, the movable separation means
comprises a membrane.

The sliding member may consist of a vane. This wvane
may be mounted so as to be able to slide, with sufficient
gap, in a guide of the body of the venturi such that the
pressure at the throat is transmitted to the chamber
located on the side of the throat.

According to another possibility, the constriction

member consists of a cylindrical rod. That end of the
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cylindrical rod which is oriented toward the throat may
be essentially hemispherical.

The cylindrical rod may be attached to the end of a
smaller-diameter rod which passes in a sealed manner
through a plate closing a chamber connected to the throat
of the venturi.

Advantageously, a duct is located upstream of the
constriction member to provide a pressure tapping by
means of which it is possible to measure the flow rate
at the throat of the venturi.

According to another possibility, the cylindrical rod
comprises a longitudinal duct which opens at its end on
the side of the throat of the venturi and is connected,
at its other end, to a chamber located on the side of the
throat of the venturi.

The outlet line of the pump is connected to the throat
of the venturi via at least one opening which is lateral
with respect to the attachment of the line on the body
of the venturi.

Advantageously, the venturi and the pump form an
assembly, with connection means provided at the inlet and
the outlet of the venturi such that it can be inserted
into and connected to two sections of the pipe.

Apart from the abovementioned provisions, the
invention <consists of a certain number of other
provisions which will be dealt with more specifically
hereinbelow with reference to exemplary embodiments
described with reference to the appended drawings but
which are in no way limiting. In these drawings:

Fig. 1 is a vertical longitudinal section through a
metering device according to the invention, with outer
parts and parts represented schematically.

Fig. 2 is a simplified schematic view, with partial
cutaway, of a differential piston pump of the same type
as that used in the device according to the invention.

Fig. 3 is a smaller-scale perspective view of the

metering device of Fig. 1.
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Fig. 4 is a larger-scale view of the detail IV of
Fig.1l, showing a connection in an opening of the body of
the venturi.

Fig. 5 is a plan view with respect to Fig. 4, with
the connection removed.

Fig. 6 is a larger-scale section view along a plane
orthogonal to the plane of Fig. 1, and passing through
the median plane of the constriction means consisting of
a vane.

Fig. 7 shows, similarly to Fig. 1, a variant
embodiment of the metering device according to the
invention, with the constriction member consisting of a
cylindrical rod.

Fig. 8 1s a smaller-scale perspective view of the
device of Fig. 7.

Fig. 9 shows, enlarged, the detail IX of Fig. 7.

Fig. 10 is a plan view with respect to Fig. 9, with
the connection removed.

Fig. 11 is a larger-scale section through the rod,
similar to the section of Fig. 6.

Fig. 12 shows, in vertical longitudinal section, a
variant of the dosing device of Fig. 7, with a solid
cylindrical rod as constriction member.

Fig. 13 is a larger-scale section along the line
XITII-XIII of Fig. 12, and

Fig. 14 is an enlarged detail of Fig. 13.

The drawings, 1in particular Figs 1 to 3, show a
metering device D for introducing a liquid additive A
into a stream of main liquid L flowing in a pipe 1 shown
schematically. The main liquid is generally water but the
device D may be suitable for any type of liquid. The
liguid additive A is contained in a container 2, which
is shown schematically.

The device D comprises a pump 3 arranged with its
axis vertical. The pump 3 is of a known type, in
particular made and sold by the applicant. An example of
such pumps is described in EP 1151196 or US 6684753. As

shown schematically in Fig. 2, the pump 3 comprises a
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reciprocating differential piston 4 which drives a
smaller-diameter piston 5 for taking up the additive in
the container 2 and metering it. The plunger piston 5
slides in a cylindrical chamber of an auxiliary pump 6
connected via a feed tube 7 to the container 2. The tube
7 is immersed in the additive A to be taken up.

Conventional valve means, or similar, are provided
to control the reciprocating motion of the differential
piston 4. These known means are neither shown nor
described.

The pump 3 comprises a first inlet 8 for receiving a
main liquid flow that drives the differential piston 4.
The pump 3 comprises a second inlet 9 located in the
lower portion of the body of the auxiliary pump 6 for
taking up the additive A, and an outlet 10 for mixing,
in a metered manner, the additive A and the main liquid
L.

The device D comprises a venturi 11 arranged in the
pipe 1. The first inlet 8 of the pump is connected via a
first line 12 to the inlet of the venturi while the outlet
10 of the pump is connected via a second line 13 to the
throat of the venturi. Thus, the pump 3 i1s connected in
parallel with the venturi.

The device D according to the invention comprises a
means for varying the constriction E of the throat of the
venturi 11, and a means G sensitive to the pressure drop
in the pump 3 for controlling the means for constricting
E the throat of the venturi.

The means for varying the constriction E, as shown
in the embodiment of Figs 1-6, comprises a vane 14 which
is mounted so as to be able to slide in a direction
inclined, from upstream to downstream, with respect to
the geometric axis of the venturi 11. As shown in Fig.
1, the upstream-facing angle of inclination formed
between the vane 14 and the geometric axis of the venturi
is approximately 70°.

The vane 14 is arranged in an essentially cylindrical

base 15, projecting from the body of the venturi 11, this
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base being topped with a cover 16. The base and the cover
define a cylindrical recess whose geometric axis 1is
inclined with respect to the geometric axis of the
venturi. The vane 14 is located in a plane orthogonal to
the vertical plane passing through the geometric axis of
the venturi 11. The vane 14 passes through a slot provided
in the wall of the throat of the venturi and its lower
end l4a can project into the throat 1lc of the venturi.
The end 14a, as shown in Fig. 6, is in the form of a
concave arc of a circle. The vane 14 slides in a guide
of the body of the venturi with sufficient gap j (Fig.
6) for the pressure at the throat 1llc of the venturi to
be transmitted to a chamber 17 located on the side of the
throat and bounded by a deformable flexible membrane 18
whose periphery is clamped in a sealed manner between the
base 15 and the cover 16, which latter two are assembled
in a dismantlable manner by means of screws or the like.

As 1is conventional, the venturi 11 comprises a
convergent portion located upstream of the throat 1llc and
a divergent portion downstream of the throat. "“Throat
llc” refers to a region of the venturi whose axial extent
may be rather long and whose diameter is smaller than
those of the inlet and the outlet.

The outlet line 13 of the pump is connected via a
connector 19 which is screwed, in a sealed manner and
with a seal, into a tapped hole 20 provided on the
periphery of the body of the venturi. The geometric axis
of the hole 20 is located in a plane orthogonal to the
plane of the wvane 14 and passing through the geometric
axis of the venturi. As shown in Fig. 3, the body of the
venturi comprises ribs 22 which are offset by an angle
of 90° and the tapped hole 20 is made in a cylindrical
core 21 of geometric axis orthogonal to that of the
venturi and projecting on either side of a rib 22 to
which it is connected. The hole 20 does not open directly
into the throat of the venturi, from which it 1s separated
in the direction of the geometric axis of the hole 20 by

a bottom wall 23. Transversely on either side of this
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wall 23 there is provided a channel 24 which opens into
the throat of the venturi through a lateral lumen 25
whose angular position is offset by approximately 90°
with respect to the tapped hole 20 for connecting the
outlet line 13.

This arrangement with at least one and preferably two
lateral lumens 25 for injecting the mixture of liquid and
additive into the flow of main liquid, close to the throat
of the venturi, makes it possible to reduce turbulence.

A valve 26 for breaking the vacuum is diametrically
opposite the connector 19 and is in communication with
the throat of the venturi. The valve 26, which may be
connected to a drain in case of a leak, opens in the
event of a drop in pressure downstream, in order to avoid
siphoning the vat of product.

The means G sensitive to the pressure drop in the
pump 3 comprises a means for comparing the pressure at
the throat of the venturi 11 with the pressure at the
throat of a second venturi 27 arranged on the first line
12 leading to the inlet 8 of the pump. The means G
advantageously consists of the membrane 18, as shown in
the exemplary embodiment of the drawings.

The second venturi 27 is provided in a block which
is secured to the cover 16. The geometric axis of the
venturi 27 is orthogonal to the geometric axis of the
first venturi 11. The inlet of the convergent portion of
the second venturi 27 consists of an opening which opens
into the inlet of the venturi 11. The throat of the second
venturi 27 is connected, via a transverse duct 28, to a
chamber 29 provided in the cover 16 and located on the
side of the membrane 18 remote from the first venturi 11.
The divergent portion of the venturi 27 1is oriented
toward the pump 3 and is connected to the line 12.

That being said, the metering device according to the
invention operates as follows.

A flow of main liquid L flows in the pipe 1 at a
static pressure of, in general, 1 to 6 bar. At the throat

of the venturi 11, the flow speed of the fluid increases
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and its static pressure drops. The difference in pressure
between the inlet of the venturi 11 and the throat makes
it possible to operate the pump 3 and to actuate the
differential piston using a small portion of the main
flow, diverted via the second venturi 27 and the line 12.

The auxiliary pump 6, driven by the reciprocating
motion of the differential piston 4, takes up metered
quantities of additive A in the container 2 and the
metered mixture is 1injected, at the throat of the
venturi, via the line 13 through the lumens 25.

During the upward stroke of the differential piston
4 and of the plunger piston 5, the pressure drop between
the inlet 8 and the outlet 10 of the pump 3 is greater
than during the downward stroke, and the pressure at the
throat of the second venturi 27 increases with respect
to that prevailing at the throat of the first venturi 11.

In these conditions, the pressure in the chamber 29
rises above that prevailing in the chamber 17 and the
membrane 18 deforms to allow the vane 14 to slide and to
further enter the throat of the venturi 11. This produces
an increase in the pressure drop between the inlet and
the throat of the venturi 11, which makes it possible to
equalize the pressure drop at the throat of the venturi
11 and the pressure drop between the inlet 8 and the
outlet 10 of the pump 3, or at the very least to minimize
the difference between these pressure drops, which helps
to improve the effectiveness and the operational
efficiency of the pump.

During the downward stroke of the differential piston
4 and of the plunger piston 5, the pressure drop between
the inlet and the outlet of the pump 3 is smaller, such
that the vane 14 retreats into the chamber 17 and reduces
the constriction of the throat of the venturi 11, and
thus the pressure drop between the convergent portion and
the throat of the venturi 11.

Thus, the vane 14 and the membrane 18 will oscillate
at the speed of the differential piston 4 to better
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equalize the pressure drop at the throat of the venturi
11 and the total pressure drop in the pump 3.

The effectiveness of the metering device is
maintained when the metered quantities are relatively
high, in particular greater than 0.2% of additive A in
the main flow, and up to 1% in the main flow.

The operating range of the device according to the
invention is brcadened. Startup at low flow rates is made
more reliable, which makes it possible to start with a
low flow rate (in particular, the minimum flow rate is 6
to 10 times smaller than the maximum flow rate) and to
increase this flow rate after startup, while retaining
precise metering and good operational effectiveness.

Figs 7-11 show a wvariant embodiment of the metering
device D. Those elements of this device which are
identical or similar to elements already described in the
context of the preceding embodiment are assigned the same
alphanumeric references and will not be described anew.

According to this wvariant embodiment, the wvariable
constriction means E of the throat of the venturi 11
consists of a cylindrical rod 30 mounted so as to be able
to slide in an inclined direction from upstream to
downstream on the geometric axis of the venturi 11. The
inclination is approximately 50° in the example shown.
The cylindrical rod 30 is mounted so as to be able to
slide in a bore 31 of the body of the venturi which opens
at the throat. That end 32 of the rod which is oriented
toward the throat of the venturi 1is essentially
hemispherical. The rod 30 comprises a longitudinal,
preferably axial, duct 33 which opens toward the throat
of the venturi at the end 32 and which is connected, at
its other end, to a radial line 34 which opens into the
chamber 17 located on the side of the membrane 18 oriented
toward the venturi. The rod 30 1s connected to the
membrane 18 which delimits, on the side opposite to the
chamber 17, the other chamber 29 connected to the throat
of the second venturi 27 via the duct 28.
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The pressure at the throat of the venturi 11 is
transmitted to the chamber 17 via the longitudinal duct
30 and the transverse line 34.

The metering device of Figs 7-11 operates 1in a
similar manner to that described with reference to the
preceding figures. The c¢ylindrical rod 30 with its
hemispherical end makes it possible to reduce turbulence
in the flow and to improve overall performance.

Figs 12 and 13 show an advantageous variant
embodiment of the metering device of Figs 7-11. Those
elements which are identical to elements of Figs 7-11 are
assigned the same alphanumeric references and will not
be described anew.

According to this variant, the pressure tapping by
means of which it is possible to measure the flow rate
at the throat 1llc of the venturi is provided by a duct
35 located upstream of the cylindrical vane or rod 30a,
whose outer wall is continuous. The longitudinal duct of
the embodiment of Fig. 7 is omitted.

The cylindrical wvane 30a, with the hemispherical
lower end 32a, is attached to the end of a rod 36, of
smaller diameter than 30a. The membrane 18 is attached
to the widened end of the rod 36, remote from the wvane
30a.

The duct 35 brings into communication the region of
the throat of the venturi 11 with the chamber 17 located
beneath the membrane 18. The rod 36 passes through a
plate 37 (Fig. 14) which closes the chamber 17 on the
side of the throat 1lc of the venturi. A passage extending
the duct 35 and opening into the chamber 17 passes through
the plate 37.

Advantageously, the rod 36 1s sealed by means of a
sealing ring 38 at the point where it passes through the
plate 37. The reaction speed of the vane 30a is improved
by thus reducing the cross section exposed to the
pressure which prevails at the throat of the venturi by
arranging a seal on the smaller-diameter rod 36. The vane

30a slides in its recess with sufficient radial gap to
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allow the ligquid to pass through; its front face 32a and
its rear face are exposed to the same liquid pressure.

The control pressures on either side of the membrane
18 must balance out when the division ratio is reached
and gives the equilibrium position of the membrane. This
condition is satisfied if, ideally, the pressures and
cross sections are the same and thus the forces are
identical. For this state of equilibrium, it i1s desirable
to minimize the introduction of the control vane or rod
into the main flow to minimize the pressure drop.

In the cylindrical-rod version, the rod cross section
exposed to the pressure is no longer negligible in front
of the active section of the membrane. In addition,
according to the variant shown in Figs 12-14:

- the active section of the membrane is increased,

- the influence of the rod cross section exposed to
a pressure at the throat is reduced by a smaller-diameter
seal.

These conditions have shown, in testing, that reading
the flow rate via the control pressures 1is better
respected and that the system reacts faster by virtue of
the reduction in the resistive force due to the pressure
field acting on the control rod.

The invention is not limited to the embodiments
described with reference +to the drawings but it
encompasses the possible wvariants of the wvariable
constriction means of the throat of the venturi and of
the means sensitive to the pressure drop in the pump. In
particular, the constriction means could consist of a
pivoting constriction flap provided in the throcat of the
venturi and controlled by the means sensitive to the
pressure drop. The membrane 18 could be replaced by a
movable piston in a cylindrical recess, defining the two
chambers 17 and 29, the movement of the piston
controlling those of the vane 14 or of the rod 30.

The shape of the venturi 11 can be adjusted so as to
establish, in operation with the throat 1llc completely

open and at full flow, a pressure drop at the throat of
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2.6 bar and to obtain a pressure drop of less than 1.5 bar

for metering at 1%.
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CLAIMS

1. A metering device for introducing a ligquid additive
into a stream of main liquid flowing in a pipe, the device
comprising a reciprocating differential piston pump (3)
for taking up the additive in a container and metering
it, this pump comprising a first inlet (8) for receiving
a main liquid flow that drives the pump, a second inlet
(9) for taking up the additive and an outlet (10) for
mixing the additive and the main 1liquid, the device
comprising a venturi (11) arranged in the pipe, the pump
(3) being connected in parallel with the venturi (11),
the first inlet (8) of the pump being connected via a
first line (12) to the inlet of the venturi while the
outlet (10) of the pump is connected via a second line
(13) to the throat (1llc) of the venturi, characterized
in that it comprises:

- a means for varying the constriction (E) of the throat
(1lc) of the wventuri,

- and a means (G) sensitive to the pressure drop in the
pump (3), which means is able to control the means for
constricting (E) the throat of the venturi to reduce the
passage cross section when the pressure drop in the pump
increases, and to increase the passage cross section when

the pressure drop in the pump decreases.

2. The device as claimed in claim 1, characterized in
that the means (G) sensitive to the pressure drop in the
pump consists of a means for comparing the pressure at
the throat (llc) of the venturi (11) with the pressure
at the throat of a second venturi (27) arranged on the
first line (12) leading to the inlet (8) of the pump.

3. The device as claimed in claim 1 or 2, characterized
in that the means for varying the constriction of the
throat of the venturi comprises a member (14, 30, 30a)

which is mounted so as to be able to slide in a direction
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inclined with respect to the geometric axis of the

venturi (11).

4. The device as claimed in claim 2, characterized in
that the means for comparing the pressures at the throats
of the two wventuris (11, 27) comprises a movable
separation means separating two chambers (17, 29)
connected respectively to the throat of one of the two
venturis (11, 27, the constriction member Dbeing
connected to this movable separation means such that a
pressure increase at the throat of the second venturi
(27) relative to the pressure at the throat of the first
venturli (11) causes an increase in the constriction of

the throat of the first venturi, and vice-versa.

5. The device as claimed in claim 4, characterized in

that the movable separation means comprises a membrane
(18).

6. The device as claimed in claim 3, characterized in

that the sliding member consists of a vane (14).

7. The device as claimed in claim 3, characterized in
that the constriction member consists of a cylindrical
rod (30, 30a).

8. The device as claimed in claim 7, characterized in
that that end (32, 32a) of the cylindrical rod (30, 30a)
which 1is oriented toward the throat is essentially

hemispherical.

9. The device as claimed in claim 7 or 8, characterized
in that the cylindrical rod (30a) is attached to the end
of a smaller-diameter rod (36) which passes in a sealed
manner through a plate (37) closing a chamber (17)
connected to the throat of the venturi (11).
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10. The device as claimed in any one of claims 7 to 9,
characterized in that it comprises a duct (35) located
upstream of the constriction member (30a) to provide a
pressure tapping by means of which it 1is possible to
measure the flow rate at the throat of the venturi.

11. The device as claimed in claim 6, characterized in
that the vane (14) is mounted so as to be able to slide,
with sufficient gap (j), in a guide of the body of the
venturi such that the pressure at the throat (llc) is
transmitted to a chamber (17) located on the side of the
throat (llc) of the wventuri.

12. The device as claimed in claim 7 or 8, characterized
in that the cylindrical rod comprises a longitudinal duct
(33) which opens at its end on the side of the throat of
the venturi (11) and is connected, at its other end, to
a chamber (17) located on the side of the throat (1llc)

of the venturi.

13. The device as claimed in any one of the preceding
claims, characterized in that the outlet line (13) of the
pump is connected to the throat of the venturi via at
least one opening (25) which is lateral with respect to
the attachment of the line on the body of the venturi.

14. The device as claimed in any one of the preceding
claims, characterized in that the wventuri (11) and the
pump (3) form an assembly, with connection means provided
at the inlet and the outlet of the venturi (11l) such that
it can be inserted into and connected to two sections of

the pipe (1).



