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FVelocity type flow meter with electronic readout

The object of the invention is a velocity-type flow meter
with electronic readout used for measurement of volumetric
flow of a fluid, and in particular, of water, installed on a
pipeline. A water meter is a device for application
particularly on water pipes 1in cold and hot water supply

systems.

According to the known solutions, flow meters, and in
particular velocity type flow meters, are the devices with a
counting .system. coupled with an impeller in the form of a
paddle wheel. In the water meter body in the impeller chamber
there is an impeller of a paddle wheel nature, mounted on a
single axle or on two axles, on the axis perpendicular to the
direction of 1liquid flow. Fluid flows through the impeller
chamber in the direction perpendicular to the axis of . rotation
of the impeller, causing its rotation that is proportional to
flow rate. The number of revolutions of the impellef depends
on the volumetric flow rate of the liquid. The known flow
meter 1s usually equipped with a non-contact sensor of the

number of revolutions. A Signal from the sensor, after its
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transformation, is used for calculations as an impulse signal.
The number of impulses 1is proportional to the value of fluid
flow inside the pipe.

In the solution known from the Japanese patent description
No. JP 56100313 a magnetic flow meter was presented. According
to this solution, permanent magnets are fastened to the flange
on the axle of the impeller that rotates proportionally to
water consumption. Electric impulses are generated in a
magnetic sensor, depending on the revolutions of the flange
with magnets, counted in an electronic counter and displayed
on a liquid crystal display LCD. Magnets are prcduced with
angular position to the axis of rotation of the impeller. Thus
the linear magnetic force generated by permanent magnets is
flat and the magnetic sensor may be placed in the neighborhood
of the magnet, without any impact on impeller revolutions,
despite its small dimensions, which may be increased,
depending on needs.

A different solution of a magnetic flow meter was
presented in another Japanese patent description No. JP
56094219. In this known solution in the water meter chamber
there is an impeller with a permanent magnet. The revolutions
of this magnet, in proportion to the revolutions of the
impeller, are transformed into electric impulses by way of
transmitting them through a cover of the water meter chamber
to the magnetic sensor and thus the flow rate of water is
measured by an electronic circuit, constituting an electronic
.counter with LCD and the source of power supply. In the
electronic circuit between the lower housing and the upper
housing there 1s a seal and its connection surface is
permeable for wultrasonic waves. The electronic circuit is

integrated on the counter part of the water meter with the
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application of a seal, a combining ring and it includes the
next elements of the system in a separated moisture-resistant
space of the water meter aimed for the electronic circuit.

Another known solution of a flow meter with electronic
readout was presented in the Japanese patent description No.
Jp 2003207376. In this known solution a connector pipe 1is
combined with a water pipe nozzle. When water flows, the
impeller in the impeller chamber rotates. A photoelectric
sensor detects the light reflected on the reflector, fastened
on the impeller plate, and transmits impulse signals to the
display assembly in the form of voltage impulses. Water
consumption is displayed basing on the transmitted signals.

Flow meters are equipped with electronic flow indicators,
so they include an electronic system that counts the impulses
induced by a signal transmitter, normally located on the axle
of the flow meter impeller, for example by a magnetic element
in cooperation with the Hall sensor. Impulses are counted and
multiplied by the amount of flowing fluid, determined on the
measuring station for a given type of a water counter. The
result is presented on the display in the form of volume of
the fluid that flew through the water meter body in a specific
period of time.

What is problematic is the measurement of flow rate in the
conditions of lower 1limit of extreme flows, i.e. the flows
close to the nominal scope, as well as in the conditions of
the upper limit of extreme flows, above the nominal scope of a
flow meter, but also in the scope of nominal flows, where one
can also note many times a non linear characteristics of water
meter error. In the extreme conditions the values of fluid
flow often substantially deviate from the nominal values

stored in memory of the counter.
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In the flow meters of this kind the wet part is usually a
cylindrical chamber of the impeller, inside of which there is
a rotationally-installed impeller in the form of a paddle
wheel with the axis of rotation that is perpendicular to the
ligquid flow direction. On the axle of the impeller one
fastened radial blades. The stream of liquid flowing through
the impeller chamber, directed by way of location of the
liquid inlet and outlet pipe nozzles to/from the impeller
chamber to one of the sides of the chamber, activates the
rotation of the impeller with a rotational speed proportional
to the volumetric flow rate of the liquid. Revolutions of the
impeller in the unit of time are counted and transformed in a
mechanical or electronic system in the counting part of the
water meter. As indicated above, in electronic water meters
one applies, first of all, the readout of magnetic impulses
coming from a permanent magnet or magnets, fastened to the
impeller and read by a stationary magnetic sensor, attached to
the water meter housing. The solution of this kind results in
susceptibility of the water meter to the external interference

with a magnetic field.

In the known state of the art solutions, the basic problem
is the accuracy of indications, along with the changes in
liquid flow rate. A special problem consists in maintaining of
the accuracy of measurement in the lowest values of flow, in
the neighborhood and below the minimal flow of the flow meter.
In the area of flow that is slightly above the start-up
threshold the impeller operates in an unstable way and it may
even stop; it does not indicate the values of liquid flow
then. It causes substantial errors in indications in these

areas of operation of the flow meter. The purpose of the
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invention 1is to decrease the value of minimal flow Q; of the

flow meter and the value of its start-up threshold.

According to the invention, the flow meter with electronic
readout is composed of a body with an impeller chamber, along
with a water inlet and outlet pipe nozzles, and the impeller
chamber 1is closed with an upper cover, and in this impeller
chamber there is an impeller installed on the axle that is
perpendicular to the liquid flow direction. To a hub of the
impeller one fastened the elements that dampen vibrations of
an electromagnetic circuit. In a dry chamber of the upper
cover there is a receiver of indicator signals, connected with
a counter and including a display of measurement values and
optionally, a transmitter with an antenna.

What is characteristic of the flow meter according to this
invention, 1is that the receiver of signals of revolutions of
the impeller forms the RLC electronic system, emitting a
constant stream of electric impulses, aimed in the direction
of the 1line of revolutions of the dampening element. The
notion of the line of revolutions of the dampening element is
defined as a circle, on whose path the dampening element
moves; this element is fastened on the hub of the impeller.
Along with the impeller, the dampening element installed on
the plane of the hub of the impeller rotates around the axis
of rotation of the impeller. The dampening element moves along
the line of the circle, whose radius determines the distance
from the axis of symmetry of the impeller to the points of
fastening of the dampening element on the plane of the hub of
the impeller, perpendicular to the axis of rotation.

On the other side of the hub, on the opposite plane of the

hub of the impeller, perpendicular to the axis of rotation,
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one fastened the second dampening element, with the same mass
as the first dampening element. In a different solution
according to the invention, the indicator of revolutions of
the impeller may be a pair of dampening elements attached on
one side of the impeller, on the plane of the hub of the
impeller, perpendicular to the axis of rotation. In this
solution both dampening elements are distributed symmetrically
to one another, on a theoretical line of diameter of this hub
of the impeller. In this solution on the other side of the hub
of the impeller one installed the opposite second pair of
dampening elements, with the same mass as the first pair of
the dampening elements, forming an indicator of revolutions of
the impeller. The second pair of the dampening elements 1is
also fastened symmetrically on the line of diameter of the
other side of the hub of the impeller. The purpose of such a
location of both pairs of the dampening elements is to obtain
uniformity of distribution of mass of the impeller in the
flowing 1liquid, along with the other components of the
impeller, such as sleeves, a thrust bearing and the dampening
elements, both in the plane that is perpendicular to the axle
of the impeller going through the center of the impeller, and
in the plane that is parallel to the axle of the impeller
going through the center of the impeller.

According to the invention, it is planned that the weight
of the complete impeller favorably corresponds to the weight
of fluid displaced by this impeller. In addition, it 1is
expected that the center of buoyancy of the impeller coincides

with its center of gravity.

In the solution according to this invention new means are

suggested, aimed at lowering of thrust on the axle of the
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impeller, resulting from non-uniformity of distribution of
weight of the impeller.

Another unfavorable phenomenon, which was eliminated in
the solution according to this invention, is the issue of lack
of balancing of weight of the impeller itself, which is the
cause of earlier wear of bearings of the impeller axles and
impacts increasing inaccuracy of indications of the flow
meter. The impeller with a weight equal to the weight of
displaced water maintains a relative weightlessness in the
water environment and does not put up practical resistance
resulting from 1its deadweight, which is of ©particular
importance in case of water flows in the lower limits of the
stream of volume of the flow meter, where the most serious
errors of indication are usually noted. As was found as a
result of examination, the solution according to this
invention allows to obtain a serious progress in the accuracy
of indications of the flow meter, in case of small values of
the stream of volume, that was not obtained in the known

solutions.

The object of invention was presented in the examples of
construction in the attached figures, basing on the example of

a water meter, on which the respective drawing figures are

showed:

Fig. 1 - bottom view of the water meter,

Fig. 2 - top view of the water meter,

Fig. 3 - section of the water meter in the first example,
Fig. 4 - top view of the impeller in the first example,
Fig. 5 - bottom view of the impeller in the first example,
Fig. 6 - section of the water meter in the second example,
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Fig. 7 - top view of the impeller in the second example,
Fig. 8 - bottom view of the impeller in the second example,
Fig. 9 - section of the water meter in the third example,

Fig. 10 - top view of the impeller in the third example,

Fig. 11 - bottom view of the impeller in the third example,

Fig. 12 - view of the impeller according to fig. 4 in the
direction conforming to the axis of rotation of the
impeller,

Fig. 13 - view of the dampening element,

Fig. 14 - view of the impeller in the fourth example.

As presented in the attached figures fig. 1 and fig. 2,
the water meter with electronic readout is composed of the
body .1 with the impeller chamber, along with water inlet
connector pipe 2 and outlet connector pipe 3. In the figures:
fig. 3, fig. 6, fig. 9 it was presented that the impeller
chamber 1is closed with the upper closing plate 4 and that
there is the impeller 5 in the impeller chamber, located on
the axle 51, 52, 53, perpendicular to the direction of water
flow. To the hub 6 of the impeller 5 one attached a dampening
element 71. The electronic system composed of the electronic
board 11, the display 9, the battery 15 and the antenna 10,
located in the dry chamber 8 and the coil 14 located in the
plate that closes the water meter 4, detects motion of the
dampening elements 71,72 on the line of revolutions.

As shown in the fig. 4 and fig. 5, in the first example of
construction, to the hub of the impeller one fastened two
dampening elements 71,72. The electronic system emits a stream
of electromagnetic impulses, aimed in the direction of the
line of revolutions of the dampening elements 71,72. The

notion of the line of revolutions of the dampening elements
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71,72 1is defined as a circle, on whose path the dampening
elements 71,72 move, which are fastened on the hub 6 of the
rotational impeller 5. Along with revolutions of the impeller
5 the dampening elements 71,72, fastened on the plane 12 of
the hub 6 of the impeller 5, rotate around the axis of
rotation 51,52,53 of the impeller 5. The dampening elements
71,72 move along the 1line of the circle, whose radius
determines the distance from the axis of symmetry of the
impeller 5 to the point of fastening of the dampening elements
71,72 on the plane 12 of the hub 6 of the impeller 5,
perpendicular to the axis of rotation.

On the other side of the hub 6, on the opposite plane 13
of the hub of the impeller 5, perpendicular to the axis of
rotation, there are fastened two balancing dampening elements
73, with the same mass as the first two dampening elements
71,72, constituting the indicator of revolutions of the
impeller.

In the examples of construction presented in the attached
figures, the dampening elements 71,72 constituting the
indicator of revolutions of the impeller 5, form a pair of
elements fastened on one side of the hub of the impeller, on
the plane 12 of the hub 6 of the impeller 5, perpendicular to
the axis of rotation. In this solution both dampening elements
71,72 are distributed symmetrically to one another, on a
theoretical line of diameter of this hub 6 of the impeller 5.
It was shown in the attached fig. 4, fig. 7 and fig. 10. In
this example of solution on the other side of the hub 6 of the
impeller 5, on the plane 13 one fastened the opposite second
pair of the elements 73, with the same mass as the pair of
elements that constitute the indicators 71,72. This second

pair of balancing elements 73 1is also fastened symmetrically
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on the line of diameter of the second plane 13 of the hub 6 of
the impeller 5.

In the described example of construction, presented in the
figures, the weight of the impeller along with the components
of the impeller, such as sleeves, a thrust bearing and
dampening elements 71,72 and with the balancing elements 73 on
the other side of the hub 6 of the impeller 5, is equal to the
weight of fluid displaced by this complete impeller.

In the figures: fig. 3, fig. 4 and fig. 5 one presented
the first example of construction of the water meter,
according to the invention. In this example of construction
the impeller 5 includes two dampening elements 71,72, two
balancing elements 73, two slide bearings 55, inside of which
there are located two axle shafts 51 that are not the parts of
the impeller 5 and are separated with at least one sapphire
stone 54. In other examples of construction one does not
exclude the application of a different number of sapphire
stones 54, as well as of a different number of dampening
elements 71,72 and balancing elements 73.

In the figures: fig. 6, fig. 7 and fig. 8 one presented
the second example of construction of the water meter,
according to the invention. In this example of construction
the 1impeller 5 has the axle shaft 52 on one side, and the
sleeve 55 on the other side, inside of which there 1is the
second axle shaft 51, which is not a part of the impeller 5.
This axle 51 is located in the body of the water meter 1 and
it is supported on the thrust bearing, i.e. the sapphire stone
54 located in the impeller 5. The impeller includes two
dampening elements 71,72. In this example of construction, in
the impeller 5 from the side of the sleeve 55 there is a

balancing ring 74. In other examples of construction one does
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not exclude the use of a different number of dampening
elements 71,72 and of balancing elements 74.

In the figures: fig. 9, fig. 10 and fig. 11 one presented
the third example of construction of the water meter according
to the invention. In this example of construction the impeller
5 includes two dampening elements 71,72, two balancing
elements 73, and two axle shafts 53, forming a part of the
impeller 5. The axle shafts 53 are situated in the openings in
the body 5 and in the upper cover 4 of the chamber of the
impeller 5. In other examples of construction one does not
exclude the use of a different number of dampening elements
71,72 and of balancing elements 73.

In the fig. 12 one presented the impeller 5 in a view
conforming to the axis of rotation of this impeller. As shown,
on the plane 12 of the hub 6, one fastened symmetrically two
dampening elements 71,72. The dampening elements 71,72 were
shown in detail in the figure 13. The elements 71,72 are made
from chromium steel H17. The whole impeller, along with the
hub 6 and the blades, is made from polypropylene. In the
example of construction presented in the figure 12, the
complete impeller includes the dampening elements 71,72 on the
plane 12 and the balancing elements 73 on the opposite plane
13 of the hub 6. The balancing elements 73 are also made from
steel H17, of the same shape as the dampening elements 71,72.

The complete impeller presented in the figure 12, with a
diameter @ 44,8 mm has the mass of 3,699 and the volume of
3,69 cm®. Thus, the complete impeller 5 weights as much, as
the water it displaces, and additionally, according to the
solution presented in the invention, it is balanced on the
axis. In the described example the measurements made on both

sides of the measurement axis of rotation of the impeller 5,
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yielded the following results: the mass on the left-hand side
amounting to 1,845g and the mass on the right-hand side also
amounting to 1,845g. In a model impeller applied in dry-
running water meters with magnetic coupling produced so far,
not balanced according to the invention, mass distribution on
the left-hand side amounts to 0,38g and on the right-hand side
-0,25g. It does not 1limit the possibility of constructing of a
flow meter according to the invention with different sizes of
the impeller 5.

In other examples of construction of the water meter
according to the invention one may assume a different number
of dampening elements 71,72 on the impeller, as well as a
different number or a different form of the balancing elements
73, provided, however, that the principle of balancing of the
entire impeller 5 is maintained, both in the plane parallel to
the axis of rotation of the impeller 5, and in the plane that
is perpendicular to the axis of rotation of the impeller 5,
and provided that the condition of maintaining of the total
weight of the impeller 5 is respected, equal to the weight of
the fluid displaced by this complete impeller 5. 1In the
presented examples of construction in the impeller 5 the

center of buoyancy coincides with the center of gravity.
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The list of marks in the drawings

A

52.
53.
54.
55.

71.
72.
73.
4.

10.
11.
12.
13.
14.
15.

Body

Water inlet connector pipe
Water outlet connector pipe
Water meter closing plate
Impeller

Axle shaft of the impeller
Axle shaft of the impeller
Axle of the impeller
Sapphire stone

Sleeve

Hub of the impeller
Damping element

Damping element

Balancing element
Balancing ring

Dry chamber

Display

Antenna

Electronic board

Plane of the impeller hub
Plane of the impeller hub
Coil

Battery

Water flow direction
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Patent Claims

1. Velocity-type flow meter with electronic read-out,
composed of the body with an impeller chamber, as well as
with ’a liquid inlet and outlet connector pipe; the
impeller chamber is closed with the upper cover and in
this impeller chamber there is the impeller fastened on
the axle, which 1is perpendicular to the 1liquid flow
direction; there is an indicator of revolutions attached
to the hub of the impeller, and in the dry chamber of the
upper cover there 1is an electronic systemn, whose
characteristic feature is that the indicator of
revolutions of the impeller (5) constitutes at least one
dampening element (71), whereas an element that detects
the motion of the dampening element (71) forms an
electronic system (11) emitting a stream of
electromagnetic impulses by means of a coil (14), aimed
in the direction of a line of revolutions of the
dampening element (71).

2. Flow meter accdrding to the claim 1, whose characteristic
feature is that on the other side of the hub (6) of the
impeller (5) there 1is attached at 1least one balancing
element (73). |

3. Flow meter according to the claim 2, whose characteristic
feature 1is that the balancing element (73) has the
dimensions of the dampening element (71).

4. Flow meter according to the claim 1, whose
characteristic feature is that the indicator of

revolutions of the impeller (5) constitutes a set of
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dampening elements (71,72) fastened on one side of the
hub (6) of the impeller (5), symmetrically to one
another, on at least one theoretical line of the diameter
of this hub (6) of the impeller (5).

5. Flow meter according to the claim 3, whose
characteristic feature is that on the other side of the
impeller (5) on the hub (6) there is attached a set of
balancing elements (73) with the same mass as the set of
elements (71,72) forming the indicator of revolutions of
the impeller (5).

6. Flow meter according to one of the claims from 1 to 5,
whose characteristic feature is that on the other side of
the hub (6) of the impeller (S5) there is attached the
balancing ring (14).

7. Flow meter according to one of the claims from 1 to 5,
whose characteristic feature is that the weight of the
complete impeller (5) corresponds to the weight of the
liquid displaced by this impeller (5).

8. Flow meter according to one of the claims from 1 to 5,
whose characteristic feature is that in the impeller (5)
the center of Dbuoyancy coincides with the center of

gravity.
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