wo 2017/134590 A1 I} 1] A1 000 OO0 O R

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2017/134590 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

10 August 2017 (10.08.2017) WIPOIPCT
International Patent Classification:
GO1F 1/075 (2006.01)
International Application Number:
PCT/IB2017/050559

International Filing Date:
2 February 2017 (02.02.2017)

Filing Language: Italian
Publication Language: English
Priority Data:

102016000012017 5 February 2016 (05.02.2016) IT

Applicant: ELBI INTERNATIONAL S.p.A. [IT/IT];
Corso Galileo Ferraris 110, 10129 Torino (IT).

Inventors: PARIS, Fabrizio; Vicolo San Pancrazio 18B,
10040 Druento (Torino) (IT). RAVEDATI, Paolo; Via
San Sebastiano 2, 10024 Moncalieri (Torino) (IT).
RENDESI, Maurizio; Via dell'Olmo 3, 10090 Villarbasse
(Torino) (IT).

Agents: VANZINI, Christian et al.; ¢/o Jacobacci & Part-
ners SpA, Corso Emilia 8, 10152 Torino (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: DEVICE FOR MEASURING THE FLOW RATE OF A FLUID IN A CONDUIT

~ N

208 —t—
20017

7
4
:/

\\\\\\\*\_\‘\i]/

/\\ N

/5 )

L
|

20g - 3 - S
NN
7 7!
/ 1'—\\»‘;»
X

W RS

s’ et
NN

w2

\lﬂm

s

FIG. 1

(57) Abstract: The device (1) for measuring the flow rate comprises an impeller (10) to be rotatably mounted in said conduit (C),
around an axis (X-X) and having a plurality of radial vanes (13) to be hit by a flow of said fluid for making the impeller (10) rotate
with an angular speed which is a function of the flow rate of said fluid, and a detector (16, 17) associated with the impeller (10) to
provide signals indicating the angular speed thereof. Upstream of the impeller (10) a ditfuser (20) is provided defining a plurality of
passages (21, 22) for dividing said flow into a plurality of reduced flows and directing said reduced flows toward the vanes (13) of
the impeller (10), such as to make the latter rotate in a predetermined direction. The impeller (10) has a first axial portion (10a) close
to the diffuser (20) and provided with blades (13), which are flat and lie in radial planes relative to the axis (X-X), and a second axi -
al portion ( 10b) away from the diffuser (20) and provides a greater radial dimension than the first axial portion (10a), and to which
the detector (16, 17) is associated. The diffuser (20) forms peripheral passages which extend in planes parallel to said axis (X-X) and
inclined in a same direction about said axis (X-X); each passage (21, 22) having a longitudinal inlet portion (21), parallel to said axis
(X-X) and a transverse outlet portion (22) laterally facing said first axial portion (10a) of the impeller (10) such that in operation, the
outlet portions (22) of said passages (21, 22) direct towards the vanes (13) of the impeller (10) corresponding flows or jets of fluid in
non-radial directions inclined in a same direction around said axis (X-X).
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Device for measuring the flow rate of a fluid in a conduit

The present invention relates to a device for measuring the flow rate of a fluid, and in
particular of a liquid, in a conduit, usable, for example, in the field of devices for household
washing appliances, such as dishwashers and washing machines, and/or in the field of

components for equipment for the production of foods, in particular, drinks.

More specifically, the invention relates to a device for measuring flow rate of the type
comprising |

an impeller rotatably mounted in the conduit, around an axis which is‘ substantially
f)arallel to the axis of the conduit and having a plurality of vanes to be hit by a flow of said
fluid to make the impeller rotate with an angular speed which is a function of the flow rate
of said fluid,

detector means associated with the impeller and arranged to provide electrical signals
indicating the angular speed thereof, and |

a diffuser provided upstream of the impeller and defining a plurality of passages for
dividing said flow into a plurality of reduced flows and directing the latter toward the vanes

of the impeller, such as to make the impeller rotate in a predetermined direction.

A flow measuring device of this type is described for example in European patent application
EP 0 599 341 A2. In the solution described in that document, the impeller has a plurality of
helical vanes and the associated diffuser also comprises a plurality of helical vanes, which

are oriented in the opposite direction with respect to the vanes of the impeller.

The construction of impellers and diffusers provided with such helical vanes is relatively

complex and expensive.
One object of the present invention is to provide a measuring device of the flow rate of a
fluid and in pafticular a liquid, which has a simple structure that may be constructed in an

easy and economical way and with a precise and reliable operation.

This and other objects are achieved according to the present invention with a flow measuring
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device of the above-defined type, characterized in that the ‘impellver has

a first axial portion close to the diffusor and provided with said vanes, which are
substantially flat and lie in respective radial planes with respect to the aforementioned axis,
and

a second axial portion far from the diffuser and having a radial size greater than that
of said first axial portion and to which said detector means are associated; and

in that the diffuser forms a plurality of peripheral passages which extend in respective
planes parallel to said axisvand inclined in a same direction around said axis; each passage
having a longitudinal inlet portion, at least approximately parallel to said axis and a
transverse outlet portion laterally facing said first axial portion of the impeller in a manner
such that in operation, the outlet portions of said passages of the diffuser direct towards the
vanes of the impeller the corresponding flows of fluid in non-radial directions inclined in a

same direction around said axis. =

Further features and advantages of the invention will become apparent from the detailed
description that follows, provided by way of non-limiting example with reference to the
accompanying drawings, in which: |

- figure 1 is a sectional partial view of a measuring device of the flow rate of a fluid
according to the present invention (the view being sectioned substantially on the line I-I of |
figure 5);

- figure 2 is a partial perspective view, partially sectioned, of the flow measuring device
according to figure 1;

- figure 3 is a perspective view of a diffuser comprised in the flow measuring device
according to the preceding figures;

- figure 4 is a perspective view of an impeller for use in a flow measuring device
according to the invention;

- figure 5 is a sectional view substantially along the line V-V of figure 1;

- figure 6 is a partial view in axial section of another measuring device of the flow rate
of a fluid according to the present invention; and

- figure 7 is a sectional perspective view of a diffuser comprised in the flow measuring

device according to figure 6.
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The drawings indicate collectively at 1 a measuring device of the flow rate of a fluid, in

particular a liquid, according to the present invention.

In figure 1, the flow measuring device 1 is shown mounted in a conduit or inlet connector C
of an electric valve EV of a per se known type, for example an electric valve for loading
water in the washing chamber of a washing machine or dishwasher. Such
application/embodiment is, however, purely illustrative and not exhaustive of the scope of

protection.

In the embodiment illustrated in figures 1 and 2, in the conduit C, downstream of the flow
measuring device 1, a transverse shoulder 2 is defined, against which a support device,
indicated collectively at 3, abuts. This device comprises a peripheral ring 4 connected by a
plurality of spokes 5 to a central hub 6, in which an axial cavity is made wherein a support

pin 7 is mounted. These spokes have lateral surfaces 5a parallel to the axis of the conduit C.

Between the spokes 5 of the support element 3, Iﬁassages 8 are defined for the flow of liquid
directed toward the electric valve EV. The lateral surfaces Sa parallel to the axis of the

conduit C allow to straighten/linearize the output flow from the flow measuring device 1.

The. flow. measuring device 1 also cdmprises an impeller indicated collectively at 10 in
figures 1, 4 and 5. An alternative embodiment of the impeller 10 is illustrated in figure 8,

which will be described later.

In the embodiment according to figures 1, 4 and 5, the impeller 10 comprises a central hub

11 in which an axial passage 12 is made, into which the rotary support pin 7 extends.

In a first axial portion 10a of the impeller 10 from the hub 11 a plurality of substantially flat
vanes 13 extend radially, lying in planes passing through the axis of rotation X-X of the
impeller 10 (figure 1). This axis is substantially parallel to the axis of the portion of the

conduit C in which the flow measuring device 1 is mounted.

As will become clearer from the following, the vanes 13 of the impeller 10 are intended to
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be hit in operation by flows or jets of liquid flowing in the conduit C, in a manner such that
said impeller 10 rotates with an angular velocity that is a function of the flow of liquid which

passes through the conduit.C.

As may be seen in ﬁgures 1 and 5, in the exemplary embodiment illustfated, the impeller 10
is made with an inner body 14 in molded plastic material, on which is molded an outer body

14, also of plastic material.
It is moreover possible to make the impeller also of a single piece of plastic material.

In a manner known per se, at least one permanent magnet 16 is mounted or incorporated in
a second axial portion 10b of the impeller 10 (figure 1). At least one mass 19 may be mounted
on or incorporated into-said second axial portion of the impeller 10, to achieve its dynamic
balancing. The second axial portion 10b of the impeller 10 appropriatély has radial

dimensions greater than the first axial portion 10a.

To the imf)eller 10 is also associated a magnetic field detector device 17 (figure 1), adapted
to detect the passage, in the vicinity of it, of the permanent magnet or magnets 16 and to
cofrespondingly provide an electric signal, a characteristic of -which (for example the
frequency of pulses) is indicative of the angular speed of said impeller.. This detector device

17 may comprise, for example, a Hall effect sensor.

As an alternative to the solution described above, the detection of the angular speed of the
impeller 10 may be implemented by other means known per se, for example, by optical

means.

With reference in particular to figures 4 and 5, in the embodiment illustrated, to each radial
vane 13 of the impeller 10 a respective molded end appendix 18 is connected in the second

axial portion 10b of said impeller.

The end appendixes 18 of the impeller 10 have respective flat surfaces 18a that extend in-a

plane essentially orthogonal to the axis of the impeller 10 and which are connected to the
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corresponding radial surfaces 18b (see in particular figure 4), inclined to the same extent and

in the same direction around the axis of the impeller 10.

The surfaces 18a and 18b form steps which extend circumferentially in the same direction,

each from one flat radial vane 13 of the impeller towards the next flat radial vane 13.

As seen in figure 4, the end appendixes or projections 18 associated with the vanes 13
protrude radially beyond the flat radial vanes 13 whereby, as said above, the second axial

portion 10b of the impeller 10 is radially larger than the first axial portion 10a.

The function of the end appendixes or projections 18 of the impeller 10 will be described

below.
The flow measuring device 1 also comprises a diffuser indicated collectively at 20.

In the embodiment according to figures 1 to 5, the diffuser 20 comprises a general body of
substantially cylindrical shape, mounted in the conduit C immediately downstream of the

impeller 10, in the vicinity of the first axial portion 10a of the latter, for example by pressfit.

As best seen in figures 2 and 3, the diffuser 20 has a plurality of peripheral longitudinal
grooves 21, which extend toward the impeller 10 from the end surface 20a of the diffuser 20

facing the entrance of the conduit C.

On the side facing the impeller 10, the body of the diffuser 20 defines a central recess,
indicated at 20b in figure 2 (where the impeller is not illustrated, to allow a better view of
fhe structure of the diffuser 20). The recess 20b is defined between an inner transverse
surface 20c of the diffuser and the annular inner surface 20d of the correspondingly annular

wall 20e of the end of the diffuser 20 facing the impeller 10.

In the central part of the internal transverse wall 20c of the diffuser 20 a recess 20f is made,
which extends into the axial end 10¢ of the impeller 10 facing the entrance of the conduit C

(figure 1).
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Appropriately, from the bottom transverse wall of the notch 20f of the diffuser 20 a
protrusion 20g with a tapéred shape extends toward the impeller 10 for example in the form
of a spherical sector, which extends a short distance from the end 10c¢ of said impeller 10, as
seen in figure 1. The impeller 10 is appropriat-ely mounted in an axially floating manner
along the support pin 7, and the protrusion.‘ 20g of the diffuser 10 allows, within
predetermined limits, the extent of its axial movements to be mainfained. Advantageously,

this solution allows for the reduction of friction and wear.

The grooves 21 of the diffuser 20 combine to define, as will appear more clearly from the
following, a corresponding plurality of passages adapted to place in communication the
region upstream ,of such diffuser with the downstream region, in which is located the
impeller 10, and appropriately direct the liquid flow at least partially towards the first axial
portion 10a of the impeller 10 and in particular toward the flat radial vanes 13. In particular,
each longitudinal groove 21 defines an inlet portion of the respective passage, which is
delimited between a radially outer solid surface 21a formed on the conduit C and a radially

inner solid surface 21b formed on the diffuser 20.

In the illustrated embodiment, the grooves 21 of the diffuser 20 extend in respective planes
parallel to the axis X-X of rotation of the impeller 10, which also represents the longitudinal
axis of such diffuser 20. In particular, the grooves 21 extend in respective planes that are

inclined in the same direction around said axis X-X (see figures 2 and 3).

As seen in ﬁgures 2, 3 and 5, the longitudinal grooves 21 extend near the end of the diffuser
20 facing the impeller 10, near which they connect with each other via corresponding
transverse passages 22, coplanar to them respectively. Each transverse passage 22 is
delimited on the radially outer side from the radially outer solid surface 21a formed on the

conduit C, and in the axial direction between opposing solid surfaces formed on the diffuser
20.

As may be seen in particular in figure 5, the transverse passages 22 are directed substahtially

along non-radial directions, inclined in a same direction around the axis of the impeller 10.
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As seen for example in figure 2, preferably the grooves-21 of the diffuser 20 do not have a
uniform depth, but their cross-section is reduced gradually in the direction of the associated

passages 22, to speed the flow of the fluid which passes through them.

By effect of the presence of the diffuser 20, the flow of liquid, which in operation enters the
conduit C, is divided into a plurality of reduced flows, which propagate axially in the grooves

21 and tangentially in the transverse passages 22 of such diffuser.

The transverse passages 22 therefore emit nearly tangential flows or jets that at least partially
hit the flat radial vanes 13 of the portion 10a of the impeller 10, as may be appreciated by

observing in particular figures 1 and 5.

The total liquid flow that hits the impeller 10 passes over the latter, through the gaps defined
between consecutive pairs of vanes 13 and propagates finally through the openings 8 of the
support device 3 (figure 1), in the direction of a user device, such as the electric valve EV of

figure 1.

The end appendixes 18 of the second axial portion 10b of the impeller 10 confer overall to
the vanes of the same a configuration essentially in the form of an L, which allows the risks

of cavitation to be reduced and the turbulence to be mitigated.

Figures 6 and 7 show a variant of embodiment. In these figures, parts and elements identical
or functionally corresponding to parts and elements already described have again been

attributed the same alphanumeric references used previously.

In the variant according to figures 6 and 7, the diffuser 20 comprises an essentially
annular/tubular body 30, that, on the side facing the inlet of the liquid, has a series of

essentially L-shaped notches 31, the function of which will be described later.

Between the L-shaped notches 31 in the body wall 30, longitudinal grooves 21 are made,
functionally similar to the grooves 21 of the diffuser according to the embodiment of figures

1to 5.
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The body 30, on the side facing the impeller 10, has a thickening 30a (figure 7) of its wall,

which protrudes radially towards its axis.

The grooves 21 are connected with corresponding transverse passages 22, similar to the

analogous transverse passages 22 of the diffuser according to figures 1 to 3.

Also in the embodiment according to figures 6 and 7, the grooves 21 and the passages 22
will extend appropriately in respective planes parallel to the axis of the diffuser of the

impeller and inclined in a same direction around such axis.

In the embodiment according to figures 6 and 7, a plug-like closing body 32, externally
provided with protrusions 33, is inserted into the body 30, with bayonet coupling of such

protrusions 33 in the L-shaped notches 31 of said body 30.

The plug-like closing body 32 has a reduced axial extension compared to the body 30 and
abuts the thickened portion 30a of this body.

In this embodiment, the body 30 and the plug-like closing body 32 of the diffuser 20 combine
to define the passages for the flow of fluid.

In particular, each longitudiﬁal groove 21 defines an inlet portion of the respective passage,
which is delimited between a radially outer solid surface 21a formed on the body 30 of the
diffuser 20 and a radially inner solid surface 21b formed on the plug-like closing body 32 of
the diffuser 20.

Each transverse passage 22 is delimited on the radially outer side from the radially outer
solid surface 21a formed on the body 30, and in the axial direction between opposing solid

surfaces formed on the body 30 and on the plug-like closing body 32 of the diffuser 20.

In the lower side of the plug-like closing body 32 (figure 6) the recess 20f is appropriately
made, with the associated protrusion 20g, intended to limit the axial movement of the

impeller 10 relative to the rotary support pin 7.
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For the rest, the embodiment according to figures 6 and 7 corresponds, also functionally, to

the embodiment illustrated previously with reference to figures 1 to 5.

In relation to the version according to figures 6 and 7, it is again noted that the body 30 may

possibly be made integral, that is in one piece, with the conduit C.

Naturally, without altering the principle of the invention, the embodiments and the details of
construction may vary widely with respect to those described and illustrated purely by way
of non-limiting example, without thereby departing from the scope of the invention as

defined in the appended claims.
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CLAIMS

1.  Device (1) for measuring the flow rate of a fluid, in particular a liquid, in a conduit
(C); comprising

an impeller (10) to be rotatably mounted in said conduit (C), around an axis (X-X)
which is substantially parallel to the axis of the condﬁit (C), and having a plurality of radial
vanes (13) to be hit by a flow of said fluid for making the impeller (10) rotate with an angular
speed which is a function of the flow rate of said fluid, and

detector means (16, 17) associated with the impeller (10) and arranged to provide
electrical signals indicating the angular speed thereof;,

upstream of the impeller (10) there being provided a diffuser (20) defining a plurality
of passages (21, 22) for dividing said flow into a plurality of reduced flows and directing
said reduced flows toward the vanes (13) of the impeller (10), such as to make the latter
rotate in a predetermined direction; _

the device (1) being characterized in that the impeller (10) has

a first axial portion (10a) close to the diffusor (20) and provided with said vanes.(13),
which are substantially flat and lie in respective radial planes with respect to said axis (X-
X), and

a second radial portion (10b) which is remote from the diffuser (20) and has a radial
size greater than that of said first axial portion (10a), and with which said detector means
(16, 17) are associated; and

in that the diffuser (20) defines a plurality of peripheral passages which extend in
respective planes parallel to said axis (X-X) and inclined in a same direction around said
axis (X-X); each passage (21, 22) having a longitudinal inlet portion (21), at least
approximately parallel with said axis (X-X) and a transverse outlet portion (22) laterally
facing said first axial portion (10a) of the impeller (10) such that in the operation the outlet
portions (22) of said passages (21, 22) direct towards the vanes (13) of the impeller (10)
corresponding flows or jets of fluid in non-radial directions inclined in a same sense about

said axis (X-X).

2. Device according to claim 1, wherein each passage (21, 22) is defined by a radially

outer solid surface formed on the diffuser (20) or on the conduit (C), and wherein the
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longitudinal inlet portion (21) of each outlet passage (22) is furthermére delimited by a
radially inner solid surface formed on the diffuser (20), in such a way that each reduced flow
propagates axially in the longitudinal inlet portion (21) of the respective passage, and

tangentially in the longitudinal outlet portion (22) of the respective passage.

3.  Flow-rate measuring device according to claim 1, wherein the longitudinal inlet
portions (21) of said passages (21, 22) of the diffuser (20) have a cross-section which tapers

towards the associated transverse outlet portions (22) of said passages (21, 22).

4. Flow-rate measuring device according to one of the preceding claims, wherein said
longitudinal inlet portions (21) of the passages (21, 22) of the diffuser (20) are formed as
peripheral grooves (21) of said diffuser (20).

5. Flow-rate measuring device according to any of the preceding claims, wherein the
diffuser (20) comprises an annular body (30) intended to be fixed in the conduit (C) in a
position upstream of the impeller (10), and wherein said peripheral passages (21, 22) of the

diffuser (20) are provided in the internal surface of said annular body (30).

6.  Flow-rate measuring device according to claim 5, wherein in said annular body (30)

there is fixed a plug-like closing body (32).

7.  Flow-rate measuring device according to one of the preceding claims, wherein in said
second axial portion (10b) of the impeller (10) with the vanes (13) join respective step-like
end appendixes or projections (18) which protrude circumferentially in a same sense, each

one from a radial vane (13) towards an adjacent radial vane (13).

8.  Flow-rate measuring device according to claim 7, wherein said end appendixes or
projections (18) of the impeller (10) have respective coplanar flat surfaces (18a) lying in
planes which are essentially orthogonal to the axis of the impeller (10) and which adjoin
corresponding inclined radial surfaces (18b) slanted in a same sense with respect to the axis

of the impeller (10).
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9.  Flow-rate measuring device according to claim 6 or claim 7, wherein said appendixes
or projections (18) of the impeller (10) protrude radially beyond the corresponding radial
vanes, (13) of the impeller (10).

10. Flow-rate measuring device according to one of claims 7 to 9, wherein said detector
means (16, 17) include at least one permanent magnet (16) carried by one of the appendixes

or projections (18) of the impeller (10).

11. Device according to one of the preceding claims, further comprising a support (4)
arranged downstream of the impeller (10) and comprising a plurality of spokes (5) having
side surfaces (5a) parallel to the axis of the conduit (C), between which are defined passages
(8) for the flow of fluid.
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