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(57) Abstract: Fluid flow meters and methods for
measuring different aspects of fluid tflow with a
non- contact sensor are provided. In some cases a
fluid flow gear meter is provided with a fluid
chamber that i1s sealed with a cover portion carry-
ing the non-contact sensor. An optional separation
member may be located between the cover portion
and the chamber to seal the chamber. In some
cases the cover portion and/or separation member
are configured to transmit visible light to allow
viewing of the fluid chamber, through material se-
lection and/or the presence of viewing cavities
within the material. The flow meter 1s optionally
configured to prevent or reduce the transmission
of ambient environmental radiation into the flow
meter to lessen the likelihood that it may adversely
affect an optical non-contact sensor used to detect
movement of gears within the chamber.
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FLUID FLOW METER

FIELD

[0001] The invention relates to a positive displacement fluid flow meter. More
specifically, the invention relates to a gear tflow meter incorporating a non-contact

sensor and methods of use of such devices.
BACKGROUND

[0002] Positive displacement fluid measurement systems can be used to measure a fluid
[low rate or volume. For example, dispensing systems can use [eedback [rom a positive
displacement fluid meter to control the volume of fluid dispensed. Such control
systems can be used 1n lieu of time-on controls to more accurately dispense precise

amounts of fluid.

[0003] One type of positive displacement fluid measurement system is a gear flow
meter, €.2. an oval gear or lobe meter. A traditional oval gear meter provides a pair of
oval gears positioned within an oval gear chamber such that the gears rotate in concert.
A lobe meter, provides a pair of lobe elements within a chamber which interlock and
rotate about respective axes. In each case, tluid enters the chamber through a fluid inlet
and causes the gears to rotate, allowing fluid to pass around the gears to a tfluid outlet
within precisely measured pockets. In an oval gear meter, the pockets are defined
between the rotating oval gears and the inner chamber wall. In a lobe meter, spaces
between the lobes of provide the pockets. Ideally, 1n each case, none of the fluid being
metered passes directly between the gears themselves, so that the volume of fluid
exiting the chamber during each rotation 1s known. Thus the volume of fluid tlow
through a gear meter can be measured by measuring the number of rotations of the
ogears. Likewise flow rate can be determined trom the speed with which the gears

rotate.
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[0004] For measuring the gear rotation, gear meters frequently include additional gears.
For example, an oval gear meter can include timing gear systems located external of the
chamber to translate the number of rotations of the oval gears into an appropriate signal.
Oval gear and other positive displacement flow meters utilizing timing gear systems
usually have a gear chamber that includes one or more shaft apertures for the shafts
coupling the gears to the external timing gears. Using more recent developments, some
gear meters instead use a non-contact sensor placed outside a substantially sealed
chamber to determine gear movement within the chamber. For example, magnetic and
optical sensors have been incorporated into gear flow meters to measure gear movement

without the need for openings or apertures within the gear chamber.

[0005] Fluid flow gcar mcters arc uscd 1n a varicty of applications in which it 1s
desirable to measure the flow of small volumes of tluids. Thus, gear meters can be
exposed to ditferent types of fluids, require ditferent measurement capabilities, and be
placed in different environmental conditions depending on the particular application.
(Gear meters may also employ one or more of a variety of measurement technologies.
Accordingly, fluid flow meter design must account for a large number of changing

conditions among different applications.

SUMMARY

[0006] Embodiments of the invention provide devices and methods for measuring

difterent aspects of tluid tlow, such as a tlow volume, direction, and/or tlow rate.

[0007] According to one aspect of the invention, an embodiment of the invention
provides a flow meter for measuring tluid. The flow meter includes a housing that
defines a chamber having a fluid inlet and a fluid outlet. The housing also has a cover
portion and a separation member positioned between the cover portion and the chamber.
The separation member has a continuous interior surtace that provides a wall of the
chamber. The flow meter also includes two gears installed within the chamber that are

rotatable about axes of rotation 1n response to fluid flow through the chamber. The flow
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meter also includes a non-contact sensor that 1s carried by the cover portion and located
outside of the chamber. The non-contact-sensor 1s configured to detect movement of at

least one of the gears.

[0008] According to another aspect of the invention, a flow meter 1s provided for
measuring fluid. The flow meter includes a housing that defines a chamber having a
{luid 1nlet and a (luid outlet. Installed within the chamber are [irst and second gears that
are rotatable about respective first and second axes of rotation 1n response to tluid flow
through the chamber. A non-contact sensor that 1s configured to detect movement of at
least one of the first and second gears 1s located outside of the chamber. The housing
includes a cover portion with an exterior surtace and an interior surtace that torms a
wall of thc chambcer. 'T'he cover portion includces a cavity that cxtends into the cover
portion from the exterior surface but not through the interior surface. The cavity allows
discernment of the first and the second gears through the cover portion from outside the

housing.

[0009] According to another aspect of the invention, an embodiment provides a flow
meter for measuring fluid that includes a housing, first and second gears, an optical
sensor, and an optical filter. The housing includes a base portion that defines a chamber
with a fluid 1nlet and a fluid outlet. The housing also includes a separation member
adjacent the base portion that includes a continuous interior surface forming a wall of
the chamber. In addition, the housing includes a cover portion adjacent an exterior
surface of the separation member. The first and second gears are 1nstalled within the
chamber and are rotatable about respective first and second axes of rotation in response
to tluid tlow through the chamber. The cover portion carries the optical sensor, which
includes an emitter configured to emit radiation 1n a sensor wavelength range and a
detector configured to detect radiation 1n the sensor wavelength range. At least a
portion of the separation member 1s substantially transparent to the sensor wavelength
range to allow sensor wavelength radiation to pass through the separation member. The
optical filter includes a material that is substantially opaque to the sensor wavelength

range. The optical filter 1s positioned to limit radiation within the sensor wavelength
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range from entering the chamber trom outside the tlow meter. In addition, the
separation member includes a first material and the cover portion includes a second
material ditferent from the first material. The separation member and the cover portion
transmit a sufficient amount of visible light such that the first and the second gears are

discernable through the cover portion and the separation member.

[0010] According to another aspect of the invention, a method [or measuring a [luid 1s
provided. The method includes providing a flow meter having a chamber 1n fluid
communication with a fluid source. The flow meter includes an optical sensor outside
of the chamber. The chamber includes a fluid inlet, a fluid outlet, first and second
ocars, and a wall with at least a portion ot the wall being substantially transparent to a
scnsor wavcelength range. 'The method turther includces dispensing the tluid through the
chamber, thereby causing the first and the second gears to rotate as the fluid passes
through the chamber from fluid inlet to fluid outlet. The method also includes reducing
transmission from outside the flow meter into the chamber of radiation in the sensor
wavelength range, emitting radiation in the sensor wavelength range into the chamber
with the optical sensor, and detecting radiation in the sensor wavelength range from the
chamber with the optical sensor. Rotation of the first and/or second gear 1s measured

based on the detected radiation, and a measure of the fluid 1s calculated based upon the

measured rotation.

[0011] Some embodiments of the invention can provide one or more of the following
optional features and/or advantages. (Certain embodiments employ an optical sensor
that measures rotation of one or more gears. In some cases, an optical filter 1s provided
to filter ambient radiation from the surrounding environment. Such capability may
improve performance of the optical sensor. The optical filter 1s in some cases located
on an exterior surface of the flow meter housing, but may also or instead be located on
an interior surtace. For example, in some cases the optical filter 1s located on a

separation member that forms a wall of the housing chamber.
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[0012] Certain embodiments provide a gear meter that can be modified depending upon
the contemplated application. For example, 1n certain cases a flow meter is provided
with a removable or interchangeable separation member. The separation member can
form a wall of the fluid chamber and 1in some cases separates the fluid chamber from a
non-contact sensor adapted to measure rotation of one or more gears within the fluid
chamber. In some cases an exterior cover portion secures the separation member to the
housing. In such cases the composition of the separation member can be selected to
achieve a desired compatibility with a particular fluid tlowing through the chamber
without necessarily requiring certain physical characteristics which can instead be
provided by the exterior cover portion. In some cases a separation member currently 1n
use may be replaced by one of a number of interchangeable separation members. Such
capability can be usetul to, tor example, replace a degraded or worn out part, or to adapt

the tlow mcter tor a diffcrent application.

[0013] Certain embodiments of the invention allow direct viewing of one or more gears
of the meter from outside the meter housing. Such capability can be useful, for
example, to allow visual inspection of the device operation and/or to confirm sensor
outputs. In some cases the material for a fluid tlow meter housing is chosen to at least
allow an operator to discern movement of the gear meters within the chamber. For
example, one or more parts of the meter housing may be formed from a translucent or
transparent material. In some cases visibility 1s enhanced by one or more cavities 1n the

cover portion of the meter, which provides a thinner section of material to view through.

[0014] These and various other features and advantages will be apparent from a reading

of the tollowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The following drawings are illustrative of particular embodiments of the present
invention and therefore do not limit the scope of the invention. The drawings are not to

scale (unless so stated) and are intended for use 1n conjunction with the explanations in
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the following detailed description. Embodiments of the present invention will

hereinafter be described in conjunction with the appended drawings, wherein like

numerals denote like elements.

[0016] FIG. 1 is an exploded, perspective view of a flow meter according to an

embodiment of the invention.

[0017] FIG. 2 1s a side cross-sectional view of the flow meter of FIG. 1.

[0018] F1G. 3 1s a plot of transmittancc versus wavelength for scveral matcrials usctul

1n embodiments of the invention.

[0019] FIG. 4A 1is a side cross-sectional view of a flow meter including an optical filter

according to an embodiment of the invention.

[0020] FIG. 4B 1s a perspectlive cross-sectional view ol a [low melter including an

optical filter according to an embodiment of the invention.

[0021] FIG. 4C 1s a perspective cross-sectional view of a separation member including

an optical filter according to an embodiment of the invention.

[0022] FIG. 5 is a side cross-sectional view of a cover portion including an optical filter

according to an embodiment of the invention.

[0023] FIG. 6 is a plot of transmittance versus wavelength for an optical filter useful in

embodiments of the invention.

[0024] FIG. 7 1s a perspective view of a flow meter according to an embodiment of the

invention.

[0025] F1G. 8A 1s a perspective view of a cover portion according to an cmbodiment of

the 1nvention.

[0026] FIG. 8B is a top view of the cover portion of FIG. 8A.
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[0027] FIG. 8C 1s a side cross-sectional view of the cover portion of FIG. 8A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] The following detailed description is exemplary in nature and is not intended to
limit the scope, applicability, or conliguration ol the invention 1n any way. Rather, the
following description provides some practical illustrations for implementing exemplary
embodiments of the present invention. Examples of constructions, materials,
dimensions, and manufacturing processes are provided for selected elements, and all
other elements employ that which 1s known to those ot ordinary skill in the field of the
invention. ‘Thosc skilled 1n the art will recognize that many of the noted cxamplces have

a variety of suitable alternatives.

[0029] The term “fluid™ 1s used herein to identify any continuous substance that tends
to flow or conform to the outline of its container. For example, the term fluid
encompasses liquids and gasses. One application of embodiments of the invention 18
for liquids such as liquid products and chemicals used in cleaning, washing,

disintecting, rinsing, or the like.

[0030] FIG. 1 is an exploded, perspective view of a flow meter 100 according to an
embodiment of the invention. I'l(5. 2 provides a side cross-sectional view of the flow
meter 100. As shown in the figures, 1in this embodiment of the invention the flow meter
100 has a housing that includes a base portion 102 and a cover portion 104. The base
portion defines a fluid flow chamber 106 that includes a fluid inlet 108 and a fluid outlet
110. First and second gears 112, 114 are mounted within the chamber 106 and rotate

about respective first and second axes of rotation in response to fluid flowing through

the chamber 106.

[0031] The housing also includes a separation member 120 that is positioned adjacent
the base portion 102. The separation member 120 includes a continuous 1nterior surface
128 that forms a wall of the chamber 106. The separation member 120 1s positioned

between the cover portion 104 and the chamber/base portion. The cover portion 104 1s
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secured to the base portion 102 using a number of fasteners such as screws or bolts (not
shown). Two sealing members 122 (e.g., elastomer o-rings) fit against the interior 128
and exterior 126 surfaces of the separation member, between the base portion and the
separation member and the cover portion and the separation member, respectively, to
further seal off the fluid chamber 106 from the cover portion 104. Although not shown
in FIGS. 1 and 2, the flow meter 100 also includes a non-contact sensor (e.2., an optical
or magnetic sensor) configured to detect movement of the one or more of the gears. In

this example the non-contact sensor 1s carried within a cavity 124 of the cover portion

104, outside of the fluid flow chamber 106.

[0032] In general, the tlow meter 100 can be coupled into a fluid flow stream to
quantily onc or morc charactcristics of the tluid tlow. As tluid centers the chamber 106,
the gears 112, 114 (in this example oval gears) turn and sweep out and trap a precise
volume, or pocket, ot the tluid against an inner wall of the chamber. Because the
chamber wall coincides with the arc of the major vertex of the gears throughout their
rotation, this pocket of fluid i1s trapped between the chamber wall and the surface of the
ogear along the gear’s minor axis and swept from the tluid inlet 108 to the fluid outlet
110. Moreover, because the oval gears 112, 114 are in contact throughout their entire
rotation, no fluid passes between the gears. Thus, by this action, the volume of tluid
flowing through fluid outlet is metered according to the known pocket volume.
Characteristics such as total volume, flow rate, and flow direction can then be measured

based rotation of the gears as the pockets are filled and emptied.

[0033] Each oval gear 112, 114 generally comprises a rigid material such as plastic or
metal. Because the gears come into contact with the metered fluid, the choice of gear
material can depend upon the tluid being metered. One possible consideration can
include the durability of the gear material with respect to corrosive fluids. For example,
with high concentration detergents, sanitizers, or rinse aids the gears can comprise
molded or machined plastic such as Poly-Ether-Ether-Ketone (PEEK) about a ceramic
axle. Other potential gear materials include crystallized plastics such as ULTEM,

which has a high durability, high temperature tolerance, low thermal expansion, low
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moture ahsorption, and s chemically nert, Additional materials can include RY TON

And melade such as A6 SN

[Q034] Of course, a wide variety of eears can be used in different embodiments of the

mvention. The selection of gear designs can depend upon the propertics of the fluid

Peing metered. Forexample, a high viscosity fuid is less ikely o cause shippage

between traction gears, so smooth gears may be appropriate, In contiast, fow viscosily

YR
H
:
ot
P

andfer high lubricity fluds may require the use of intermeshing gears, Moreover,

Lo How meters incorporating oval-shaped gears, the invention is not Himited 1o such
cmbodiments, One of vrdinary skill in the art can appreciate tat this invention cun be
practiced with a variety of positive displacement based flow maeters. Pmbodiments of
the mvention ace readily aduptable by one of ordinary skill to sny positive displacement

How meter which operates by the delivery of diserete pockets of Thiid per rotation of 4
How meter element. For example, o lobe mcter, whichois a positive displacement flow
meter which uses interlocking, lobe-shaped gear meter clements o pass fived volume

pockets of Huid through a chamber, can be adapied accordiny o embadiments of the

TN e o,

[OOAS] Various types of non-contacl sonsors can 14 o wporaded fndo the How metler
FOOY to sense movement of the gears 112, 11 fram eutside the Tuid chamber 186, Por
example, 10 some Cases one or more of the sears includes @ permanent maenct 1. the
Cirtpger pear ) and the non-contact sensor is g magnelic (e, magnelo-eaclived sensor.
One example of g sintable magnetic sensor s deseribed in commonly-owned 1S,
Patent No, 7,523,660

Ax the trigeer pear rotates inresponse 1o fuid flow, the muagnetic Hickd gencrated by the
permanent magnet aisarolates. A magnetic sensor such as a GMR sensor {giant

g ncto reastanee cHect sensord senses rotation of the magnete Tield and generates
corresponding cutput sigaal, Thus movement of the gears and the corresponding Huid
How can be quantified, One or more GMR sensor elements may be used 10 moaitor

rotatton of the tngeer wheel, One example of g suttable GME sepsor is a GMER SO

CA 2803251 2017-12-06
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vadve bridoe sensor available from NV corporation with wdentification No. NVE AAY
HOT T and AAV OD2 1L OfF course this i a brief overview of the operation of such a
muaznetic sensor und those skibled i the art will gppreciate that o number of details are
omitied here for brevity, In addivion, other types of magnetic sensors Knowe i the an

oy alsa be emploved with the fhow meter THHY

[O36] I some cmbodiments, the noa-contact sensor is prosvided as an aptival sonsis
One example of a suitahle pon-contact optical sensor i deseribed in commoniv-owned
LS. Patent Application Sero Noo T2368 301, iled February 11 2009

In some cases a least a portion of the
separation member 1200 1s substantally transparent o g sensor waveleneth range used
by an optical sensor positioned adjacent an exterion surface 126 of the separation
member, providing g view of the rotating gears throueh the separation moember 120
The optical sensor can view an eptical charsacieristic of one or both of the aears, and

s .-

based apon this diga, Huid volume, Tlow rate, andfor flow direction can be determined.

4

[BD37] The opical sensor can be any sensor capable of detecting the optical property of
the gvars used to determine the gears rotationad position. Sensors adapied (o measu
cenctally any oplical propedty can be used 1ncleding, for example, wotlectance or
ramsnittance. I some preforred eonboediments, the é}é;’?i- wal property i reliectance.
Reflectanee can be measured by an optical sensor including an cmitter, which omits
heht energy et ene or arange of wavelengths and acdetecior which is positioned 1o

reveive seflected Tight of ol op a portion of the range of emitted wavelengths, The Huht

w.
&,

f

enerey cun be clectromugnetic radhatyon of gencrally any waselength, for example, 'V,
visthle, mtrared and other Bight can be used, Insome preferred embodiments infrared
tght can be used, For example, i some embodiments, reflectance is measured with a
Gt sy QRBH S avardable from Dabrehiid Semics %-'E%ii'il;;‘&i"n{' Interpational, Ine, (ther
sudable reflectve somsors indiude a Y30 nm BE-SY 123 sonsor, 0 920 nm B
SYMO/SY 4 sonsor, and a 24 am BE-NY 171 sensor, all available from Omron

Ciectromic L omponents TLU Other suttable selfective sensors include o OPBODBGE

sensor avadable from OPFTEC, 0 QR 3GR sensor available from bairchild

CA 2803251 2017-12-06
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Semiconductor, and a CNB 1001 sensor available from Panasonic. In principal, higher
sensor resolution can be achieved with shorter wavelength and more focused light
energy. Using an ultraviolet (UV) emitter and/or laser, can provide such improved

resolution.

[0038] In cases in which an optical sensor is employed, one or more of the gears 112,
114 can include a distinctive opuical characteristic viewable by the sensor through the
separation member 120. For example, the distinctive optical characteristic can be
located on the top surface of the gears, adjacent to an interior surface 128 of the
separation member 12(). The distinctive optical characteristic can be any indication
which results in the optical sensor registering a reading ditferent from when the
charactcristic 18 not in vicw. For cxamplc, the top surtacc of cach of the gecars may have
a different optical retlectance pattern at the sensor wavelength due to the use of
ditferent colors, materials of different retlectivity, or the use of one or more discrete

dots on the surface of the gear(s).

[0039] For embodiments employing an optical sensor, the separation member 120
preferably comprises a material that 1s substantially transparent to radiation within the
sensor wavelength range. For example, in some cases all ot the separation member 120
may be substantially transparent in the sensor wavelength range. In certain
embodiments, just a portion of the separation member 120 (e.g., a window or lens) may
be substantially transparent 1n the sensor wavelength range. The separation member
120), optical sensor, and gears/chamber are preferably aligned to provide the optical
sensor with an unimpeded view of at least part of the gears through a portion of the
separation member substantially transparent to the sensor wavelength range. The sensor
wavelength range includes wavelengths of radiation transmitted by the sensor emitter
and detected by the sensor detector. For example, an optical sensor operating 1n a
sensor wavelength range including near infrared radiation may utilize wavelengths
ranging from about 700 nm to about 1100 nm or longer. Of course it will be

appreciated that other wavelength ranges can also be used.
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[0040] The term *“*substantially transparent’ 1s used herein to describe a material for the
separation member 120 that allows transmission of radiation into and out of the fluid
chamber 106 to a sufficient degree such that the optical sensor 1s able to adequately
detect motion of the gears based on the emitted and reflected radiation. Accordingly,
the material need not transmit all or nearly all radiation within the sensor wavelength
range, though 1n some cases i1t may approach this limit. In certain applications a
material with a lower transmittance rating may be sufficient to enable adequate
performance of the sensor, and such a material 1s considered substantially transparent 1n

the sensor wavelength range for purposes of this description.

[0041] FIG. 3 1s a plot 300 showing the transmittance characteristics of several
matcrials that may bc usctul for the scparation member 120 when the sensor wavelength
range 1S between about 700 nm and about 1100 nm or more. Most of the materials
exhibit a transmittance of at least S0% 1in this range, a few at least 60%, and others at
least 80% transmittance. Examples of materials that may be suitable for transmitting
radiation in the 700 nm to 1100 nm range include glass, sapphire, borosilicate,
polymethylpentene, polysulfone, polyetherimide, polypropylene, polycarbonate,
polyester, PVC and acrylic glass. Of course varying levels of transmittance may be
required or permitted by performance characteristics of the optical sensor, and it 18

possible that even lower transmittance ranges may be sufficient for extremely sensitive
optical sensors and higher transmittance ranges may be necessary for less effective

SCISOTS.

[0042] The separation member 120 can be formed from a number of materials
depending upon one or more design factors for a particular embodiment. As just a few
examples, some criteria that may atfect the choice of material for the separation
member 120 include the particular fluid passing through the chamber 106, the pressure
of the fluid flow, cost factors, and/or, In cases using an optical sensor, transparency
criteria for the optical sensor wavelength range. For example, the separation member
120 should be made from one or more materials that are compatible and sufficiently

chemically inert with respect to the tfluids tflowing through the chamber. For
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applications involving chemicals having a high pH, a low pH or strong oxidizers, the
separation member 120 can, for example, be made from a very inert material like
commercial grade clear sapphire or borosilicate. One example of a commercially
available material 1s Borotloat, available from Precision Glass and Optics. In some
cases the separation member can be formed solely or partially from one or more of the
materials noted above, including glass, sapphire, borosilicate, polymethylpentene,
polysulfone, polyetherimide, polypropylene, polycarbonate, polyester, PVC and acrylic

glass. Other materials known 1n the art may also be used.

[0043] The design of the separation member 12() can also vary depending upon the
application. Factors attecting the thickness ot the separation member 120 can include
the pressure of the fluid flowing through the chambcer, the inherent strength of the
material itself, and the support provided by the cover portion 104 which secures the
separation member 120 to the base portion 102. In some cases, for example, the
separation member 120 1s a plate having a thickness of less than about 15 millimeters.
In certain embodiments the thickness 1s between about 1 millimeter and about 2
millimeters. Of course 1t will be appreciated that other thicknesses may be appropriate
depending upon the transmittance of the material, the strength of the material and other

factors.

[0044] Returning to FIGS. 1 and 2, the cover portion 104 is attached to the base portion
102 and encapsulates the separation member 120 between the cover portion and the
base portion. Thus the cover portion 104 provide a structural housing about the
separation member, securing the separation member against the base portion 102 and
chamber 106 without the need to directly tasten the separation member to the base
portion (e.g., with screws, bolts, etc.). The cover portion 104 can be formed from the
same material as the separation member or a ditfferent material. For example, the cover
portion 104 may comprise a material such as glass, sapphire, borosilicate, and/or acrylic
glass. In some cases the cover portion 104 1s formed from a moldable plastic material
such as polymethylpentene, polysultone, polyetherimide, polypropylene, polycarbonate,

polyester, and/or PVC.
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[0045] In some cases the cover portion 104 preferably provides a strong structural
housing about the separation member, allowing the separation member to be formed
from different materials that may be weaker or more brittle, for example. The
separation member 120 provides a separate seal for the fluid flow chamber 106, thus
preventing the fluids flowing through the chamber from contacting the cover portion
104. Accordingly, the cover portion and the separation member can be formed from
different materials. For example, the separation member can comprise a material that is
compatible with the fluids flowing through the chamber, while the cover portion 104
can comprise a material that 1s structurally strong, though not necessarily compatible
with the fluids. In some cases, for example, the separation member 1s formed from a
first material that 1s more resistant to fluids flowing through the chamber than a second

material used to form the cover portion.

[0046] In some cases the cover portion 104 1s removably coupled to the base portion
with, e.g., screws, bolts, or another removable fastener. Thus, the cover portion 104 can
be removed from the base portion 102 to provide access to the separation member 120.
This can be useful for cleaning or replacing the separation member. In some cases the
flow meter 100 can be adapted to handle different fluids by removing one separation
member and replacing it with another separation member without the need to replace
the entire cover portion 104. For example, a separation member may be exchanged for
another having more desirable operating capabilities (e.g., chemical resistance, pressure
resistance, etc.) suitable for a particular application. Thus the use of a cover portion
distinct from the separation member provides a degree of adaptability or
interchangeability with respect to the separation member. It should be appreciated,
though, that the cover portion does not need to be removable 1n all cases, and may
instcad be pecrmancntly tixed to the basc portion about the scparation member (¢.g., with

an adhesive, screws, bolts, etc.).

[0047] The separation member 120 and cover portion 104 may also exhibit a degree of
visible transparency in some embodiments to allow an operator to visually observe

operation of the tlow meter 100. For example, the cover portion 104 and separation
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member 120 may be formed from a material that transmits a sutficient amount of visible
light such that the tirst and/or the second gears are discernable through the cover portion
and the separation member. In some cases the cover portion and separation member are
substantially transparent to visible light, though lesser degrees of transparency (e.g.,
translucency) may also be sufficient in some cases to allow a person to at least discern
movement of the gears. For example, the plot 300 in FIG. 3 illustrates the transparency
of a number of materials that have between about 20% and about 90% transmittance in
the visible range of 400 nm to 700 nm depending upon the nature and thickness of the
material. In some cases the entire cover portion 104 and/or separation member 120 may
be formed from such a matenal, though 1t 1s also contemplated that the cover portion
and/or separation member may include a small transparent portion of the whole (e.g., a

window) to allow a person to inspect operation of the gears.

[0048] FIGS. 4A and 4B are side and perspective cross-sectional views of a flow meter
400 according to an embodiment of the invention. The flow meter 400 1s similar in
many respects to the flow meter 100 described with respect to FIGS. 1 and 2, but FIG.
4A also illustrates an optical sensor 402 positioned within the cavity 124 of the cover
portion 104. The optical sensor 402 1s adapted to detect movement of at least one of the
gears 112, 114 by emitting and detecting light in a sensor wavelength range in the
manner previously described. The flow meter 400 also includes an optical filter 404
positioned to limit radiation within the sensor wavelength range from entering the
chamber 106 from outside the flow meter 400 or from otherwise interfering with

operation of the optical sensor 402.

[0049] The optical filter 404 includes a material that 1s substantially opaque to the
sensor wavelength range and thus selected to block out ambient radiation within the
sensor wavelength range. In some cases it 1s an optical interference filter or an
absorption filter. The filter need not block out all ambient radiation in the sensor
wavelength range, though it may approach this limit in some cases. For example, in
some cases the optical filter 404 may filter or transmit a sufficiently low amount of

ambient sensor wavelength radiation so that it does not appreciably affect
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measurements taken by the optical sensor 402. The degree of necessary filtering may
change depending upon the reflectance properties of the various material in the tlow
meter 400 as well as the sensitivity and settings ot the optical sensor 402 and associated

circuitry.

[0050] FIG. 6 is a plot 600 illustrating the degree of filtering available for one example
ol a commercially available [ilter materal called Super HeatBuster Hol Mirror,
available from Deposition Sciences Inc. As shown in the plot 600, a sensitivity range
602 for a QRE1113 photoreflective sensor ranges between about 700 nm and about
1100 nm (1.e., infrared radiation 1n the illustrated embodiment). The optical filter
transmits a minimal response for these intrared wavelengths tor both zero degree
ambicnt radiation 604 as wcll as radiation 606 cntcring at an angle of about 40 dcgrecs.
Such an optical filter can be usetul for limiting the affect of ambient infrared radiation

1n settings with, e.g., intense incandescent light or sunlight.

[0051] As shown in FIGS. 4A-4C, in some cases the optical filter 404 is part of the
separation member 120 or deposited directly on the exterior surface of the separation
member 120. In this case, the optical filter 404 1s positioned between the chamber 106
and the optical sensor 402. T'o avoid blocking desired sensor wavelength radiation from
being transmitted to and/or from the sensor, a portion of the separation member 120 can
have a viewing port 410 for the optical sensor 402 to look into the chamber 106. For
example, a center section of the separation member 120 can have the optical filter
media masked or physically removed to create the viewing port 41(). In some cases the
optical filter comprises a thin tfilm deposited upon the separation member though other

configurations are possible.

[0052] Turning to FIG. 5, in some cases an optical filter S00 is positioned adjacent an
exterior surface of the cover portion 104. For example, the filter 500 can be a thin film
deposited on the cover portion. Thus, the cover portion 104 itself provides some
shielding from ambient radiation within the sensor wavelength range without the need

for incorporating the optical [ilter into the separation member 120. This can help
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reduce costs 1n that different types of separation members (e.g., as discussed above) can
be designed and manufactured without the need for an optical filter on each separation
member. Instead the optical filter S00 1s applied once to the exterior of the cover
portion 104. Of course, it should be appreciated that other positions for the optical filter

are possible and that these are just examples of some suitable locations.

[0053] In some cases the oplcal [ilter selectively blocks (e.g., rellects and/or absorbs)
radiation within the sensor wavelength range while also transmitting radiation within
the visible range of wavelengths. As shown 1n FIG. 6, for example, the optical filter
blocks radiation within the range of about 70)() nm to about 1100 nm (the sensitivity
region tor the optical sensor) but also substantially transmits visible radiation within the
400 nm to 700 nm wavclength range depending slightly upon the vicwing anglc.
Accordingly, such an optical filter can be combined with a separation member and
cover portion that also exhibit a degree of visible transparency to allow an operator to
visually observe operation of the flow meter 100, while also reducing the impact of

ambient radiation within the sensor wavelength range.

[0054] FIG. 7 is a perspective view of a flow meter 700 according to an embodiment of
the invention. FIG. 7 illustrates a cover portion 704 of the tflow meter 700 in partial
cross-section. The flow meter 700 includes a housing 701 that defines a chamber 706
having a fluid inlet and a fluid outlet. The housing 701 includes a base portion 702 and
the cover portion 704 mounted to the base portion 702 with a fastener such as, e.g.,
screws or bolts (now shown). The cover portion 704 has a continuous interior surface
that forms a wall of the chamber 706. The cover portion also has an exterior surface
708 opposite the interior surface. First and second gears 712, 714 are rotatably installed
within the chamber 706 about axes of rotation and rotate in response to fluid flowing
through the chamber 706. Although not shown, the flow meter 700 usually includes a
non-contact sensor located outside of the chamber 7006 and contigured to detect
movement of at least one of the gears within the chamber. For example, the non-

contact sensor can be mounted within a sensor cavity 720 within the cover portion 704.
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[0055] As shown 1n FIG. 7, in some embodiments the cover portion 704 directly
attaches to the base portion 702 and provides a wall of the chamber 706 without the use
of a discrete separation member as described with respect to other embodiments of the
invention. An elastomer o-ring or other sealing mechanism (not shown) can enhance
the seal between the base and cover portions. As shown in FIGS. 7 and 8A-8C, the
sensor cavity 720 of the cover portion 704 extends into the cover portion from its
exterior surface 708, but does not extend through the cover portion in order to leave the
interior surface 722 of the cover portion intact, thus providing a continuous surface or

wall that seals one side of the chamber 706.

[0056] The cover portion 704 1s preferably formed from a material that 1s compatible
with both fluids flowing through thc chambcer 706 and the non-contact scnsor positioncd
within the sensor cavity 720. For example, the thin sensor cavity wall 730 should allow
the non-contact sensor to adequately sense movement of one or both of the gears 712,
714. In the case of a magnetic sensor, the cavity wall 730 should adequately transmit
magnetic fields (e.g., be formed from a non-magnetic or non-metallic material) such
that the sensor can receive and sense magnetic field changes caused by movement of the
gears. In the case of an optical sensor, the cavity wall 730 should substantially transmit
radiation within the sensor wavelength range so that the sensor can adequately emit and
receive sensor wavelength radiation. For example, 1n the case of an infrared optical
sensor (such as one of those previously mentioned) the cavity wall 730 should be
substantially transparent to the infrared wavelengths at use. In some cases the cover

portion 704 1s formed from polypropylene, which 1s substantially transparent to

radiation within the infrared wavelength range.

[0057] In addition, the sensor cavity wall 730, along with the entire interior surface 722
of the cover portion, should be compatible with fluids flowing through the chamber
706. For example, the interior surface of the cover portion 704 should be made from
one or more materials that are sutficiently chemically inert with respect to the fluids
flowing through the chamber. This can be usetul for a number of applications,

including those involving chemicals having a high pH, a low pH or strong oxidizers. A
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number of materials can be selected for the cover portion depending upon the desired
resistance to fluids and the desired compatibility with the non-contact sensor. As just
one example, the cover portion 704 can be tormed trom polypropylene when the non-
contact sensor 1S an optical sensor operating in the infrared range and the liquid
chemicals are particular types of laundry detergents. In some cases an optical filter,
such as the one discussed with reference to FIG. 5, 1s also included to block ambient

light that may affect performance of an optical sensor.

[0058] The cover portion 704 may also exhibit a degree of visible transparency in some
embodiments to allow an operator to visually observe operation of the flow meter 700).
For example, the cover portion 704 may include a material that transmits a sutticient
amount of visiblc light such that the first and/or the sccond gears arc discernablc
through the cover portion. In some cases it 1s preferable that the cover portion 704
provides a structurally strong component of the flow meter’s housing 701, while also
being resistant (e.g., inert) to chemicals flowing through the chamber, as well as visibly

transparent to allow an operator to observe movement of the gears.

[0059] As shown in FIGS. 7 and 8 A-8C, in some embodiments the cover portion
includes one or more viewing cavities 750, which allow discernment of one or both
oears within the chamber 706. The cavities 750 extend into the cover portion 704 from
the exterior surface 708, but do not extend through the interior surtace 722. The
cavities thus form a thin viewing wall 752 adjacent the interior surface of the cover
portion 704. Such thin walls 752 can provide a degree of transparency that allow
discernment of the tirst and/or the second gears through the cover portion from outside
the housing 701. For example, a normally translucent material such as polypropylene
may normally obscure vision through a thickness of the material. Forming a cavity and
a sufficiently thin section in a polypropylene cover portion can enable viewing into the
chamber 706 as illustrated in FIG. 7. While FIGS. 7 and 8 A-8C illustrate a cover
portion with multiple viewing cavities 730, it should be appreciated that a single
viewing cavity may also be used, or that a similar cover portion may be provided

without a viewing cavity.
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[0060] Although not shown in the figures, 1n some embodiments a cover portion having
one or more viewing cavities can be used in conjunction with a separation member such
as the separation member described with respect to FIGS. 1 and 2. For example, 1s may
be desirable to form the cover portion out of a nontransparent material (e.g., a
translucent material) for various design factors such as cost, material strength, etc. In
such cases a viewing cavity can be formed extending into the cover portion from the
exterior surface. In some cases the cavity may not extend through the interior surface of
the cover portion, similar to the example shown in FIGS. 7 and 8A-8C. In some cases,
the cavity can extend entirely through the cover portion since the separation member 1s

positioned between the cover portion and base portion to seal the fluid chamber.

[0061] Mcthods for mcasuring a fluid arc also provided according to somc
embodiments of the invention. In some cases a method includes providing a tlow
meter, such as one of those previously described, having a chamber 1n fluid
communication with a fluid source and an optical sensor outside of the chamber. The
chamber includes a fluid inlet, a tluid outlet, first and second gears, and a wall with at
least a portion of the wall being substantially transparent to a sensor wavelength range
used by the optical sensor. Fluid 1s dispensed into the chamber, causing the first and the
second gears to rotate. The method includes reducing (or substantially blocking)
transmission of radiation 1n the sensor wavelength range from outside the flow meter
into the chamber. For example, an optical filter such as one of those described above
may be provided. Further, the optical sensor emits radiation in the sensor wavelength
range 1nto the chamber and detects radiation reflected back from the chamber. The
method further includes measuring rotation of the first and/or second gear based on the
detected radiation and calculating a measure of the fluid based upon the measured
rotation. For cxamplc, cvaluation clectronics associated with the scnsor may calculate a
flow rate, flow volume and/or flow direction based on the detected radiation. In some
cases the method also provides for visibly viewing rotation of the first gear and/or the

second gear from outside the flow meter.
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[0062] Thus, embodiments of the invention are disclosed. Although the present
invention has been described in considerable detail with reference to certain disclosed
embodiments, the disclosed embodiments are presented tor purposes of illustration and
not limitation and other embodiments of the invention are possible. One skilled in the
art will appreciate that various changes, adaptations, and modifications may be made

without departing from the spirit of the invention and the scope of the appended claims.
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What is claimed 1s

1. A tflow meter for measuring flutd comprising:

a housing defining a chamber having a fluid inlet and a fluid outlet, the housing comprising a
cover portion and a separation member positioned between the cover portion and the
chamber, the separation member comprising a continuous interior surface forming a wall
of the chamber;

first and second gears installed within the chamber, the first and the second gears being rotatable
about respective first and second axes of rotation in response to fluid tlow through the
chamber; and

a non-contact optical sensor carried by the cover portion and located outside of the chamber, the
non-contact-sensor comprising an emitter configured to emit radiation in a sensor
wavelength range and a detector configured to detect radiation in the sensor wavelength
range, the sensor being configured to detect movement of at least one of the first and
second gears; and wherein

the separation member of the housing comprises an optical filter comprising a material
substantially opaque to the sensor wavelength range, the optical filter positioned to limit
radiation within the sensor wavelength range from entering the chamber from outside the

flow meter.

2. The flow meter according to claim 1, wherein the sensor wavelength range comprises infrared

radiation.
3. The flow meter according to claim 1 or 2, wherein the optical filter comprises a film.

4. The flow meter according to any one of claims 1 to 3, wherein the separation member
comprises a first material and the cover portion comprises a second material different

from the first material.

5. The flow meter according to claim 4, wherein the first material 1S more resistant to tluids

flowing through the chamber than the second material.
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6. The flow meter according to any one of claims 1 to 5, wherein the separation member and the

cover portion transmit a sufficient amount of visible light such that the first gear and/or

the second gear 1s discernable through the cover portton and the separation member.

7. The flow meter according to claim 4 or 5, wherein the first material and the second material

are substantially transparent to visible light.

8. The flow meter according to claim 4 or 5, wherein the first material and the second material
are selected from the group consisting of glass, sapphire, borosilicate,
polymethylpentene, polysulfone, polyetherimide, polypropylene, polycarbonate,
polyester, PVC and acrylic glass.

9. The flow meter according to any one of claims 4, 5, or 8, wherein the second material 1s
nontransparent and the cover portion comprises at least one cavity extending into the

cover portion.

10. The flow meter according to claim 9, wherein the at least one cavity extends entirely through

the cover portion.

11. The flow meter.according to any one of claims 1 to 10, wherein the separation member

comprises a plate having a thickness of less than 15 millimeters.

12. The flow meter according to claim 11, wherein the thickness 1s between about 1 millimeter

and about 2 millimeters.

13. The flow meter according to any one of claims 1 to 12, wherein the separation member and

the cover portion are removable.

14. A flow meter for measuring fluid comprising:

a housing defining a chamber having a fluid inlet and a fluid outlet;
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first and second gears installed within the chamber, the first and the second gears being rotatable
about respective first and second axes of rotation in response to fluid flow through the
chamber; and

a non-contact sensor located outside of the chamber, the non-contact-sensor configured to detect
movement of at-least one of the first and second gears, wherein the housing comprises a
cover portion having an interior surface forming a wall of the chamber and an exterior
surface, the cover portion defining a viewing cavity extending nto the cover portion
from the exterior surface but not through the interior surface, the viewing cavity having a
thin viewing wall adjacent the interior surface of the cover portion, the thin viewing wall
providing a degree of transparency allowing discernment of the first gear and/or the

second gear from outside the housing.

15. The tlow meter according to claim 14, wherein the cover portion comprises a translucent

material.

16. The flow meter according to claim 14 or 15, wherein the non-contact sensor 1s an optical
sensor comprising an emitter configured to emit radiation in a sensor wavelength range
and a detector configured to detect radiation in the sensor wavelength range, wherein at

least part of the cover portion 1s substantially transparent to the sensor wavelength range.

17. The flow meter according to any one of claims 14 to 16, further comprising an optical filter
comprising a material substantially opaque to the sensor wavelength range, the optical
filter positioned adjacent the exterior surface of the cover portion to limit radiation within

the sensor wavelength range from entering the chamber from outside the flow meter.

18. A flow meter for measuring flutd comprising:

a housing comprising a base portion defining a chamber having a fluid inlet and a tluid outlet, a
separation member adjacent the base portion, the separation member comprising a
continuous interior surface forming a wall of the chamber, and a cover portion adjacent

an exterior surface of the separation member;
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first and second gears installed within the chamber, the first and the second gears being rotatable
about respective first and second axes of rotation in response to fluid flow through the
chamber;

an optical sensor carried by the cover portion, the optical sensor comprising an emitter
configured to emit radiation in a sensor wavelength range and a detector contfigured to
detect radiation in the sensor wavelength range, wherein at least a portion of the
separation member is substantially transparent to the sensor wavelength range; and
wherein

the separation member comprises an optical filter, the optical filter comprising a material
substantially opaque to the sensor wavelength range, the optical filter positioned to limit
radiation within the sensor wavelength range from entering the chamber from outside the
flow meter,

the separation member comprises a first material and the cover portion comprises a second
material different from the first material, and

the separation member and the cover portion transmit a sufficient amount of visible light such
that the first gear and/or the second gear is discernable through the cover portion and the

separation member.

19. A method for measuring a fluid comprising:
providing a flow meter having a chamber in fluid communication with a fluid source and an
optical sensor outside of the chamber, the chamber comprising a fluid inlet, a fluid outlet,

first and second gears, and a wall with at least a portion of the wall being substantially

transparent to a sensor wavelength range;
dispensing the fluid through the chamber causing the first and the second gears to rotate as the
fluid passes through the chamber from fluid inlet to fluid outlet;
reducing transmission from outside the flow meter into the chamber of radiation in the sensor
wavelength range;
emitting radiation in the sensor wavelength range into the chamber with the optical sensor;
detecting radiation in the sensor wavelength range from the chamber with the optical sensor;
measuring rotation of the first and/or second gear based on the detected radiation; and

calculating a measure of the fluid based upon the measured rotation.



CA 02803251 2016-07-28

26

20. The method according to claim 19, further comprising substantially blocking transmission

from outside the flow meter into the chamber of radiation in the sensor wavelength range.

21. The method according to claim 19 or 20, further comprising visibly viewing rotation ot the

first gear and/or the second gear from outside the flow meter.
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