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FLUID CONCENTRATION SENSING
ARRANGEMENT
RELATED APPLICATIONS

[0001] This application claims the bene?t of US. Provi
sional patent application Ser. No. 60/652,083 ?led on Feb.
11, 2005 for ARRANGEMENT FOR FLUID CONCEN

TRATION SENSOR, US. Provisional patent application
Ser. No. 60/652,650 ?led on Feb. 14, 2005 for ARRANGE
MENT FOR FLUID CONCENTRATION SENSOR and

US. Provisional patent application Ser. No. 60/748,817 ?led
on Dec. 7, 2005 for FLUID CONCENTRATION SENSING

ARRANGEMENT, the entire disclosures of Which are fully

incorporated herein by reference.

sensor. The ?rst and second valves may be operated based on
input from the ?uid concentration sensors to control the
concentrations of blended ?uids.

[0008] Another aspect of the present application relates to
?xing a WindoW, such as a sapphire, sapphire crystal, glass,
quartz, or optical quality plastic WindoW, to a ?uid concen
tration sensor. Eliminating ?oat or relative movement
betWeen the WindoW and the ?uid concentration sensor can
result in more accurate ?uid concentration measurements.

[0009]

description and appended claims in conjunction With the

accompanying draWings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIELD OF THE INVENTION

[0002]

The present invention relates to ?uid concentration

Further advantages and bene?ts Will become appar

ent to those skilled in the art after considering the folloWing

[0010]

FIG. 1 is a perspective vieW of a ?uid concentra

sensing arrangements. More particularly, the invention

tion sensing arrangement;

relates to ?uid concentration sensing arrangements that
include optical ?uid concentration sensors.

[0011] FIG. 2 is a sectional vieW taken along the plane
indicated by lines 2-2 in FIG. 1;

BACKGROUND OF THE INVENTION

[0012]

FIG. 3 is an exploded perspective vieW of a ?uid

concentration sensing arrangement;

[0003] Many industrial and manufacturing processes use
?uids (i.e. liquids and gasses) to process materials. These

[0013]

?uids are often mixtures or solutions of tWo or more ?uids.

tion sensing arrangement;

The success or failure of processes performed by applying
?uids depends on the solution or mixture having the proper

concentration of ?uids. Measuring these concentrations in
an accurate and e?icient manner can lead to successful

industrial and manufacturing processes.

[0004] Industrial and manufacturing processes often
depend on bringing components into contact With a ?uid or
a ?uid solution. Examples of such processes are deposition
of a solution onto components to create a controlled chemi

cal reaction and Washing or rinsing components in a ?uid
stream to remove contaminates or to stop a chemical reac

tion. These processes often need ?uid ?oW systems to direct
the ?uids or solutions to certain locations Within the process.

FIG. 4 is a perspective vieW of a ?uid concentra

[0014] FIG. 5 is a sectional vieW taken along the plane
indicated by lines 5-5 in FIG. 4;

[0015]
[0016]

FIG. 5A is an enlarged portion of FIG. 5A;
FIG. 6 is an exploded perspective vieW of a ?uid

concentration sensing arrangement;
[0017] FIG. 7 is an illustration of ?uid ?oW through a ?oW
member of a ?uid concentration sensing arrangement;
[0018] FIG. 8 is an illustration of ?uid ?oW through a ?oW
member of a ?uid concentration sensing arrangement;
[0019]

FIG. 9 is a perspective vieW of a ?uid concentra

tion sensing arrangement;
SUMMARY
[0020]

[0005]

In accordance With one aspect of the application, a

?uid concentration sensing arrangement is provided that
includes a ?oW member that directs ?uid ?oW toWard or
against a sensing surface of a ?uid concentration sensor. As

a result, ?uid is constantly against the sensing surface and
boundary conditions that occur When ?uid travels in a
direction that is parallel to a surface are reduced or elimi
nated. In one embodiment, the ?oW member includes a

generally boWl shaped cavity that directs ?uid ?oW toWard
or against the sensing surface.
[0006] In accordance With another aspect of the applica
tion, a ?uid concentration sensing arrangement is provided
With an opaque material positioned to inhibit light from

entering a sensing area. By inhibiting light from entering the
sensing area, ?uid concentration can be measured more

FIG. 10 is an elevational vieW of a ?uid concen

tration sensing arrangement;
[0021]

FIG. 11 is an elevational vieW of a ?uid concen

tration sensing arrangement;
[0022] FIG. 12 is a sectional vieW taken along the plane
indicated by lines 12-12 in FIG. 10;
[0023] FIG. 13 is a sectional vieW taken along the plane
indicated by lines 13-13 in FIG. 11;
[0024]

FIG. 14 is an elevational vieW of a ?uid concen

tration sensing arrangement and an attached conduit;
[0025]

FIG. 15 is an elevational vieW of a ?uid concen

tration sensing arrangement and an attached conduit;
[0026]

FIG. 16 is a schematic illustration of a ?uid

accurately.

blending system;

[0007] One aspect of the application relates to a ?uid
blending system. One ?uid blending system includes a

[0027]

manifold member, a ?rst ?uid control valve, ?rst ?uid
concentration sensor, a second ?uid control valve, a second
?uid concentration sensor, and a mixed ?uid concentration

FIG. 17 is a top plan vieW of a ?uid blending

system;

[0028]
17;

FIG. 18 is a vieW taken along lines 18-18 in FIG.
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[0029]

FIG. 19 is a vieW taken along lines 19-19 in FIG.

18;
[0030] FIG. 20 is a sectional vieW taken along the plane
indicated by lines 20-20 in FIG. 19;
[0031]

FIG. 21 is a schematic illustration of a ?oW path of

the ?uid blending system illustrated by FIG. 17;
[0032]

FIG. 22 is a top plan vieW of a ?uid blending

system;
[0033]

FIG. 23 is a sectional vieW of a valve shoWn in

With a glass sensing WindoW. To alloW the sensor to be used
in more environments, a more chemically inert WindoW,
such as a sapphire WindoW, may be bonded to the glass
WindoW. In another embodiment, a more chemically inert
WindoW, such as a sapphire WindoW may be assembled
directly With the ?uid concentrations sensor, Without the

glass WindoW. For example, a sapphire WindoW may be
bonded to potting material of the ?uid concentration sensor.

The potting material may be a polycarbonate material.

[0039]

The WindoW 14 de?nes the sensing surface 17 that

FIG. 22 taken along the plane indicated by lines 23-23 in
FIG. 22;

is exposed to the ?uid. The WindoW 14 may be ?xed to the
liquid concentration sensor 12. Fixing the WindoW to the
concentration sensor eliminates ?oat of the WindoW With

[0034]

FIG. 24 is a sectional vieW of a ?uid concentration

respect to the sensor. As a result, measurement errors caused

sensing arrangement shoWn in FIG. 22 taken along the plane
indicated by lines 24-24 in FIG. 22;

by movement of the WindoW or lens 14 are eliminated. The
WindoW 14 may be ?xed to the sensor in a Wide variety of
different Ways. For example, an adhesive may be used to ?x
the WindoW to the sensor. Acceptable adhesives include

[0035]

FIG. 25 is a schematic illustration of a ?oW path of

the ?uid blending system illustrated by FIG. 22; and
[0036]

FIG. 26 is a schematic illustration of a ?uid purity

sensing arrangement.
DETAILED DESCRIPTION

[0037] The present invention relates to ?uid concentration
sensing arrangements 10 that include ?uid concentration
sensors 12. The illustrated ?uid concentration sensors 12 are

optical ?uid concentrations sensors, but it should be readily
apparent that any type of ?uid concentration sensor may

epoxies, such as a UV curable optical grade epoxy. One
acceptable epoxy is HYSOL OSll02, Which can be used to
bond a sapphire layer to a glass layer. In one embodiment,
and entire interface betWeen the WindoW 14 and the sensor
12 is covered With an adhesive.

[0040] The sensor 12 and attached WindoW 14 is placed in
a housing 16. In one embodiment, the volume betWeen the
housing 16 and the sensor 12 is ?lled With a potting material.

A Wide variety of different potting materials may be used.

For example, a variety of available dielectric, thermally

bene?t from features of the disclosed ?uid concentration

conductive potting materials may be used. Examples of

sensing arrangements. One type of optical sensor that may

dielectric, thermally conductive potting materials include

be used is an index of refraction sensor, such as TI refractive
index sensor model number TSPRZKXY-R. The disclosed

urethane dielectric potting materials available from Loctite
Corporation. The housing 16 is coupled to a ?oW member

?uid concentration sensing arrangements 10 include a ?oW

20. The illustrated ?oW member 20 de?nes an inlet opening

member 20 and a ?uid concentration sensor 12. The ?uid
concentration sensor 12 is assembled With the ?oW member

23, an outlet opening 25, and sensing cavity 32 betWeen the
inlet opening and the outlet opening. The housing 16 may be

20, such that a sensing surface 17 of the sensor is in

communication With the ?uid 19 (see FIG. 7). The ?uid may

coupled in a manner that exposes the WindoW 14 to the
cavity, and thus alloWs the sensor 12 to sense the ?uid 19 in

be a liquid or a gas.

the cavity.

[0038] The ?uid concentration sensor 12 may be
assembled With the ?oW member 20 in a variety of different
Ways. FIGS. 1-3 and FIGS. 4-6 illustrate tWo exemplary

[0041] In many applications, it is bene?cial to prevent
?uid from entering the housing 16 to protect internal com

mounting arrangements. The illustrated mounting arrange
ments are examples of the Wide variety of mounting arrange
ments that could be used. Any mounting arrangement that
places the ?uid concentration sensing surface 17 proximate
to the ?uid can be employed. In the examples illustrated by
FIGS. 1-3 and FIGS. 4-6, an optical liquid concentration
sensor 12 is positioned to sense ?uid through a WindoW 14,

Which is a sapphire crystal lens in the exemplary embodi
ment. The WindoW 14 can be made from a Wide variety of
different materials. The WindoW can be made from any

material that facilitates index of refraction sensing. For
example, the WindoW 14 can be made from sapphire, sap

ponents such as the sensor 12. One method of preventing
?uid ?oW into the housing is to create a seal at the junction
betWeen the housing 16 and the WindoW 14 to inhibit the

?uid stream from entering the housing 16. In an exemplary

embodiment, the coupling betWeen the housing 16 and the
?oW member 20 is con?gured such that the majority of the
force coupling the housing 16 to the ?oW member 20 is
applied to the housing 16 and the ?oW member 20 and a
small portion of the force is applied to the WindoW 14. The
force applied to the WindoW 14 does not damage the WindoW
14, yet is su?icient to provide a reliable seal betWeen the
WindoW 14 and the valve body 20.

phire crystal, quartz, optical lens quality plastics, any crystal

[0042]

material or any material that is suitable for the application.

housing interface member 22 and a ?oW component inter
face member 24 hold the WindoW 14 in the proper location
and alignment. The housing interface member 22 includes a
slot 26 into Which the sensor 12 is positioned. The ?oW
component interface member is a ring Which is dimensioned

Various criteria may be used to select an appropriate sensor
WindoW material. These factors include, but are not limited
to, hoW inert the WindoW material is to the ?uids the WindoW

Will be exposed to, the cost of the WindoW material, and/or
the optical performance of the WindoW material. In one
embodiment, the WindoW comprises a glass layer and a

sapphire layer bonded to the glass layer. For example, a
stock ?uid concentration sensor may normally be provided

In the example illustrated by FIGS. 2 and 3, a

to ?t into a recess 31 of the ?oW member and has a recess

33 that accepts the WindoW 14. The height of the recess may
be slightly smaller than the thickness of the WindoW 14. This
difference results in a force being applied to the WindoW to
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help form the seal between the ?oW component interface
member and the WindoW. The majority of the coupling force
securing the housing 16 to the valve body 20 is transferred
through the housing interface member 22 and the ?oW
component interface member 24 With a minority of the
coupling force transferred through the WindoW 14. The

may be used. In an exemplary embodiment, the sensor 12
measures a concentration of the ?uid directed toWard the

sensing surface 17.
[0047] FIG. 7 is a schematic illustration of a ?oW pattern
in a boWl shaped cavity 32 of a ?oW member 20. Lines 54
illustrate ?uid ?oW through the ?oW member 20. ArroWs 56

amount of force transferred through the WindoW can be

represent the velocity of the ?uid ?oWing through the ?oW

adjusted by changing the depth of the recess and the mate

member 20. Larger arroWs 56 represent faster ?uid ?oW and
smaller arroWs represent sloWer ?uid ?oW. FIG. 7 illustrates
that a majority of the ?uid 50 ?oWs directly from the inlet
23 to the outlet 25 and the ?oW of this ?uid is relatively fast.
Aportion 56 of the ?uid 50 ?oWs toWard the sensing surface

rials the interface members are made from. The interface
members 22, 24 can be any material that alloW for a seal to

be created and force to be transferred. The material may be,

for example, polytetra?uoroethylene (PTFE), also com
monly knoWn as te?on.

17 in the cavity. This ?uid circulates in the cavity and
gradually ?oWs out the outlet. The ?oW of ?uid toWard the
sensing surface 17 and the circulation of the ?oW in cavity
is signi?cantly sloWer than the ?oW directly from the inlet 23
to the outlet 25. In the exemplary embodiment, the sensor
measures the re?ectivity of the sloWer moving portion of

[0043] In one embodiment, a layer of protective material
can be placed betWeen the WindoW 14 and the cavity. This
material can be any transparent or semi -transparent material,
such as te?on. The layer of protective material protects the
WindoW 14 from potentially caustic chemicals, may enhance
the seal created by the interface members 22, 24, and can

With Which the sensor can measure the concentration of the

alloW for a smaller force to be applied to the WindoW 14 to

?uid.

create a seal.

?uid. Measuring sloWer moving ?uid improves the accuracy

interface member 24 and create a seal there betWeen. The

[0048] FIG. 8 is another illustration of a ?oW pattern in a
?oW member 20 With a boWl shaped cavity 32. Different
cross hatch patterns 62, 64, 66, 68 represent different ?uid
velocity ranges in the ?oW device. The patterns 62, 64 are
located in the boWl cavity 32 in the region Where ?uid is
directed toWard the sensing surface 17 as described With
reference to FIG. 7. The patterns 62, 64 represent relatively
sloW velocities. In one example, pattern 62 represents ?uid
?oW velocity range betWeen 0 and 5 feet per second and
pattern 64 represents ?uid ?oW range betWeen 5 and 10 feet

interface member 24 is pressed by the WindoW 14 and the

per second. The patterns 66, 68 represent relatively higher

housing 16 against the ?oW member to create a seal betWeen

velocities. In the example, pattern 66 represents a ?uid ?oW
velocity range between 10 and 20 feet per second and pattern
68 represents ?uid ?oW velocity that is greater than 20 feet
per second. In the example illustrated by FIG. 8, the ?uid

[0044] The ?oW member 20 may be coupled to a base 34.
The base 34 alloWs the ?uid concentration sensing arrange
ment 10 to be conventionally and conveniently secured to a
location Within the ?uid ?oW system.

[0045] A second example of a mounting arrangement is
shoWn in FIGS. 4-6. An o-ring 28, transfers force from the
housing 16 to the WindoW 14 to press the WindoW against the

the ?oW member and the interface member (See FIG. 5A).
A majority of the force coupling the housing 16 and the ?oW
member 20 is transferred directly from the housing 16 to the
interface member 24. In the example, the housing 16 de?nes
an annular ring that engages the interface member. A smaller

portion of the force is transferred through the o-ring 28. The
dimensions and materials of the annular ring, the interface
member 24, and the o-ring 28 can be altered to set the

amount of force that is transferred through the o-ring and the
WindoW. The o-ring 28 is a resilient member Which absorbs
force and protects the WindoW or lens 14.

velocities may correspond to an inlet pressure that is less

than 100 lbf/in2. For example, the inlet pressure may be
approximately 80 lbf/in2. In one example, ?oW in the boWl
shaped cavity 32 Within 5 mm of the sensing surface of the
sensor is less than 10 feet per second. In the exemplary
embodiment, pressure is maintained in the cavity 32 and
?uid is constantly in contact With the sensing surface.
[0049]

[0046] Referring to FIGS. 7 and 8, one aspect of the
present application relates to directing ?uid 50 ?oW toWard
or against a sensing surface 17 of a ?uid concentration

sensor 12. As a result, ?uid 50 is constantly against the

sensing surface 17 and boundary conditions, Which could
inhibit constant contact With a sensing surface, that occur
When ?uid travels in a direction that is parallel to a surface
are reduced or eliminated. In the examples illustrated by
FIGS. 7 and 8, the ?oW member 20 includes an inlet passage

The accuracy of the concentration measurements

made by an optical sensor 12 increases as the time a portion
of the ?uid stream is vieWable by the sensor 12 increases and
as the velocity of the vieWable ?uid decreases. FloW mem
bers 20 that have deeper cavities 32 or boWls increase the

time in Which a portion of the ?uid stream is vieWable by the
sensor 12 and decrease the velocity of the ?uid vieWed by
the sensor. As a result, the deep boWl cavity increases the
accuracy of the concentrations observed by the sensor 12.

Examples of ?oW members With deep boWl shaped cavities

23, an outlet passage 25, and a generally boWl shaped cavity

are the valve bodies disclosed by US. Pat. No. 6,394,417 to

32 betWeen the inlet and outlet passages that directs ?uid
?oW toWard or against the sensing surface. In an exemplary
embodiment, a portion of the ?uid is diverted toWard the
sensing surface 17 in a direction that is generally transverse

BroWn for Sanitary Diaphragm Valve granted May 28, 2002

to the sensing surface. The boWl shaped cavity 32 illustrated
by FIGS. 7-9 is but one example of the Wide variety of

(herein the ’4l7 patent) and US. Pat. No. 6,123,320 to

RasanoW for Sanitary Diaphragm Valve granted Sep. 26,
2000 (herein the ’320 patent), Which are hereby incorporated
by reference. The valve bodies disclosed by the ’4l7 patent
and the ’320 patent may be used as the ?oW members

different cavity shapes that may be employed. Virtually any

referred to herein. The deep boWl feature of the valve body

cavity shape that directs ?uid ?oW toWard or against the

increases the time that a portion of the ?uid stream is
vieWable to the sensor 12, since the time it takes time for a

sensing surface, instead of parallel to the sensing surface,

