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AMPEROMETRIC SENSOR WITH BUBBLE
SHEDDING CLIP

BACKGROUND

[0001] The average person drinks twenty-nine gallons of
water every year. However, drinking water is something that
many often take for granted. Drinking water may come in
the form of tap water treated by a municipality or from
bottled water processed by a supplier. In both such cases, the
drinking water must be purified and disinfected.

[0002] Drinking water plants across North America often
use free chlorine or ozone as the primary disinfectant in
water purification. Sometimes, monochloramine is also used
as a secondary disinfectant. Drinking water plants often
disinfect the water they process by providing a controlled
amount of disinfectant to the water. Precise control of the
disinfectant is important in order to ensure safe and cost-
effective operation. An important aspect of this precise
control is the ability to accurately sense the level of disin-
fectant in the processed water. If the sensed level is lower
than the actual amount, too much disinfectant might be
added by the controller. Conversely, if the sensed level is
higher than the actual amount, too little disinfectant may be
used. Additionally, as can be appreciated, drinking water
processing is highly regulated and thus improvements in
processing must not sacrifice the ability of such solutions to
meet stringent regulatory requirements.

SUMMARY

[0003] An amperometric sensor assembly includes an
amperometric sensor and a bubble shedding clip. The
amperometric sensor has a sensor membrane that is config-
ured to be exposed to a process fluid. The amperometric
sensor also has an electrical characteristic that changes
based on exposure to an electroactive substance. The bubble
shedding clip is coupled to the amperometric sensor and is
configured to inhibit the presence of bubbles on the sensor
membrane when the sensor membrane is exposed to the
process fluid. A water panel including the amperometric
sensor assembly is also provided along with a method of
installing a bubble shedding clip on an amperometric sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a diagrammatic view of a water quality
panel in which embodiments described herein are particu-
larly useful.

[0005] FIG. 2 is a diagrammatic view of a low flow cell.
[0006] FIG. 3 is a diagrammatic view illustrating bubbles
impinging on a free chlorine membrane of an amperometric
sensor in a flow cell.

[0007] FIG. 4 is an exploded view of an amperometric
sensor assembly with which embodiments are particularly
applicable.

[0008] FIG. 5 is a perspective view of an end of an
amperometric sensor assembly with which embodiments are
particularly applicable.

[0009] FIG. 6 is a diagrammatic view of a bubble shedding
clip attached to an amperometric sensor within a flow cell in
accordance with an embodiment of the present invention.
[0010] FIG. 7 is a flow diagram of a method of installing
a bubble shedding clip on a legacy amperometric sensor in
accordance with an embodiment of the present invention.
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DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0011] FIG. 1 is a diagrammatic view of a water quality
panel in which embodiments described herein are particu-
larly useful. Drinking water facilities generally employ a
water quality panel, such as quality panel 100, to determine
the concentration of residual free chlorine, ozone, or mono-
chloramine after disinfection.

[0012] As showninFIG. 1, a constant head flow controller
or low flow controller 102 includes an input 104 where
process water enters panel 100. The process water is con-
nected to outer flow tube. Low flow controller 102 includes
an outlet 106 that is located higher than inner tube 104 and
thus produces enough head pressure to drive the process
water flow to the low flow cells 108, 110. Sensors 112, 114
are operably disposed within low flow cells 108, 110,
respectively, and are electrically coupled to controller 116.
Sensors 112, 114 can be free chlorine sensors, ozone sensors,
monochloramine sensors, or other suitable amperometric
sensors that provide relevant information to drinking water
purification and/or disinfection. In the example shown in
FIG. 1, sensors 112, 114, are threaded into their respective
low flow cells 108, 110. Controller 116 receives signals from
sensors 112, 114 and provides a display 117 indicating
process levels. In some examples, controller 116 may also be
coupled to one or more pumps that introduce a controlled
amount of disinfectant, such as monochloramine, into the
process water. One suitable example of controller 116 is sold
under the trade designation Model 1056 Intelligent Four-
Wire Transmitter sold by the Rosemount Inc., an Emerson
Automation Solutions company.

[0013] FIG. 2 is a diagrammatic view of a low flow cell
coupled to an analytic sensor (shown in phantom). The
process stream enters low flow cell 120 at inlet 122 from the
bottom and exits at side port 124. Referring to FIG. 1, after
the process stream goes through the last flow cell (shown as
flow cell 110) the process stream returns to the inner tube of
low flow controller 102 and drains to atmosphere. The top of
low flow controller 102 is open to atmosphere as well.
[0014] A problem can arise when bubbles form and enter
the low flow cells at the bottom. These bubbles can impinge
on a sensor membrane and cause significant fluctuations in
the concentration readings from analyzer 116. In many cases
the output from these readings are used to control a free
chlorine pump, so fluctuating concentration readings can
lead to loss of valuable reagent or otherwise inject at less
than required values. The readings typically fluctuate from
negative values to positive values in an erratic manner and
stabilize only when the bubbles dissipate.

[0015] FIG. 3 is a diagrammatic view illustrating bubbles
impinging on a free chlorine membrane of an amperometric
sensor in a flow cell. FIG. 3 illustrates one or more bubbles
150 resting on a membrane 152 of a free chlorine sensor in
a low flow cell 154. This particular low flow cell 154 is
equipped with a bubble shedding nozzle 156 which is the
protrusion from the entrance of the low flow cell. This
bubble shedding nozzle 156 is intended to dissipate bubbles
or otherwise redirect them away from membrane 152. How-
ever, as can be seen in FIG. 3, some bubbles still manage to
form on the membrane 152. Some have attempted to address
this bubble formation by generating back pressure on the
water panel 100, coupled with adjusting incoming flow rates
to the panels. However, bubbles may still persist. While FIG.
3 illustrates a free chlorine sensor, any suitable amperomet-
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ric sensor can be used, such as a total chlorine sensor, a
monochloramine sensor, an ozone sensor, or other ampero-
metric sensors.

[0016] FIG. 4 is an exploded view of an amperometric
sensor assembly with which embodiments described herein
are particularly applicable. As shown in FIG. 4, ampero-
metric sensor assembly 180 includes a cylindrical sensor
body 182 having an externally-threaded portion 184 to
couple to a low flow cell, such as shown in FIG. 1.
Additionally, sensor assembly 180 includes an electrical
cable 186 that couples sensor 180 to a suitable analyzer, such
as analyzer 116 (shown in FIG. 1). A distal end 188 of sensor
assembly 180 includes a sensing element, such as cathode
190, that is configured to sense an analyte of interest. An
O-ring 192 is configured to be disposed about cathode 190.
Membrane assembly 194 seals with O-ring 192 at distal end
188 and is held in place by membrane retainer 196. Mem-
brane retainer 196 includes internal threads, or other suitable
features, to engage external threads 198 of distal portion 188
of sensor 180. In this way, the distal end of sensor 180 can
be disassembled to replace membrane assembly 194, when
desired.

[0017] FIG. 5 is a perspective view of distal end 188 of
sensor 180. As shown in FIG. 5, a distal surface 200 of
membrane retainer 196 may include one or more channels or
grooves as shown in FIG. 5. In the illustrated example, three
grooves 202 extend radially outward from central aperture
204.

[0018] FIG. 6 is a diagrammatic view of a bubble shedding
clip attached to an amperometric sensor within a flow cell in
accordance with an embodiment of the present invention. In
the illustrated example, bubble shedding clip 220 clips into
a small gap between membrane retainer 196, and probe body
182. There is a slight bulge 222 at the end of clip 220 that
diverts bubbles away from membrane retainer 196. As
shown in FIG. 6, as the flow enters low flow cell 224, it
encounters bulge 222 of clip 220. The flow is diverted in the
direction of arrows 228, 230 such that bubbles are laterally
spaced beyond membrane retainer 196. Accordingly, these
bubbles will rise with buoyancy and will not encounter
membrane retainer 196. However, the fluid itself can easily
pass through the lateral opening 226 thereby allowing the
sensor to perform its intended function. While the structure
shown in FIG. 6 is described as a clip, any suitable structure
can be attached to the probe body, and/or retaining assembly
that provides bulge 222 to prevent bubbles from encounter-
ing the membrane. Additionally, the utilization of a clip
allows legacy devices to be easily retrofit as sensors are
removed and replaced from low flow cells.

[0019] FIG. 7 is a flow diagram of a method of installing
a bubble shedding clip on a legacy amperometric sensor in
accordance with an embodiment of the present invention.
Method 300 begins at block 302 where a user obtains an
amperometric sensor. The amperometric sensor may be any
sensor that measures current as a result of an electroactive
substance losing (oxidation) or gaining (reduction) an elec-
tron while undergoing an electrochemical reaction. One
example of an amperometric sensor is a free chlorine sensor,
such as those sold under the trade designation 499ACL
family of membrane covered amperometric sensors avail-
able from Rosemount Inc. As shown in FIG. 7, the sensor
may be a new sensor, as indicated at block 304, or it may be
a sensor that has been removed from a process installation,
such as by decoupling it from a low flow cell of a water
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panel, as indicated at block 306. Next, at block 308, a bubble
shedding clip is attached to the amperometric sensor. As
indicated at block 310, in one example, this attachment may
be in the form of positioning the bubble shedding clip
between the sensor probe body and a membrane retainer as
the membrane retainer is secured to the probe body. In
another example, the bubble shedding clip may be attached
directly to the probe body, such as with a circular attachment
portion that clips around greater than half of the circular
probe body of the sensor, as indicated at block 312. In
another example, the bubble shedding clip may be attached
to the amperometric sensor by virtue of being integral with
a membrane retainer, as indicated at block 314. In such
embodiment, the bubble shedding clip would then attach to
the probe body in the same way that the membrane retainer
does (e.g. by coupling to external threads on the probe
body). Other forms of attachment can also be used in
accordance with the various embodiments described herein,
as indicated at block 316. Next, at block 318, the ampero-
metric sensor with the attached bubble shedding clip is
installed into a flow cell to sense process fluid.

[0020] Although the present invention has been described
with reference to preferred embodiments, workers skilled in
the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

What is claimed is:
1. An amperometric sensor assembly comprising:

an amperometric sensor having a sensor membrane con-
figured to be exposed to a process fluid, the ampero-
metric sensor having an electrical characteristic that
changes based on exposure to an electroactive sub-
stance; and

a bubble shedding clip coupled to the amperometric
sensor, the bubble shedding clip being configured to
inhibit the presence of bubbles on the sensor membrane
when the sensor membrane is exposed to the process
fluid.

2. The amperometric sensor assembly of claim 1, wherein
the amperometric sensor is selected from the group consist-
ing of a free chlorine sensor, total chlorine sensor and
monochloramine sensor.

3. The amperometric sensor assembly of claim 1, wherein
the amperometric sensor includes a cylindrical probe body
and a membrane retainer coupled to the cylindrical probe
body, the membrane retainer being configured to position the
sensor membrane proximate a sensing element of the
amperometric sensor.

4. The amperometric sensor assembly of claim 3, wherein
the bubble shedding clip is coupled to the amperometric
sensor between the membrane retainer and the cylindrical
probe body.

5. The amperometric sensor assembly of claim 1, wherein
the bubble shedding clip includes a lateral opening config-
ured to allow process fluid to contact the sensor membrane.

6. The amperometric sensor assembly of claim 1, wherein
the bubble shedding clip includes a bulge configured to
prevent the bubbles from encountering the sensor mem-
brane.

7. The amperometric sensor of claim 1, wherein the
bubble shedding clip is removably coupled to the ampero-
metric sensor.
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8. A water panel comprising:
alow flow controller having an inlet configured to receive
a flow of process water, the low flow controller being
configured to provide a controlled flow of process
water to an outlet;
a low flow cell having an inlet operably coupled to the
outlet of the low flow controller, the inlet being dis-
posed at a bottom of the low flow cell;
an amperometric sensor assembly disposed within the low
flow cell, the amperometric sensor assembly including:
an amperometric sensor having a sensor membrane
configured to be exposed to a process fluid, the
amperometric sensor having an electrical character-
istic that changes based on exposure to an electro-
active substance, and

a bubble shedding clip coupled to the amperometric
sensor, the bubble shedding clip being disposed
between the inlet of the low flow cell and the sensor
membrane.

9. The water panel of claim 8, wherein the amperometric
sensor includes a cylindrical probe body and a membrane
retainer coupled to the cylindrical probe body, the membrane
retainer being configured to position the sensor membrane
proximate a sensing element of the amperometric sensor.

10. The water panel of claim 9, wherein the bubble
shedding clip is coupled to the amperometric sensor between
the membrane retainer and the cylindrical probe body.

11. The water panel of claim 8, wherein the bubble
shedding clip includes a lateral opening configured to allow
process fluid to contact the sensor membrane.

12. The water panel of claim 8, wherein the bubble
shedding clip includes a bulge configured to prevent the
bubbles from encountering the sensor membrane.

13. The water panel of claim 8, and further comprising an
analyzer electrically coupled to the amperometric sensor
assembly, the analyzer being configured to detect the elec-
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trical characteristic of the amperometric sensor and provide
an output based on the electrical characteristic.

14. The water panel of claim 13, wherein the output is
provided to a display.

15. The water panel of claim 13, wherein the output is
provided to a reagent pump to control an amount of reagent
introduced into the process.

16. A method of installing a bubble shedding clip on an
amperometric sensor, the method comprising:

obtaining an amperometric sensor;

attaching a bubble shedding clip to the amperometric

sensor; and

installing the amperometric sensor and bubble shedding

clip into a low flow cell.

17. The method of claim 16, wherein obtaining an
amperometric sensor includes removing a legacy ampero-
metric sensor from a process.

18. The method of claim 16, wherein removable attaching
the bubble shedding clip to the amperometric sensor
includes positioning a portion of the bubble shedding clip
between a probe body of the amperometric sensor and a
membrane retainer as the membrane retainer is couped to the
probe body of the amperometric sensor.

19. The method of claim 16, wherein removably attaching
the bubble shedding clip to the amperometric sensor
includes removably attaching the bubble shedding clip to the
probe body of the amperometric sensor.

20. The method of claim 16, wherein removably attaching
the bubble shedding clip to the amperometric sensor
includes coupling a membrane retainer having an integral
bubble shedding clip to the probe body of the amperometric
sensor.

21. The method of claim 16, wherein the amperometric
sensor is selected from the group consisting of a free
chlorine sensor, total chlorine sensor, ozone sensor, and
monochloramine sensor.
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