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MULTI-CAPACITOR LIQUID DETECTION
DEVICE AND METHOD(S) OF USE

BACKGROUND

[0001] FElectronic o1l sensing methods currently include
microwave line matching, microwave radar, ultraviolet
intensity processing, density measurement, conductance
measurement, magnetic sensor, and capacitive sensors. Each
of the currently available methods has one or more draw-
backs for use 1n low cost applications.

[0002] Microwave line matching requires (1) accurate cali-
bration including calibration for temperature, (11) a probe to
be periodically cleaned, (111) accurate installation and onsite
calibration, and (1v) components that are very costly. Micro-
wave radar requires accurate calibration and excessive data
processing 1n addition to high costs due to components and
expertise required to build the microwave radar. Ultraviolet
intensity processing requires regular cleaning, accurate cali-
bration, and 1image processing. Further, ultraviolet intensity
processing 1s 1nstallation dependent and requires high costs
dues to components and the expertise required to build a
system. Density measurement systems typically include
changing an existing system for installation, are direction
dependent, and have high costs associated with implement-
ing the systems. Conductance measurement systems have
very limited options for use with various liquids, are typi-
cally used for o1l degradation or liquid level determination,
and often produce false positives. Magnetic sensors are
limited 1n the types of liquids available to be used with and
are usually implemented to determine liquid levels. Capaci-
tive sensors have low resolution, are typically implemented
for determining liquid levels, and require changes to an
existing system for installation.

[0003] Low cost sensors currently available have several
drawbacks including, but not limited to, temperature sensi-
tivity, liquid punity sensitivity, liqud flow sensitivity, resi-
due build up, and low measurement resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 1s a block diagram of a multi-capacitor
liquid detection device according to one embodiment of the
present mvention.

[0005] FIG. 2 1s a cross-sectional view of a capacitor
assembly according to one embodiment of the present
invention.

[0006] FIG. 3 1s a bottom view of a capacitor assembly
according to one embodiment of the present invention.
[0007] FIG. 4 1s a flow chart of a liquid detection verifi-
cation process according to one embodiment of the present
invention.

[0008] FIG. SA 1s a bottom perspective view ol a multi-
capacitor liquid detection device according to one embodi-
ment of the present mnvention.

[0009] FIG. 3B 1s a top perspective view of a multi-
capacitor liquid detection device according to one embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0010] Embodiments of the present invention include a
multi-capacitor liquid detection device and method(s) of
use. The multi-capacitor liquid detection device can be
implemented to detect and differentiate between different
types of immiscible liquids by measuring and comparing a
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dielectric constant between two or more capacitors. In one
embodiment, a first capacitor and a second capacitor having
different heights (or widths) can be implemented. The multi-
capacitor liquid detection device can be implemented to
determine 1f a false detection of a liquid has been made by
one of the capacitors. In one instance, the multi-capacitor
liquid detection device can verily a detection of a liquid by
one of the capacitors. Embodiments of the present invention
can be implemented to differentiate between two 1mmiscible
liquids 1n an environment by measuring a relative permit-
tivity of one capacitor for detection of a liquid and measur-
ing a second relative permittivity of another capacitor to
prevent false reports of a detection of a liquid.

[0011] In one embodiment, the multi-capacitor liquid
detection device can include, but 1s not limited to, a con-
troller, a capacitive sensor, a {irst capacitor, a second capaci-
tor, a mounting plate, and a power source. The first capacitor
and the second capacitor can each include a pair of conduc-
tive plates. In a typical implementation, the conductive
plates can be defined by a length, a width, and a thickness.
The plates are generally oriented vertical with the width
defining a height of each of the plates. The first and second
capacitor can each be coupled to the mounting plate, with
the mounting plate located on top of the capacitors. The first
pair of conductive plates can have a first height and the
second pair of conductive plates can have a second height.
Typically, a height differentiation between the first pair and
the second pair of conductive plates can be predetermined.
The height differentiation between the plates of the capaci-
tors can be calculated to help to detect a presence of liquid
while negating false reports. In one instance, the first capaci-
tor can be implemented to detect a presence of liquid and the
second capacitor can be implemented to verily a liquid
detected by the first capacitor.

[0012] In one embodiment, the controller, the capacitive
sensor, the first capacitor, the second capacitor, the mounting,
plate and the power source can be configured as a device.
The device can be implemented to detect liquid presence by
determining a dielectric constant (or relative permittivity) of
the first capacitor and the second capacitor. The device can
provide a false free report of liquid detection by using a
combination of the two pairs of capacitor plates having
calculated differing heights 1n a dual liquid container where
the liquids are immiscible.

[0013] Typically, the device can be configured such that a
gap between each of the capacitor plates can be based on a
liquid being detected to prevent a need for cleaning of the
device after each test. Embodiments of the present invention
can 1implement the 1dea of capacitance diflerence instead of
absolute capacitance value to prevent a need of calibration
for different environments. In some embodiments, the
device can be configured to be combined with a resistive
sensor to mcrease detection options. Generally, the device
can 1implement a surface line capacitor combined with base
capacitor plates for high resolution measurements.

[0014] In one example, two capacitors can be arranged 1n
a relative location to each other to detect and differentiate
between diflerent types of immiscible liquids by measuring
a dielectric constant (or relative permittivity) of the two
capacitors. Fach of the capacitors can include a pair of
clectrically conductive plates. The device can use a combi-
nation of measured capacitance to report a presence and type
of liquid 1n a dual liquid container. Typically, a condition for
the two liquids can include substantially different dielectric
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constants and be immiscible with one another. As one
example, immiscible liquids that the device can be 1mple-
mented with are o1l and water. Of note, o1l and water are
provided for illustrative purposes only and are not meant to
be limiting.

[0015] As previously mentioned, the device can include
two pairs of conductive plates implemented as the first
capacitor and the second capacitor. The first capacitor (here-
inafter C1) can be considered as a detection capacitor and
the second capacitor (hereinafter C2) can be a false preven-
tion capacitor or verification capacitor. C1 can have a greater
height than C2. The combination of C1 and C2 together can
provide a false free report of immiscible liquids measured
between the conductive plates of the capacitors. As previ-

ously mentioned, when testing, the liquids should be 1mmis-
cible and have different dielectric constants.

[0016] To do a calculation of the basis behind the multi-
capacitor liquid detection device, the two liquids can be
referred to as E1 and E2. E1 and E2 represent the two liquids
where the dielectric constant of E1 1s not equal to E2 which
means one of the liquids has a higher dielectric constant. In
this example, E1 has a larger dielectric constant than E2. IT
a dielectric measured by C1 1s air that would indicate air 1s
located between both pairs of conductive plates which
results in no liquid being detected by the device. If the
measurement by C1 shows the higher dielectric constant of
E1, this may indicate the device may be dipped in the higher
dielectric constant E1 which would result in detection of E1.
However, 11 the measurement by C1 shows the dielectric
constant of E2, the device cannot jump to a conclusion for
detection of E2 and this could be a false report which 1s a
possible result when using a single capacitor sensor. The
reason can be explained by the result where measuring the
lower dielectric of E2 1s not clear that C1 1s dipped in E2 or
a part of C1 1s dipped 1in E1 (higher dielectric) and the rest
1s empty (e.g., air). Stated alternatively, the detection of E2
could be either the detection of E2 or a combination of El
and air based on the dielectric measured.

[0017] To illustrate a false report and the problem that a
single capacitor cannot generate a reliable result 1n a subject
environment with two immmiscible liquids, there are three
possible scenarios. First, a dielectric measurement by the
capacitor may be “1,” which can indicate no liquid between
the conductive plates and a dielectric measurement equal to
the dielectric constant of air. This result can be trusted since
the dielectric constant of air will be the lowest value 1n the
subject environment. Second, a dielectric measurement by
the capacitor may indicate a higher dielectric measurement
approximately equal with a dielectric constant of the liqud
with the highest dielectric constant. This result can be
trusted since there would be no liquid in the subject envi-
ronment that has a higher dielectric constant. Third, a
dielectric measurement by the capacitor may indicate a
lower dielectric measurement approximately equal with a
dielectric constant of the liguid with the lowest dielectric
constant. There are two possible conditions for this result.
The liquid between the conductive plates of the capacitor
may be the second liquid. Alternatively, there may be a layer
of the first liquid between the conductive plates and the rest
may be air indicating that a combined capacitance of the air
and the first liquid 1s equal to a capacitance measured when
the plates are filled with the second liquid between them.

[0018] The following equations show a condition where
the third scenario can happen.
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A Equation 1
C=¢&y8—
d
[0019] Referring to equation 1, C 1s a capacitance between

plates measured 1n tarads (F), €, 1s the dielectric constant of
the space 8.85x10™"* measured in farads per meter (F/m), €,
1s the dielectric constant of a material between the plates, A
1s the area of each plate equal to LxH measured in meters
squared (m”) and d is a distance between plates measured in
meters (m).

[0020] According to equation 2, a capacitance measured
between two plates when the plates are dipped 1n the second
liquad 1s:

LxH Equation 2
Cr2 = &0k r
[0021] According to equation 3, the capacitance between

two plates when a part of the plates 1s 1n the first liquid and
the rest 1s 1n air 1s shown 1n equation 3.

LxAH Lx(H—-AH) Equation 3
Cr1 = &0k + £¢
d d
[0022] The error happens when C,., C,.,, which 1s 1n long

form 1n equation 4.

LxH LxAH  Lx(H-AH)

Equation 4
cokbn y = &0k y + Ep y

[0023] Simplifying equation 4 will result 1n equation 5.
LEH=EAH+H-AH Equation 5:
[0024] A thickness of a layer of the first liquid at the time

of error can be determined by equation 6.

_E2-1 Equation 6

AH = H
El-1

[0025] Now that the condition of the error has been
explained, a solution would be to add a second pair of plates
high enough, for instance at least at a distance of AH, to
detect air on top of a layer of the first liguid and use the
combination of two capacitors to make a determination of
liquid detection.

[0026] The multi-capacitor liquid detection device can be
implemented to overcome the deficiencies of a single
capacitor device for detecting liquids. For instance, as
previously described, a single capacitor device can allow a
condition where a false report 1s generated. The multi-
capacitor liquid detection device can limit or remove false
reports by implementing a second pair of conductive plates
to detect air on top of the layer of the first liquid and use the
combination of two capacitors to make a determination of
liquid detection.

[0027] As shown 1n the first equation, a dimension of the
conductive plates can determine a value of the capacitor. To
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prevent cleaming after each measurement, a distance
between the plates for each capacitor should be substantially
larger than a drop size of the liquids being tested in the two
liquid container. As can be appreciated, the drop size of the
container depends on a surface tension of the liquids and a
tension between the liquids and the coating of the plates. In
one embodiment, the distance between the plates can be
equal or greater than two times the liquid drop diameter. By
implementing this constraint, a dielectric measurement can
be independent from residue and cleaning because a major-
ity of the volume between the plates 1s for the liquid under
test and not any residue.

[0028] Embodiments of the present imnvention can further
include a calibration free capacitance sensor. Generally, the
dielectric constant of air can be implemented as a reference
and device can measure a diflerence between a detected
capacitance of the liquids and the reference to make a
determination liqud detection. As can be appreciated, an
absolute value of capacitance 1s not important. By not
relying on absolute capacitance, any reason (e.g., tempera-
ture change) the absolute capacitance changes, the differ-
ence between the liquids and air will stay the same. Of note,
by using a difference in detected capacitance, the device
does not need to be calibrated 1n different environments.

[0029] The multi-capacitor liquid detection device can be
implemented to detect and diflerentiate between two 1mmis-
cible liquids. However, 1f one of the liquids has electrical
conductivity, the device can be combined with a resistive
sensor to increase a detection range to more than two liquids.
As mentioned previously, one of the biggest advantages of
this device 1s that the device does not need to be cleaned
after each measurement.

[0030] A resolution of a measurement can depend on a
dielectric constant of a liquid and an available technology
for capacitance measurement. In one embodiment, to
increase measurement resolution, a height of the capacitor
plates can be reduced 1n addition to reducing a distance
between each pair of plates to be able to measure a similar
capacitance. These modifications can be implemented with
the combination of capacitors to increase a precision of
measurement made by the multi-capacitor liquud detection
device.

[0031] In one embodiment, the multi-capacitor liquid
detection device can be a self-contained assembly that can
be adapted to float on a body water. In one example, the
device can be implemented to detect when o1l or other
liquids harmiul to an eco-system are located in a body of
water. In another example, the device can be mounted inside
a container at a predetermined height to determine when a
non-desirable liquid 1s present or when an unacceptable
level of a non-desirable liquid has been reached. In yet
another example, the device can be operatively implemented
in a pump control circuit to provide an automatic shut-oil of
the pump when a non-desirable liquid has been detected. Of
note, the multi-capacitor liquid detection device implements
a verification means for ensuring a pump, or other devices
are not shut-ofl based on a false detection of the non-
desirable liquid.

[0032] The present invention can be embodied as devices,
systems, methods, and/or computer program products.
Accordingly, the present invention can be embodied in
hardware and/or i1n software (including firmware, resident
software, micro-code, etc.). Furthermore, the present inven-
tion can take the form of a computer program product on a
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computer-usable or computer-readable storage medium hav-
ing computer-usable or computer-readable program code
embodied in the medium for use by or 1n connection with an
instruction execution system. In one embodiment, the pres-
ent invention can be embodied as non-transitory computer-
readable media. In the context of this document, a computer-
usable or computer-readable medium can include, but 1s not
limited to, any medium that can contain, store, communi-
cate, propagate, or transport the program for use by or 1n
connection with the instruction execution system, apparatus,
or device.

[0033] The computer-usable or computer-readable
medium can be, but 1s not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, device, or propagation medium.

Terminology

[0034] The terms and phrases as indicated 1in quotation
marks (* ) 1n this section are intended to have the meaning
ascribed to them 1n this Terminology section applied to them
throughout this document, including in the claims, unless
clearly indicated otherwise 1n context. Further, as applicable,
the stated definitions are to apply, regardless of the word or
phrase’s case, to the singular and plural variations of the
defined word or phrase.

[0035] The term “or” as used 1n this specification and the
appended claims 1s not meant to be exclusive; rather the term
1s 1nclusive, meaming either or both.

[0036] References in the specification to “one embodi-
ment”, “an embodiment”, “another embodiment, “a pre-
ferred embodiment”, “an alternative embodiment”, “one
variation”, “a varnation” and similar phrases mean that a
particular feature, structure, or characteristic described in
connection with the embodiment or variation, 1s included 1n
at least an embodiment or variation of the invention. The
phrase “in one embodiment”, “in one variation” or similar
phrases, as used 1n various places in the specification, are not
necessarlly meant to refer to the same embodiment or the
same variation.

[0037] The term “couple” or “coupled” as used in this
specification and appended claims refers to an indirect or
direct physical connection between the identified elements,
components, or objects. Often the manner of the coupling
will be related specifically to the manner 1n which the two
coupled elements interact.

[0038] The term *“directly coupled” or “coupled directly,”
as used 1n this specification and appended claims, refers to
a physical connection between identified elements, compo-
nents, or objects, 1n which no other element, component, or
object resides between those identified as being directly
coupled.

[0039] The term “approximately,” as used 1n this specifi-
cation and appended claims, refers to plus or minus 10% of
the value given.

[0040] The term “about,” as used 1n this specification and
appended claims, refers to plus or minus 20% of the value
gIven.

[0041] The terms “generally” and *“‘substantially,” as used
in this specification and appended claims, mean mostly, or
for the most part.

[0042] Directional and/or relationary terms such as, but
not limited to, left, right, nadir, apex, top, bottom, vertical,
horizontal, back, front and lateral are relative to each other
and are dependent on the specific orientation of a applicable
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clement or article, and are used accordingly to aid in the
description of the various embodiments and are not neces-
sarily imntended to be construed as limiting.

[0043] The term “software,” as used 1n this specification
and the appended claims, refers to programs, procedures,
rules, mstructions, and any associated documentation per-
taining to the operation of a system.

[0044] The term “firmware,” as used 1n this specification
and the appended claims, refers to computer programs,
procedures, rules, instructions, and any associated documen-
tation contained permanently in a hardware device and can
also be flashware.

[0045] The term “hardware,” as used in this specification
and the appended claims, refers to the physical, electrical,

and mechanical parts of a system.

[0046] The terms “‘computer-usable medium™ or “com-
puter-readable medium,” as used 1n this specification and the
appended claims, refers to any medium that can contain,
store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device. The computer-usable or com-
puter-readable medium may be, for example but not limited
to, an electronic, magnetic, optical, electromagnetic, inira-
red, or semiconductor system, apparatus, device, or propa-
gation medium. By way of example, and not limitation,
computer readable media may comprise computer storage
media and communication media.

[0047] The term “signal,” as used 1n this specification and
the appended claims, refers to a signal that has one or more
of 1ts characteristics set or changed 1n such a manner as to
encode information in the signal. It 1s to be appreciated that
wireless means of sending signals can be implemented

including, but not limited to, Bluetooth, Wi-F1, acoustic, RF,
infrared and other wireless means.

An Embodiment of a Multi-Capacitor Liquid Detection
Device

[0048] Referring to FIG. 1, a block diagram of an embodi-
ment 100 showing a multi-capacitor liquid detection device
1s 1llustrated. The multi-capacitor liquid detection device
100 can be implemented to detect one or more liquids and
prevent false reports of a liquid being detected. Generally,
the multi-capacitor liquid detection device 100 can be placed
in an environment including a first liqud, a second liquid,
and air. In one mstance, the device 100 can be placed 1 an
environment where o1l and water may mix.

[0049] As shown, the multi-capacitor liquid detection
device 100 can typically include a control module 102 and
a capacitor assembly 104. The control module 102 can be
connected to the capacitor assembly 104. In one embodi-
ment, the control module 102 and the capacitor assembly
104 can be connected such that both the control module 102
and the capacitor assembly 104 are subjected to testing
conditions. In another embodiment, the control module 102
may be remotely located tfrom the capacitor assembly 104.
As can be appreciated, the control module 102 can be
operatively connected to the capacitor assembly 104 when
remotely located from the capacitor assembly 104.

[0050] The control module 102, can include, but 1s not
limited to, a controller 106, a capacitive sensor 108, a
communication interface 110, and a power supply 112.
Typically, the capacitor assembly 104 can include two or
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more capacitors. In one embodiment, the capacitor assembly
104 can include, but 1s not limited to, a first capacitor 120
and a second capacitor 122.

[0051] In one embodiment, the controller 106 can be a
microcontroller. The microcontroller 106 can typically
include, but 1s not limited to, one or more processor cores,
memory, and one or more programmable input/output
peripherals. The capacitive sensor 108 can be implemented
to measure a capacitance of the first capacitor 120 and the
second capacitor 122. The microcontroller 106 can deter-
mine a relative permittivity of the first capacitor 120 and/or
the second capacitor 122 based on a measured capacitance
by the capacitive sensor 108. Based on the relative permit-
tivity, the microcontroller 106 can determine if the first
liquid, the second liquid, or air has been detected by either
of the capacitors 120, 122. For instance, the microcontroller
106 can compare the relative permittivity of either of the
capacitors 120, 122 to a dielectric constant of the first liquid,
the second liquid, and atir.

[0052] The communication interface 110 may include
wired and wireless communication protocols for sending
data from the microcontroller 106 to a user device. In one
embodiment, where the device 100 may be implemented as
part ol another system, the communication interface 110
may send a signal to a controller of the other system. For
instance, the communication interface 110 may be commu-
nicatively connected to a controller of a pump. The micro-
controller 106 may send a signal to shut the pump ofl via the
communication interface 110 to the pump controller. The
power supply 112 can be implemented to provide power to
cach of the components of the multi-capacitor liquid detec-
tion device 100.

[0053] Referring to FIG. 2, a cross-sectional view of the
capacitor assembly 104 i1s 1llustrated. As shown, the capaci-
tor assembly 104 can further include a mounting plate or
chassis 124. The mounting plate 124 can be implemented to
position the first capacitor 120 1n a fixed relationship to the
second capacitor 122. In some embodiments, components of
the control module 102 and the capacitor assembly 104 may
cach be coupled to the mounting plate 124 to form a
self-contained device.

[0054] The first capacitor 120 can include a first pair of
plates 126 and the second capacitor 122 can include a second
pair of plates 128. In one embodiment, the first capacitor 120
and the second capacitor 122 can each be parallel plate
capacitors. Typically, the first pair of plates 126 and the
second pair of plates 128 can be coupled to the mounting
plate 124 with a top side of each of the plates 126, 128
coupled to a bottom side of the mounting plate 124. As
shown, the first pair of plates 126 can have a greater height
than the second pair of plates 128.

[0055] As previously mentioned, the height of the first pair
of plates 126 and the height of the second pair of plates 128
can be determined based on the dielectric constant of air and
two hiquids being detected.

[0056] Referring back to equation 6, a diflerence 1n height
between the first pair of plates 126 and the second pair of
plates 128 (e.g., AH) can be predetermined based on two
immiscible liquids the device 100 will be implemented to
detect. In one example, the device 100 can be implemented
in an o1l 1 water system where the device 100 can be
implemented to detect oil. Based on the previously pre-
sented equation 6 1n an example o1l 1n water system, AH can
be equal to, or greater than, Y13 a height of the taller
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capacitor. Stated alternatively, a diflerence 1n heights
between the first capacitor 120 and the second capacitor 122
should be at least 0.0769 multiplied by a height of the first
capacitor 120. For example, where a height of the first pair
of plates 126 of the first capacitor 120 1s 5 mm, a difference
in height between the first pair of plates 126 and the second
pair of plates 128 should be at least 0.38 mm. Of note, the
difference 1n height between the first pair of plates 126 and
the second pair of plates 128 can be greater than the
mimmum distance.

[0057] Referring to FIG. 3, a bottom view of one example
configuration of the capacitor assembly 104 1s 1llustrated. As
shown, the mounting plate 128 can have a substantially
rectangular shape and the first pair of plates 126 and the
second pair of plates 128 can be positioned to have sub-
stantially circular shapes. FIG. 3 shows one proposed
arrangement for the capacitor plates for illustrative purposes
only. As can be appreciated, an actual arrangement of the
capacitor plates can include, but 1s not limited to, side by
side, concentric circles, rectangular, or any other shape as
long as the height difference can be considered.

[0058] In some embodiments, the capacitor assembly 104
can further include a shield 127 located between the first pair
of plates 126 and the second pair of plates 128. The shield
127 can be implemented to 1solate the first capacitor 120
from the second capacitor 122. In one embodiment, the
shield 127 can be a ground wire.

[0059] Described hereinafter 1s one example of a multi-
capacitor liquid detection device. The example multi-capaci-
tor liquid detection device 1s provided for illustrative pur-
poses only and 1s not meant to be limiting. The multi-
capacitor liquid detection device can include, but i1s not
limited to, a control module operatively connected to a
capacitor assembly. The control module and the capacitor
assembly can both be coupled to a mounting plate, with the
control module on one side of the mounting plate and the
capacitor assembly located on the other side of the mounting
plate. After the control module and the capacitor assembly
have been coupled to the mounting plate and operatively
connected to each other, the components can be coated with
rubber to protect the device. The mounting plate can include
one or more holes for allowing air to escape when the device
1s placed 1n a liquid.

[0060] The control module can include, but 1s not limited
to, a microcontroller, a capacitive sensor connected to the
microcontroller, a communication interface, and a power
supply. The capacitive sensor can be a FDC2114 capacitive
sensor manufactured by Texas Instruments. The communi-
cation interface can provide wireless communication to a
user device. For mstance, the communication interface may
be Bluetooth or Wi-Fi. As can be appreciated, the power
supply can be implemented to provide power to the com-
ponents of the control module and the capacitor assembly.

[0061] The capacitor assembly can include, but 1s not
limited to, a first capacitor including a first pair of parallel
plates and a second capacitor including a second pair of
parallel plates. The first pair of parallel plates and the second
pair of parallel plates can be brass ribbons having diflerent
widths. For mstance, a {irst brass ribbon having a first width
can be implemented to make the first pair of parallel plates.
A second brass ribbon having a second width can be
implemented to make the second pair of parallel plates. The
first brass ribbon can have a greater width than the second
brass ribbon. Each of the brass ribbons can be coupled to the
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mounting plate vertically, with the width of the brass ribbon
defining a height of each of the plates. Similar to the
configuration illustrated 1n FIG. 3, the brass ribbons can be
coupled to the mounting plate to form circular parallel plates
with the first pair of plates located outside of the second pair
of parallel plates. As can be appreciated, the device can be
implemented with the capacitor assembly side facing down.

[0062] Of note, since the first capacitor has a greater area
than the second capacitor, relative changes to the capaci-
tance measured for each capacitor can be used instead of an
actual capacitance at the time of measurement. For instance,
cach capacitor can be measured for a base capacitance, for
istance with just air, and then the microcontroller can use
a change 1n capacitance to determine when a liquid has been
detected.

[0063] The mounting plate can include vias or apertures to
operatively connect the first capacitor and the second capaci-
tor to the capacitive sensor. For instance, coax cable or other
conductive cable can be coupled to the first capacitor and the
second capacitor and then connected to inputs of the capaci-
tive sensor.

A Method to Venity a Detection of a Liqud

[0064] Referring to FIG. 4, a flow diagram of a method or
process 200 for verilying a detection of a liquid in a two
liguid system or environment 1s 1illustrated. Typically, the
multi-capacitor liquid detection device 100 can be mmple-
mented to carry out the process 200. In some instances, the
process 200 can be implemented to negate false detections
of a liquid.

[0065] In a typical implementation, the multi-capacitor
liqguid detection device 100 can be placed 1n a container,
system, or environment that includes, or can be capable of
receiving, two immiscible liquids and air. For instance, a
container may be a bilge 1n a boat where water and o1l may
mix. In one example, the multi-capacitor liquid detection
device 100 can be placed 1n the bilge to determine when o1l
has entered the bilge with water to send a signal to shut off
a bilge pump such that o1l 1s not pumped to an open body of
water.

[0066] In a first block 202, a relative permittivity (g,) of
the first capacitor 120 can be determined. Typically, a
capacitance of the first capacitor 120 can be measured by the
capacitive sensor 108. The microcontroller 106 can then
determine the relative permittivity of the first capacitor 120
based on the capacitance measured. As can be appreciated,
the power supply 112 can be adapted to provide an electrical

charge to the first capacitor 120 and the second capacitor
122.

[0067] After determining the relative permittivity of the
first capacitor 120 1n block 202, the process 200 can move
to decision block 204. In decision block 204, the microcon-
troller 106 can determine whether the relative permittivity
indicates a detection of air, a first liquid with a higher
permittivity, or a second liquid with a lower permittivity. I
the microcontroller 106 determines the relative permittivity
indicates air, the process 200 can move to block 206. In
block 206, the microcontroller 106 can determine that air has
been detected and the process 200 can return to block 202
alter determining that no liquid has been detected. In some
instances, the multi-capacitor liquid detection device 100
can send a signal to a user that no liquid has been detected

in block 206.
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[0068] If the microcontroller 106 determines that the mea-
sured relative permittivity indicates a detection of the first
liquid, the process 200 can move to block 208. In block 208,
the microcontroller 106 can determine that the first liquid
has been detected. The process 200 can then return to block
202. In some mstances, the multi-capacitor liquid detection
device 100 can send a signal to the user that the first liquid
has been detected.

[0069] The process 200 can move to block 210 1t the
microcontroller 106 determines the measured relative per-
mittivity 1mndicates detection of the second liquid. In block
210, the capacitive sensor 108 can measure a capacitance of
the second capacitor 122. The microcontroller 106 can then
determine a relative permittivity between the second pair of
plates 128 of the second capacitor 122.

[0070] After determining the relative permittivity of the
second capacitor 122, the process 200 can move to decision
block 212. In decision block 212, the microcontroller 106
can determine 1f the relative permittivity of the second
capacitor 122 indicates a detection of air or the second
liquad. I the relative permittivity of the second capacitor 122
indicates air, the process 200 can move to block 208. In
block 208, the microcontroller 106 can determine the first
liquid has been detected and the process 200 can move to
back to block 202. If the relative permittivity of the second
capacitor 122 indicates the second liquid, the process 200
can move to block 214.

[0071] In block 214, the microcontroller 106 can deter-
mine the second liquid has been detected. Depending on an
implementation of the multi-capacitor liquid detection
device 100, the process 200 may return to block 202 and be
adapted to continuously repeat.

[0072] In some instances, the multi-capacitor liquid detec-
tion device 100 can send a signal to the user that the second
liquid has been detected. Depending on an implementation
of the multi-capacitor liquid detection device 100, the multi-
capacitor liquid detection device 100 may be adapted to send
a signal to another device to indicate the device should
shut-ofl. For mstance, 11 the multi-capacitor liquid detection
device 100 1s implemented in a bilge, the device 100 may
send a signal to a pump 1n the bilge to turn ofl 11 o1l 1s
detected.

An Example Multi-Capacitor Liquid Detection Device

[0073] Referring to FIGS. SA-5B, a detailed diagram of an
example multi-capacitor liquid detection device 300 1s 1llus-
trated. As shown, the multi-capacitor liquid detection device
300 can 1nclude a housing 302 and a mounting bracket 304.
[0074] As can be appreciated, the device 300 can include
cach of the previously mentioned components of the first
embodiment multi-capacitor liquid detection device. The
device 300 can include a control module and a capacitor
assembly located inside the housing 302 of the device 300.
[0075] Referring to FIG. 5A, a bottom perspective view of
the multi-capacitor liquid detection device 300 1s 1llustrated.
As shown, the device 300 can include a plurality of apertures
for allowing a liquid to enter the housing 302 of the device
300. As can be appreciated, the capacitor assembly can be
located on a bottom side of the device 300 to interface with
any liquids that enter the housing 302 via the apertures.
[0076] Referring to FIG. 3B, a top perspective view of the
multi-capacitor liquid detection device 300 1s 1llustrated. As
can be appreciated, the control module can be located on an
upper side of the device 300.
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[0077] Of note, the mounting bracket 304 can be 1mple-
mented to secure the device 300 at a predetermined height.
For instance, the device 300 may need to be placed at a
particular height for an application and the mounting bracket
304 can be implemented to secure the device at the particular
height.

[0078] In one example, the mounting bracket 304 can be
removed and the device 300 can be designed to float on a
body of water.

Alternative Embodiments and Variations

[0079] The various embodiments and variations thereof,
illustrated 1n the accompanying Figures and/or described
above, are merely exemplary and are not meant to limit the
scope of the invention. It 1s to be appreciated that numerous
other variations of the invention have been contemplated, as
would be obvious to one of ordinary skill 1n the art, given the
benefit of this disclosure. All variations of the invention that
read upon appended claims are intended and contemplated
to be within the scope of the mvention.

1. A multi-capacitor liquid detection device for use 1n a
two liquid environment, the device comprising:

a microcontroller;

a capacitive sensor operatively coupled to the microcon-
troller:;

a first parallel plate capacitor connected to the capacitive
sensor, the first parallel plate capacitor including a first
pair of plates having a first height;

a second parallel plate capacitor connected to the capaci-
tive sensor, the second parallel plate capacitor includ-
ing a second pair of plates having a second height; and

a mounting plate, wherein the first pair of plates and the
second pair of plates are each coupled to the mounting,
plate with a bottom of the first pair of plates extending
a predetermined distance past a bottom of the second
pair of plates.

2. The multi-capacitor liquid detection device of claim 1,
wherein the predetermined distance 1s based on a dielectric
constant for (1) air, (11) a first liguad, and (111) a second liquid.

3. The multi-capacitor liquid detection device of claim 1,
wherein a top side of the first pair of plates and a top side of
the second pair of plates are each coupled to the mounting
plate.

4. The multi-capacitor liquid detection device of claim 1,

wherein the predetermined distance 1s defined by a differ-
ence between the first height and the second height.

5. The multi-capacitor liquid detection device of claim 1,
wherein the microcontroller and the capacitive sensor are
coupled to a first side of the mounting plate and the first
parallel plate capacitor and the second parallel plate capaci-
tor are coupled to a second side of the mounting plate.

6. A method of implementing the multi-capacitor liquid
detection device of claim 1, the method comprising:

placing the multi-capacitor liquid detection device 1n an
environment adapted to recerve a first liquid, a second
liguid, and air;

measuring a capacitance of the first parallel plate capaci-
tor and determining a relative permaittivity based on the
measured capacitance;

determining 11 the relative permittivity of the first parallel
plate capacitor matches a dielectric constant of the first
liguid, the second liquid, or air; and
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verilying the second liquid 1s present 1n the environment
when the relative permittivity of the first parallel plate
capacitor matches the dielectric constant of the second
liquad.
7. The method of claim 6, wherein the step of verifying
the second liquid has been detected includes:
measuring a capacitance of the second parallel plate
capacitor and determiming a relative permittivity based
on the measured capacitance of the second parallel
plate capacitor when the relative permittivity of the first
parallel plate capacitor matches the dielectric constant
of the second liqud; and
determining if the relative permittivity of the second
parallel plate capacitor matches a dielectric constant of
the second liquid or arr.
8. The method of claim 7, turther comprising;:
sending a signal indicating the second liquid has been
detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
of the second liquid.
9. The method of claim 7, further comprising:
sending a signal indicating the first liquid has been
detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
of arr.
10. A method for negating a false detection of a liquid 1n
a two liquid system, the method comprising:
providing a multi-capacitor liquid detection device, the
device including a first parallel plate capacitor and a
second parallel plate capacitor;
wherein a bottom of the first parallel plate capacitor 1s
located a predetermined distance below a bottom of
the second parallel plate capacitor;
determining a relative permittivity of the first parallel
plate capacitor;
determining 11 the relative permittivity of the first parallel
plate capacitor matches a dielectric constant of a first
liquid, a second liquid, or air; and
verilying the second liquid has been detected when the
relative permittivity of the first parallel plate capacitor
matches the dielectric constant of the second liquid.
11. The method of claim 10, wherein the dielectric con-
stant of the first liquid 1s greater than the dielectric constant
of the second liquid.
12. The method of claim 10, wherein the step of verifying
the second liquid has been detected includes:
determining a relative permittivity of the second parallel
plate capacitor when the relative permittivity of the first
parallel plate capacitor matches the dielectric constant
of the second liqud; and
determining 1f the relative permittivity of the second
parallel plate capacitor matches a dielectric constant of
the second liquid or arr.
13. The method of claim 12, further comprising:
sending a signal indicating the second liquid has been
detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
of the second liquid.
14. The method of claim 12, further comprising:
sending a signal indicating the first liqmd has been
detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
ol air.
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15. The method of claim 10, wherein the multi-capacitor
liguid detection device includes:

a microcontroller;

a capacitive sensor operatively coupled to the microcon-

troller:;

the first parallel plate capacitor connected to the capaci-

tive sensor, the first parallel plate capacitor including a
first pair of plates having a first height; and

the second parallel plate capacitor connected to the

capacitive sensor, the second parallel plate capacitor
including a second pair of plates having a second
height.

16. The method of claim 10, wherein the predetermined
distance 1s based on a dielectric constant for (1) air, (11) the
first liquad, and (111) the second liquid.

17. The method of claim 135, wherein the capacitive sensor
1s adapted to measure a relative permittivity of the first
capacitor and the second capacitor.

18. A method for negating a false detection of a liqud 1n
a two liquid system, the method comprising:

providing a multi-capacitor liquid detection device, the

device including:
a microcontroller;

a capacitive sensor operatively coupled to the micro-
controller:;

a first parallel plate capacitor connected to the capaci-
tive sensor; and

a second parallel plate capacitor connected to the
capacitive sensor, wherein a bottom of the first
parallel plate capacitor 1s located a predetermined
distance below a bottom of the second parallel plate
capacitor;

measuring a capacitance of the first parallel plate capaci-

tor and determining a relative permittivity based on the
measured capacitance;

determiming if the relative permittivity of the first parallel

plate capacitor matches a dielectric constant of a first
liquid, a second liquid, or air;

measuring a capacitance ol the second parallel plate

capacitor and determining a relative permittivity based
on the measured capacitance of the second parallel
plate capacitor when the relative permittivity of the first
parallel plate capacitor matches the dielectric constant
of the second liquid; and

determining 1f the relative permittivity of the second

parallel plate capacitor matches a dielectric constant of
the second liquid or air;

sending a signal indicating the second liquid has been

detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
of the second liquid.

19. The method of claim 18, the method further compris-
ng:

sending a signal indicating the first liquid has been

detected when the relative permittivity of the second
parallel plate capacitor matches the dielectric constant
of air.

20. The method of claim 18, wherein (1) the two liquid
system 1ncludes the first liquid, the second liqud, and air;
and (11) the dielectric constant of the first liquid 1s greater
than the dielectric constant of the second liquid.
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