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I*I Industrie Canada  Industry Canada



CA 02303729 2000-04-05

ABSTRACT

An air filter cleanness gauge is provided. The gauge in a preferred embodiment
includes a transparent cover. The housing has a first opening for fluid communication with
the atmosphere and a second opening having fluid communication with a fluid source
exposed to a filter. A vane is pivotally connected within the housing and provides a
pressure boundary between the first and second openings. Movement of the vane
indicates a change in pressure differential between the atmosphere and the fluid source,

thereby indicating a need to change the air filter.
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AIR FILTER GAUGE

FIELD OF THE INVENTION

The field of the present invention is that of fluid filter cleanness gauges. More
particularly, the field of the present invention is that of a gauge to determine the cleanness

of a filter used in a heating, ventilation, or air conditioning (HVAC) system.
PRIOR DEVELOPMENTS

Most conventional HVAC systems for homes or light commercial building use have
a replacecable incoming air filter. Additionally, many vehicle HVAC systems also have
replaceable filters. The filter is used to entrap dust and other foreign matter in the air and
to prevent their distribution into the HVAC machinery. The filter is also used to prevent
dust or other foreign matter from entering the interior environment of the building or
vehicle. As the filter is fouled and accumulates dust, a greater pressure drop is experienced
as the air passes through the filter. If the filter is not replaced this pressure drop can

become excessive and reduce the efficiency of the HVAC system.

To prevent a reduction in efficiency, the HVAC opcrator should appropriately
change the air filter. However, fouling of the filter is dependent upon many factors
including the exterior and interior environments and the rate of usage of the HVAC system.
Therefore, fouling of the air filter is not always linear with respect to time. Howevcer, many
filter replacements were completed on a time-based formula which may or may not

accurately reflect the fouling of the filter.

To overcome the above-noled haphazard approach to filter replacement, filter

cleanness gauges have been provided. A filter cleanness gauge typically monitors filter

cleanness by monitoring the pressure differential between an ambient air reservoir and the
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plenum between the filter and the blower of the HVAC system. A prior filter cleanness
gauge is shown and described in Dwyer, et al., U.S. Patent No. 3,024,655. Dwyer
provides a filter gauge which has a body of molded transparent plastic material having a
vertically positioned float tube. The upper end of the float tube communicates with the
plenum chamber at the suction side of the air circulating fan of the HVAC system. The
float tube has inserted therein a float ball. Although the Dwyer filter gauge performs in a
satisfactory manner, it brings forth certain disadvantages. The first disadvantage is that the
plastic molding is somewhat complex. The second disadvantage is that the filter gauge can
ingest dust and other foreign matter into the float chamber. Over a period of time, the dust
and forcign matter can cause the float to operate improperly or to be obscured from easy
viewing. Another filter cleanness gauge is provided by the Honeywell S830A filter
cleanness gauge. The Honeywell filter cleanness gauge has a diaphragm member and
therefore is less susceptible to malfunction due to the ingestion of dust in the air.
However, the Honeywell air cleanness gauge is relatively large and bulky, requires
electrical connections, and is relatively expensive. Although the aforementioned filter
cleanness gauges have been successfully used, it is a constant desire to provide such a
gauge with equal or superior functioning characteristics while at the same time providing
a gauge at a lower manufacturing cost. It is also desirable to provide a filter cleanness
gauge which does not require a costly diaphragm member. 1t is also a desire to provide
a filter cleanness gauge which does not utilize a diaphragm member but is less susceptible

to fouling due to the ingestion of dust into the gauge from an opening to the ambient air.

SUMMARY OF THE INVENTION

To meet the above-noted and other desires the revelation of the present invention

is brought forth. In a preferred embodiment the present invention brings forth a filter air
pressure clecanness gauge that is free from any requirement of utilization of a diaphragm
member. The filter cleanness gauge of the present invention also provides a freedom from

fouling due to dusty ambient air conditions. Furthermore, the present invention provides
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the liberty of remote installation of the filter cleanness gauge. Still further, the present
invention in a preferred embodiment provides the liberty of an air filter cleanness gauge
which can be readily modified for different filter pressure conditions with the change of
one small component, therefore providing a single filter cleanness gauge which can
function in a plurality of filter conditions without the necessity of extensive change of the

filtering cleanness gauge design or dimensions.

In a preferred embodiment, the present invention provides a filter cleanness gauge
which includes a housing with a transparent cover. The housing has a first opening into
the atmosphere. The first opening has a variable orifice. The housing has a second
opening spaced away from the first opening. The second opening has fluid
communication with a fluid source exposed to the filter. A pivotal vane is mounted within
the housing and provides a pressure boundary between the first and second housing
openings wherein a pressure differential between the atmosphere and the fluid source
exposed to the filter causes the vane to pivot to indicate a pressure differential

representative of the cleanness of the filter.

It is an object of the present invention to provide a filter cleanness gauge. It is an
objact of the present invention to provide a filter cleanness gauge which does not utilize
a diaphragm. It is an object of the present invention to provide a filter cleanness gauge
which in a preferred embodiment can be protected from fouling due to dust or foreign
matter in ambient air. It is an object of the present invention to provide a filter cleanness
gauge which can be utilized in a multitude of pressure ranges and which can also be
remotely mounted. It is an object of the present invention to provide an air filter cleanness
gauge with a dial presentation that is easy to read and interpret. It is an object of the
present invention to provide an air filter cleanness gauge with a straightforward calibration
procedure. L is an object of the present invention to provide a filter cleanness gauge
which is easy to install, can be remotely mounted and is casy to assemble at a low cost.

It is still further an object of the present invention to provide a filter cleanness gauge which
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can be used with different blower-filter combinations such as warm air furnaces, air
conditioners, automotive cabin air filters, etc. It is still further an object of the present
invention to provide a filter cleanness gauge with a pivotal vane wherein the pivotal vane
can be varied in the molding procedure to accommodate different pressure differential

sensitivities.

The above features and advantages of the present invention will be apparent from
the following description of the preferred embodiment considered in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevational view of a forced-air furnace utilizing a filter cleanness

gauge according to a preferred embodiment of the present invention.

Figure 2 is an enlarged front elevational view of the filter cleanness gauge shown

in Figure 1.

Figure 3 is an enlarged exploded view of the components of the filter cleanness

gauge shown in Figures 1 and 2.

Figure 4 is a front elevational view of a portion of a housing of the filter cleanness

gauge shown in Figures 1-3.
Figure 5 is a sectional view taken along lines 5-5 of Figure 4.

Figure 6 is a sectional view taken along lines 6-6 of Figure 4.
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Figure 7 is a side elevational view of a vane of the filter cleanness gauge shown in

Figures 3, 4 and 5.

Figure 8 is a side elevational view of the pivotal vane shown in Figure 7.
Figure 9 is an alternate preferred embodiment vane.

Figure 10 is a side elevational view of an alternate preferred embodiment fluid
pressure gauge according to the present invention wherein the pressure gauge is installed

in a remote location.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates a preferred embodiment fluid filter cleanness gauge 7 being
utilized in the environment of a forced-air furnace 10. The furnace 10 has an air intake
duct 12 with a lower elbow 14. The outlet of the elbow 14 is fed into an intake 18 of a
filter housing 20. The filter housing 20 mounts a fluid filter 22, commonly referred to as
an air {ilter, to remove dust and other foreign matter from the air. The filter 22 will
typically be a replaceable or cleanable filter. The outlet 24 of the filter housing feeds into
a plenum 26 of the furnace. The plenum 26 of the furnace feeds air into a lower
compartment 28. The air is then pressurized by a blower 30 to enter into a heating
chamber 32. The heating chamber 32 typically includes a plurality of heét exchangers
which receive thermal energy from a natural gas burner (not shown). The heated air then

leaves the furnace 10 and enters into the warm air duct work 34 of a building.

The filter 22 is utilized to prevent dust and other foreign matter from entering into
the furnace 10 and thereafter being distributed through the warm air duct 34 and into the

building. As will be apparent to those knowledgeable in the art, a pressure drop exists
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from an intake side 17 of the filter 22 to an outlet side 19. It is apparent to those skilled
in the art that this pressure drop increases with fouling of the filter 22. It is also apparent
to those skilled in the art that the fouling of the filter 22 is related to the pressure drop
across the filter 22. Pressure drop across the filter 22 can be detected by monitoring the

oressurc change in the plenum 26. To measure the pressure changes in plenum 26, there

is provicled a fluid filter cleanness or air filter gauge 7.

Referring additionally to Figures 2-8, the air filter gauge 7 has a housing 40. The
housing 40 has two larger components. The first large component is a base 42. The base
42 is typically made from a molded polymeric substance such as high impact polystyrene
plastic. To provide a clear background the base is often molded in white. The second
large component is a cover 44. The cover 44 is typically made from a translucent,
preferably transparent polymeric substance such as a clear acrylic or other suitable
alternative. The cover 44 has a face 46 and a rim 48 which is fitted over a rim 50 of the
base and is hermetically affixed thereto. The base 42 as mentioned previously has a rim
50 which is adjoined to a wall 54. Between the wall 54 of the base 42 and the face 46 of
the cover 44 there exists a first major pressure volume. The cover 44 and base 42 each
have three holes or bores 58 to allow them to be connected by fasteners 60. The fasteners
60 may be conventional screws which penetrate the cover 44 and base 42 into the
structure of the furnace 10 or can be plastic expansion-type screws which hold just the

cover 44 to the base 42.

The base 42 has extending from its wall 54 a studded cylinder with a through bore
61 providing a screw mount 62. The screw mount 62 mounts an elongated, headed orifice
member which is provided by a flat head screw 64, as shown in Figure 5. A first opening

is provided in the cover face 46 by an aperture 66 having a taper 68. The head of the flat
hoad screw 64 is moved in loward and out from the bore 66 by rotation of the screw 64

by a simple screwdriver engaging the screw head 70 to orifice the first opening.
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As best shown in Figures 3, 4 and 6, a pin 76 is mounted into a bore which is
predrilied into the wall 54 of the base 42. Opposite the wall 54, an end of the pin 76 is
abutted by the face 46 of the cover. The pin 76 as shown would typically be made from
a carbon steel having a black oxide finish or a stainless steel which has been ground and

polished, or other suitable alternatives.

Pivotally connected on the pin 76 is a vane 82. The vane 82 is typically somewhat
less than 1-% inches long and is shown as made from a rigid plastic such as a high impact
black polystyrene or other suitable alternatives. The vane 82 has a head 83 with a bore 84

which encircles the pin 76. Connected with the head 83 is a leg 85. The vane 82 pivots
freely upon the pin 76 and in a rest position, the van leg 85 assumes the position shown
in Figure 3 wherein it hangs almost vertically. The vane 82 can be made of one piece with
a cavity 89 of different depths by adjusting a core in the molding die. Increasing the depth
of the cavity reduces the weight of the vane. Figure 9 shows the vane 82 without a cavity
in leg 85. The cavity can have a depth of 0.000 to 0.035 inch. The depth of the cavity and
the resultant angular moment of inertia of the vane 82 are selected according to the
predetermined desired pressure differential sensitivity of the air filter gauge 7. In a rest
position the vane leg 85 hangs essentially vertically and abuts a lower stop 90. The stop
90 along with an edge of a boss 92 forms a nest 94. At an opposite end of the base 42 is
a corresponding nest 96. The nests 94 and 96 mount a dust screen filter 100 adjacent the
vane 82 (in the vane rest position). The screen filter 100 as shown is made from a monel
or stainless wire cloth or other suitable alternatives having a 60 x 60 mesh. The screen
filter 100 divides the interior of the housing into a first control volume in fluid
communication with the first opening 66 and a second control volume having fluid
communication with the second opening 104. The screen filter 100 prevents fouling of a
portion of the housing wherein the vane moves in and helps to contribute to a longer life

(or the filler cleanness gauge 7.
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The second fluid opening 104 is connected with a tubular member 108. The end
110 of the tubular member 108 fluidly communicates with a fluid source at a second
pressure typically the plenum 26 of the furnace. The tubular member 108 also provides
the function of structurally hanging the filter pressure gauge 7 to the furnace 10. The
tubular member 108 is integral with the base 42. In the air filter cleanness gauge 207 as
shown in Figure 10, an elongated flexible tubing 210 attached to tubular member 108
allows the filter gauge to monitor the cleanness of a filter from the outside wall of the
furnace room for example or other remote locations. The expansion-type screws 60 are
replaced with screws 260 which allow the filter cleanness gauge 207 to be fixably attached
to the furnace room wall 234. The opposite end of the flexible tubing is inserted through

an opening in plenum 26 (Fig. 10) to monitor pressure change in the plenum.

An indicator marking facing 130 is provided which can be connected by fastener
60 or acthesively applied to the face 46 of the cover 44. The facing 130 provides visual
communication to a HVAC operator of what positions of the vane 82 that replacement of

filter 22 is desired.

The operation of the air filter cleanness gauge is as follows. An aperture is made
in the furnace 10 to allow entry of the tubular member 108. The back of the wall 54 will
typically have self-adhesive strips (not shown) to allow the air filter cleanness gauge 7 to
adhere to the furnace wall. The air filter cleanness gauge 7 second opening 104 will have
fluid communication with the plenum chamber 26 of the suction side of the blower 30.
As such, the opening 104 will be under a slight suction as will the interior of the housing
40. The [irst passage 66 fluidly communicates with the atmosphere. The entry of air from
the atmosphere passes through the filter screen 100 and engages against the vane 82. The

filter screen 100 prevents the interior of the air pressure cleanness gauge from being fouled
from dust in the air. A slight amount of air passes underneath the vane 82 in a clearance

area 144; however, the rate of air flowing underneath the vane 82 is diminumis. An

operator will utilize a screwdriver to turn the head 70 of the adjustment screw to orifice
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the air flowing into the first fluid opening 66. The adjustment will be made such that the

vane 82 is calibrated to a starting point 138 upon the replacement of a new filter 22.

During operation of furnace 10, dust in the air flowing through the duct 12 will foul

the filter 22. Fouling of the filter 22 will cause a greater pressure differential to be

experienced across the filter 22. The greater pressure differential will cause a lowering of
the pressure in plenum 26. The lowering of fluid pressure in plenum 26 will be fluidly
communicated with the air filter gauge 7 via the second opening 104 causing the vane 82
to pivot in a counter-clockwise direction, as shown in Figure 2. As the vane 82 continually
pivots in a counter-clockwise direction, it will eventually indicate into the area 136 alerting
the furnace operator for the need of a replacement of the filter 22. Upon replacement of
filter 22, the screw 64 will again be rotated to bring the vane 82 to its proper calibration

point 138.

In view of the above description, it will be seen that several features and advantages
of the invention are achieved and other advantageous results are obtained. Since various
changes can be made in accordance with the above construction without departing from
the scope of the invention, it is intended that all matter contained in the above description

or shown in the accompanying drawings shall be interpreted as illustrative and not in a

limitec sense.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS.

1. A fluid filter cleanness gauge comprising:

a housing with a translucent cover, said housing having a first opening into
said housing for fluid communication with a fluid source at a first pressure, said first
opening having a variable orifice, and said housing having a second opening spaced away
from said first opening, said second opening having fluid communication with a second
fluid source exposed to a filter at a second pressure; and

a pivotal vane mounted within said housing providing a pressure boundary
between said first and second openings wherein a pressure differential between said first

and second pressure sources causes said pivotal vane to pivot to indicate said pressure

differential.

2. A fluid filter cleanness gauge as described in claim 1 wherein said cover is
transparent.

3. A fluid filter cleanness gauge as described in claim 1 wherein said housing

has indicator markings for visual communication to an observer at what positions of said

pivotal vane a filter replacement is desired.

4. A fluid filter cleanness gauge as described in claim 1 wherein said second
opening is connected with a tubular member which is inserted through a control volume

boundary.

5. A fluid filter cleanness gauge as described in claim 1 wherein said first
opening variable orifice is provided by an elongated member with a head and movement

of said head with respect to said first opening orifices said first opening.
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6. A fluid filter cleanness gauge as described in claim 5 wherein said elongated

member is threaded and rotation of said elongated member moves said head with respect

to said first opening.

7. A fluid filter cleanness gauge as described in claim 1 wherein said pivotal

vane in a rest position is generally oriented vertically.

8. A fluid filter cleanness gauge as described in claim 1 wherein there is a filter
forming a control volume boundary between said first and second openings of said

housing.

9. A fluid filter cleanness gauge as described in claim 8 wherein said pivotal

vane moves about in a control volume bounded by said filter and said second opening.

10 A fluid filter cleanness gauge as described in claim 8 wherein said filter is

generally adjacent said pivotal vane when said pivotal vane is in a rest position.

11. A fluid filter cleanness gauge as described in claim 8 wherein said pivotal

vane in a rest position abuts a stop and said stop mounts an end of said filter.

12. A fluid filter cleanness gauge as described in claim 1 wherein said pivotal

vane is formed from a rigid polymeric material.
13. A fluid filter cleanness gauge as described in claim 1 wherein the pivotal

vane can be molded to a weight to determine a sensitivity range of said fluid cleanness

gauge.
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14.  Afluid filter cleanness gauge as described in claim 13 wherein said vane has
a cavity and the depth of said cavity determines the sensitivity range of said filter cleanness

gauge.

15.  Afluid filter cleanness gauge as described in claim 1 wherein said housing

is molded from a polymeric material.

16. A fluid filter cleanness gauge as described in claim 1 wherein said housing

mounts a pivot pin and said pivotal vane is pivotally connected upon said pivot pin.

17. A fluid filter cleanness gauge comprising:

a polymeric housing with a transparent cover, said housing having a first
opening for fluid communication with an atmospheric pressure source, said first opening
having a variable orifice provided by a threaded fastener mounted within said opening with
a head, wherein said head can be moved toward and away said housing to orifice said first
opening, and said housing having a second opening spaced away from said first opening,
said second opening having fluid communication with a plenum chamber exposed to an
air filter, said second opening being connected with a tubular member extending through
a pressure boundary;

a filter member mounted within said housing forming first and second
control volumes within said housing between said first and second openings:

a rigid vane pivotally connected within said housing between said first and
second openings having a generally vertical rest position wherein a pressure differential
between said atmosphere and said plenum chamber causes said pivotal member to

indicate said pressure differential.
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18.  An air filter cleanness gauge comprising:

a plastic housing with a transparent cover, said housing having a first
opening for fluid communication with an atmospheric pressure source, said fluid opening
having a variable orifice provided by a threaded fastener mounted within said opening with
a head, wherein said head can be moved toward and away from said housing to orifice
said first opening, and said housing having a second opening spaced away from said first
opening, said second opening having fluid communication with a second fluid source at
a second pressure source exposed to a filter, said second opening being connected with
a tubular member extending through a control volume boundary;

the indicator markings on said housing for visual communication to an
observer at what positions of said pivotal vane a filter replacement is desired:

a filter member mounted within said housing forming first and second
control volumes within said housing between said first and second openings;

a rigid pivotal vane pivotally connected on a pin mounted within said
housing between said first and second openings having a generally vertical rest position
wherein a pressure differential between said first and second pressure sources causes said
vane to align with said indicator marking on said housing to indicate a need to change said

air filter.

19.  Anair filter cleanness gauge as described in claim 18 wherein said tubular

member extends through at least two control volume boundaries.
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