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DETECTION OF CLOGGED FILTER IN AN HVAC SYSTEM

BACKGROUND OF THE INVENTION

[0001] This invention utilizes pressure measurements in an HVAC system to

determine when an air filter has been clogged to the point that it should be replaced.

[00021 Filters are utilized to provide clean air to an HVAC system for circulation

within an environment to be heated or cooled. As is known, the filter is typically placed

upstream of a fan, and air is sucked through the filter, with impurities removed from the air.

100031 Over time, the filter becomes clogged, and eventually should be replaced.

A clogged filter presents challenges to the further operation of the fan, and increases the load

on the fan. Further, at some point, the filter may become so full that it ceases to allow air

flow, which is also undesirable.

[0004] In the prior art, there have been recommendations for periodic replacement

of the filter. As an example, one known thermostat is provided with a signal recommending

filter replacement after a period of time since the prior filter replacement. However, such

systems are based upon assumptions of filter condition, and not on actual filter condition.

Such assumptions can result in the filter being replaced too frequently, or not frequently

enough.

[00051 One known system utilizes a control that monitors the fan speed, and

predicts that the filter may be dirty, if fan speed indicates the filter is dirty. While this

method is more beneficial than the prior art "assumption" method, it would still be desirable

to provide alternative ways of determining filter condition.
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In accordance with a first aspect of this invention an HVAC system as

provided including:

a fan, and

a supply duct for supplying air to said fan, said fan being operable to

deliver air from said supply duct to an environment to be conditioned, and a filter

mounted to remove impurities from said air being delivered by said fan to said

0 environment;

a control being operable to receive an indication of pressures within said

S 10 system, and determine the condition of said filter based upon said pressures;

N said pressures received by said control includes both a previous pressure

and a current pressure, and the difference between said current and previous

pressures being utilized to provide an indication of the condition of a filter; and

a display provides an indication of a percentage clogged condition of the

filter.

Preferably, a maximum pressure is defined and is said current pressure

exceeds said maximum pressure, then an indication is made that the filter is

immediately in need of replacement. The display may include an indication of a

suggestion to replace the filter once said condition of said filter reaches a

predetermined condition. Conveniently, the previous pressure reading is an initial

pressure. The control may receive a replacement for the previous pressure when

a reset button associated with said control is actuated. Conveniently the current

and the previous pressure readings are static pressure readings.

In accordance with a further aspect of this invention, an HVAC system is

provided including:

a fan, and a supply duct for supplying air to said fan, said fan being

operable to deliver air from said supply duct to an environment to be conditioned,

and a filter mounted to remove impurities from said air being delivered by said fan

to said environment;

a control being operable to receive an indication of pressures within said

system, and determine the condition of said filter based upon said pressures;
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and a current pressure, and the difference between said current and previous

pressures being utilized to provide an indication of the condition of a filter;

a display provides an indication of a percentage clogged condition of the

filter; and

said pressures received by said control includes both a previous pressure
INO

and a current pressure, and the difference between said current and said

previous pressures being utilised to provide an indication of the condition of a

Sfilter;

said current and said previous pressure readings being static pressure

readings; and

said current and said previous static pressure readings are utilised with the

following formula to determine filter condition:

FILTER USED (CURRENT PREVIOUS)/(X*MAXIMUM-PREVOUS),

wherein x is a multiplier, and MAXIMUM is a previously defined maximum

pressure indicative of a clogged filter.

Preferred features of this further aspect may be as defined in claims 8 to

inclusive as annexed hereto, the subject matter of these claims being including

in the disclosure of this specification by this reference thereto.

The foregoing features and other preferred features of the present

invention will be better understood from the following specification and drawings

illustrating a preferred embodiment, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an HVAC system.

Figure 2 is a flowchart of the present invention.

Figure 3 is a graph of experimental values.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An HVAC system 20 is illustrated schematically in Figure 1. As shown,

HVAC system 20 operates to heat or cool an environment 22. A component 24,

such as a furnace, is provided with air from an inlet air duct 25. Typically, a filter

26 is placed on the inlet air duct 25, and upstream of a fan 28. Fan 28 pulls air

through inlet duct 25, filter 26,
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and through the furnace 24. From the furnace 24, the air is directed into a duct 30, and then

into various zones through sub-ducts 32, having dampers 34.

[00131 As mentioned above, it is desirable to periodically replace the filter 26 as it

may become clogged. The present invention relates to a method of determining when the

filter 26 should be replaced. A control 36, such as a microprocessor, is shown associated

with the thermostat 37, and is operable to provide information on the filter 26.

[00141 The present invention relies upon a recognition that static pressure is the

sum of pressure drops at three points, namely, through the duct system, across the furnace,

and across the filter. The pressure drops through the duct and furnace are generally constant

and predictable at any given air flow. However, the pressure drop across the filter increases

over time as the filter becomes loaded with dirt.

[00151 Static pressure can be calculated as a function of the delivered air flow,

and the sensed fan motor speed, taken with constants characterizing the particular furnace and

fan model. A most preferred algorithm for determining static pressure is disclosed in U.S.

Patent Application No. 10/426,463, filed April 30, 2003 and entitled "Method of Determining

Static Pressure in a Ducted Air Delivery System Using a Variable Speed Blower Motor," the

entire disclosure of which is incorporated herein by reference.

[00161 This invention recognizes that changes in static pressure are indicative of

the changing condition of the filter 26. This recognition is utilized to provide feedback at the

thermostat 37 of the actual condition of the filter 26. As can be seen, the thermostat 37 has a

visual "filter used display bar.

[0017] In a preferred method, the system takes an initial static pressure

measurement. This may be done initially when the system is first powered up and installed,



WO 2005/059669 PCT/US2004/042030

or any time a homeowner manually initiates a filter initiation by hitting a reset button. This

initial static pressure is associated in control 36 at thermostat 37 with a new or clean filter.

Changes from this initial static pressure are taken to be indicative of the changing condition

of the filter.

[0018] Current static pressure measurements are taken periodically. These

measurements may be done per each unit of time, once a day, again under the control of

microprocessor 36. The measurement could also be taken any time a user interface switches

the system to off from an operating mode, such as is done in association with a filter change.

[0019] As an aside, if the "current" static pressure measurement is ever less than

the "initial" static pressure measurement, the newly read current static pressure measurement

is substituted for the previously stored initial static pressure.

[0020] The static pressure measurements are preferably taken by microprocessor

36 turning off the heating or cooling mode for a fan pre-run period of time such as five

minutes. The fan 28 is preferably run at less than 100% of nominal cooling air flow 

When the measurement is done in response to a manual switch from off to an

operating mode, this continuous fan pre-run time before the measurement is reduced to two

minutes to provide a quicker response for a user wishing to see the result of a filter change.

The 70% level of fan operation is chosen to minimize noise during this measurement process,

while still providing adequate resolution.

10021] During the measurement, the fan motor speed readings are taken several

times, such as six times at 10-second intervals. These readings are then preferably averaged.

If the filter used bar on the thermostat 37 is viewed during this process, the used percentage is



WO 2005/059669 PCT/US2004/042030

preferably not shown. Instead, most preferably, some indication that an ongoing

measurement is taking place MEASURING) is displayed.

[0022] If heating or cooling is interrupted to compute the measurement, a control

logic in microprocessor 36, preferably ensures that staging timers do not further delay the

provision of heating or cooling once the measurement is complete. As mentioned above, the

static pressure is most preferably determined based upon the proprietary formula mentioned

in the above-referenced application. However, a worker of ordinary skill in the art would be

able to establish other ways of determining static pressure. Given the reduction of the fan

motor to 70%, some multiplier is preferably multiplied by the determined static pressure to

get to the actual value two times the measured value to provide a value at full nominal

cooling air flow).

[00231 A maximum static pressure may also be identified. This represents the

capability of the indoor fan to deliver full cooling air flow against a clogged filter. This

maximum static pressure is indicative of a fully clogged filter 26, and is determined based

upon the furnace and fan model, and the AC or heat pump size relative to the largest

allowable AC and heat pump size. That is, the maximum static pressure is defined as some

system characteristic, which would vary dependent upon the select combination of

components in the system, but which would otherwise be generally fixed for the system once

determined. This maximum static pressure is preferably stored within microprocessor 36.

The maximum static pressure may be determined once microprocessor 36 understands each

of the several components in the actual system, or could be some pre-set number that is an

approximation of what is likely to be a preferred maximum static pressure.
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[0024] As shown in Figure 2, once the static pressure measurements are complete,

a filter used percentage calculation can be taken. In the flowchart of Figure 2, it can be seen

that the preferred method takes up the difference between a current static pressure and the

initial pressure, and divides that by a percentage of the difference between maximum and

initial. Most preferably, the filter used percentage is rounded up or down to the nearest 

towards its previous value to provide some desired hysteresis. On the other hand, if the filter

used percentage is less than it is preferably rounded down to This will ensure that

when a clean filter 26 replaces a prior filter 26, it will begin with a 0% reading.

[0025] If the filter used percentage is 100% or greater, the used bar on the

thermostat 36 is shown filled out but a printed out numeric value preferably shows the actual

determined percentage number even if it is higher than 100%.

[00261 Most preferably, the following formula is used:

FILTER USED (CURRENT INITIAL)/(0.6*(MAXIMUM-INITIAL)).

[0027] The preferred formula takes into account both how much the filter 26 has

loaded up (current initial) as well as how much initial pressure drop the system is capable of

tolerating (maximum initial). The multiplier X 0.6) allows different initial values to

result in 100% loading values. Of course, multipliers other than 0.6 can be used. A lower

initial pressure drop results in a greater allowable increase before the filter is used up. On the

other hand, a higher initial pressure drop allows less room to increase, but the filter life may

end at a higher absolute static pressure if it is still within the acceptable limit. This is shown

for example in the graph shown in Figure 3 which is a measurement of varying "filter used"

versus "current static pressure." Note that higher current pressures are achieved as "filter

used" approaches 100%, given distinct and increasing initial static pressures.
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[0028] In a zoned system, the method described above may be generally repeated,

however it is most desirable that all of the dampers 34 are held open during the measurement

process. There may be developments of various systems that can predict a static pressure in a

"common" part of a zoned system. That is, the static pressure may be determined in areas

that are not specific to the zones not including sub-ducts 32). Since the filter 26 is

within this common area, it is only this static pressure that is necessary for this invention.

[00291 In sum, the present invention defines a method for determining the actual

condition of a filter 26, and a prediction of its percentage of remaining life. Since it is actual

condition that is utilized, the invention more accurately predicts the condition of the filter 26,

and ensures filters 26 are replaced when necessary, but at the same time eliminates

replacement of a filter 26 that still has remaining useful life.

10030] Although a preferred embodiment of this invention has been disclosed, a

worker of ordinary skill in this art would recognize that certain modifications would come

within the scope of this invention. For that reason, the following claims should be studied to

determine the true scope and content of this invention.
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1. An HVAC system including:

Sa fan, and a supply duct for supplying air to said fan, said fan being

0operable to deliver air from said supply duct to an environment to be conditioned,

and a filter mounted to remove impurities from said air being delivered by said fan

to said environment;

a control being operable to receive an indication of pressures within said

rim system, and determine the condition of said filter based upon said pressures;

said pressures received by said control includes both a previous pressure

c 10 and a current pressure, and the difference between said current and previous

pressures being utilized to provide an indication of the condition of a filter; and

a display provides an indication of a percentage clogged condition of the

filter.

2. The HVAC system as set forth in claim 1, wherein a maximum pressure is

defined, and if said current pressure exceeds said maximum pressure, then an

indication is made that the filter is immediately in need of replacement.

3. The HVAC system as set forth in claim 1, wherein said display includes an

indication of a suggestion to replace the filter once said condition of said filter

reaches a predetermined condition.

4. The HVAC system as set forth in claim 1, wherein said previous pressure

reading is an initial pressure.

The HVAC system as set forth in claim 4, wherein said control receives a

replacement for said previous pressure when a reset button associated with said

control is actuated.

6. The HVAC system as set forth in claim 1, wherein said current and said

previous pressure readings are static pressure readings.
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C 7. An HVAC system including:

a fan, and a supply duct for supplying air to said fan, said fan being

Soperable to deliver air from said supply duct to an environment to be conditioned,

0and a filter mounted to remove impurities from said air being delivered by said fan

to said environment;

a control being operable to receive an indication of pressures within said
(N

0system, and determine the condition of said filter based upon said pressures;

Ssaid pressures received by said control includes both a previous pressure

and a current pressure, and the difference between said current and previous

c 10 pressures being utilized to provide an indication of the condition of a filter;

a display provides an indication of a percentage clogged condition of the

filter; and

said pressures received by said control includes both a previous pressure

and a current pressure, and the difference between said current and said

previous pressures being utilised to provide an indication of the condition of a

filter;

said current and said previous pressure readings being static pressure

readings; and

said current and said previous static pressure readings are utilised with the

following formula to determine filter condition:

FILTER USED (CURRENT PREVIOUS)/(X*MAXlMUM-PREVOUS),

wherein x is a multiplier, and MAXIMUM is a previously defined maximum

pressure indicative of a clogged filter.

8. The HVAC system is set forth in claim 7, wherein X is a multiplier that is

less than 

9. The HVAC system as set forth in claim 8, wherein X is equal to 0.6.
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The HVAC system as set forth in claim 7, wherein said previous pressure

reading is an initial pressure reading.

SCARRIER CORPORATION

WATERMARK PATENT TRADE MARK ATTORNEYS
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