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METHODS AND SYSTEMS TO MEASURE FLUID FLOW

FIELD OF TECHNOLOGY

Embodiments disclosed herein relate generally to methods and systems to
measure a volumetric fluid flow rate through a fluid passage. More particularly, the
embodiments disclosed here relate to measuring volumetric airflow in, for example, an
air handler of a heating, ventilation and air conditioning (HVAC) system, such as a

rooftop HVAC system.

BACKGROUND

Some applications and apparatuses may require measuring a volumetric fluid flow
rate through a fluid passage, such as a conduit or duct. For example, in a rooftop HVAC
system, it is often desirable to know the volumetric airflow that the rooftop HVAC
system brings into a building in real time. One example of an airflow monitoring system
for a HVAC system is the Traq' ™ airflow monitoring system manufactured by the Trane
Company (LaCross, WI, U.S.A.). The Traq™ airflow monitoring system typically
includes an airflow sensor, such as described in U.S. Patent 4,344,330, in an airflow
modulation device, such as described in U.S. Patents 5,741,180 and 5,674,125. In cach
Traq"™ airflow monitoring system, the airflow sensor can measure the volumetric airflow
through the airflow modulation device. An air intake conduit of the HVAC system may
be equipped with one or more Traq™ airflow monitoring systems, so that essentially the
entire air intake by the HVAC system may go through the Traq™ airflow monitoring
system(s). The total volumetric air intake flow then can be calculated by adding the

volumetric airflow values measured by individual Traq™™ airflow monitoring system.

SUMMARY
HVAC systems of different capacities may require different minimal volumetric
flow intake. Generally, a HVAC system with a larger capacity may require a minimal

volumetric airflow that is higher than one with a smaller capacity.
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In addition, it may be desirable that a fluid flow measuring device of an apparatus,
such as the Traq" ™ airflow monitoring system of a HVAC, comply with certain industrial
standards for measuring accuracy. For example, to be in compliance with applicable
Leadership in Energy and Environment Design (LEED) requirements, the HVAC system
may have to be equipped with “a direct outdoor airflow measurement device capable of
measuring the minimum outdoor airflow rate with an accuracy of plus or minus 15% of
the design minimum outdoor air rate, as defined by ASHRAE 62.1-2004.”

Methods and systems to help measure a volumetric fluid flow rate through a fluid
flow passage are described herein. In some embodiments, a fluid flow passage may
include a fluid flow-through passage, a fluid flow measuring passage equipped with a
flow rate measuring device, and a partition that generally defines the fluid flow-through
passage. In some embodiments, the partition may be configured so that, when the fluid
flow passage carries a minimal volumetric fluid flow, the fluid rate through the fluid flow
measuring passage is at about a minimal sensitivity flow rate. The minimal sensitivity
flow rate may be determined, for example, by accuracy/sensitivity of the flow rate
measuring device. The embodiments as disclosed herein can help conduct a fluid flow
measurement that complies with, for example, industry accuracy requirements, and the
measurement can be taken in the fluid flow measuring passage that may occupy only a
portion of the fluid flow passage.

In some embodiments, the minimal volumetric fluid flow rate may be determined,
for example, by specifications of an apparatus and/or applications that employ the fluid
flow passage, such as for example HVAC air handlers, and/or duct systems. In some
embodiments, the minimal sensitivity flow rate requirement may be determined by a
measurement accuracy and/or sensitivity of the fluid flow measuring device. The method
may also include blocking a portion of the fluid flow passage so that when the minimal
volumetric fluid flow rate is provided to the fluid flow passage, the flow rate in the
measuring section is at about the minimal sensitivity flow rate.

In some embodiments, a fluid flow passage may include a measuring section and
a by-pass/flow-through section. A method of measuring the volumetric fluid flow rate
may include obtaining a flow rate measurement in the measuring section of the fluid flow

passage by measuring a parameter of the fluid flow (e.g. a pressure drop), obtaining a
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flow rate through the fluid flow passage by plotting the measured parameter value in the
fluid measuring section against, for example, a predetermined correlation (e.g. correlation
graphs or lookup tables) between the parameter value and the flow rate in the by-
pass/flow-through section. The total flow rate may be determined by adding up the flow
rates in the measuring section and the by-pass/flow-through section.

In some embodiments, the methods and systems to measure a volumetric fluid
flow rate described herein may be adopted for an air intake (e.g. air handler) of a HVAC
system, which may include an airflow measuring passage, an airflow flow-through
passage, and a partition defining the airflow flow-through passage. In some
embodiments, the HVAC system may have a minimal volumetric air intake requirement,
and the airflow measuring passage may have a minimal air pressure drop requirement. In
some embodiments, the partition may be configured so that when the air intake conduit is
provided with the minimal volumetric air intake, the airflow measuring passage is at

about the minimal air pressure drop.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a method to obtain a volumetric measurement of a fluid flow.

FIGS. 2A and 2B illustrate a schematic view of a fluid flow passage that includes
a volumetric fluid flow rate measuring device. FIG. 2A is a side view. FIG. 2B is a
sectional view from line A-A in FIG. 2A.

FIG. 3 illustrates an example of a correlation between an airflow rate
measurement by an airflow measuring device and a total airflow rate in an airflow
passage.

FIG. 4 illustrates a method to configure a partition of a fluid flow passage.

FIGS. 5A and 5B illustrate an air intake of a HVAC system with one airflow
measuring device. FIG. 5A is a front perspective view. FIG. 5B is a back perspective
view.

FIG. 6 illustrates an airflow measurement in an air intake of a HVAC system with

an airflow measuring device.
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DETAILED DESCRIPTION

Measuring volumetric fluid flow, such as measuring volumetric air intake for a
rooftop HVAC system is often desirable. Many fluid flow measuring devices have been
developed to measure the volumetric fluid flow. For example, a Traq' ™ airflow
monitoring system by the Trane Company is designed for measuring a rate of the airflow
intake of a HVAC system. In the Traq™™ airflow monitoring system, an airflow
measuring device is configured to measure an air pressure drop in the airflow, which may
correlate to a speed of the airflow through an airflow modulation device. The airflow
speed may correlate to a volumetric rate of the air flowing through the airflow
modulation device. By measuring the air pressure drop, the volumetric rate of the airflow
through the Traq™™ airflow monitoring system can be obtained.

On the other hand, to get an accurate fluid flow measurement, for example,
required by an industrial standard, the fluid flow measuring devices may have to meet a
certain minimum requirement. For example, in the Traq"™ airflow monitoring system,
the air pressure drop measuring device may require a minimal air pressure drop for the
device to measure the airflow within an accuracy defined by ASHRAE 62.1-2004. If the
air pressure drop is below the minimal requirement, the measurement by the Traq' ™
airflow monitoring system may not meet the accuracy defined by ASHRAE 62.1-2004.

Methods and systems to measure a volumetric fluid flow rate through a fluid flow
passage are described herein. In some embodiments, a fluid flow passage may include a
flow measuring passage, a flow-through passage, and a partition that generally defines
the flow-through passage. In some embodiments, the fluid flow passage may be provided
with a minimal flow rate that is, for example, required by applications of the fluid flow
passage, such as a HVAC system air handler. In some embodiments, the partition may be
configured so when the fluid flow passage carries the minimal flow rate, a flow rate
measured in the flow measuring passage may be at about a minimal sensitivity flow rate
that is, for example, required by accuracy and/or sensitivity of a flow measuring device.
In some embodiments, a method of measuring the volumetric fluid flow rate may include
obtaining a flow rate measurement in a measuring section of the fluid flow passage by
measuring a parameter of the fluid flow, and obtaining a flow rate through the flow-

through passage based on a predetermined correlation between the parameter value in the
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measuring section and the flow rate in the flow-through passage. A total flow rate
through the fluid flow passage may be calculated by adding up the flow rate measured in
the measuring section and the flow rate obtained by the correlation between the measured
parameter value and the flow rate in the flow-through area. In some embodiments, the
methods and systems as described herein may be adopted for an air intake (i.c. air handler)
of a HVAC system.

References are made to the accompanying drawings that form a part hereof, and
in which is shown by way of illustration of the embodiments in which the embodiments
may be practiced. It is to be understood that the terms used herein are for the purpose of
describing the figures and embodiments and should not be regarded as limiting the scope

2% ¢

of the present application. Terms such as “flow rate,” “volumetric flow rate,”
“volumetric rate,” “fluid flow rate,” are all referred to an amount of fluid flow-through a
conduit or passage in a certain period of time. These terms are interchangeable.

Fig. 1 illustrates a method of measuring a total volumetric fluid flow rate Qr
through a fluid flow passage 100. As illustrated, in a fluid flow passage, an inward fluid
flow Qs can be split into a measuring fluid flow Q, and a by-passing fluid flow Q,. A
fluid flow measuring device may be positioned in the measuring fluid flow Q,, and can be
configured to measure the volumetric fluid flow rate value of Q,, by, for example,
measuring at least one parameter of the fluid flow, such as a pressure drop in the fluid
flow. The by-passing fluid flow Q,, generally is not equipped with a volumetric fluid
flow rate measuring device. The volumetric fluid flow rate of Q, may be obtained, for
example, by plotting a measured parameter value in Q,, against a predetermined
correlation (e.g. correlation graphs or look-up tables) between the parameter value and
the volumetric fluid flow rate of Q,. The total fluid flow Qr can be obtained by adding
up the measured Qn, value and the Q, value obtained.

It is to be appreciated that the volumetric fluid flow rate can also, for example, be
measured by a hot wire meter, a vane meter, a coriolis meter or other suitable devices.

Referring to Figs. 2A and 2B, an embodiment of a section of a fluid flow passage
200 configured to measure a total fluid flow rate Fi through the fluid flow passage 200
is described. The fluid flow passage 200 includes a conduit 210, a fluid flow measuring

passage 215, a fluid flow-through passage 217 and a partition 220 that generally
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accommodates the fluid flow measuring passage 215 and defines the fluid flow-through
passage 217. The fluid flow measuring passage 215 includes a fluid flow measuring
device 225 that is generally configured to measure a volumetric fluid flow rate through
the fluid flow measuring passage 215. The fluid flow measuring device 225 is coupled
with a calculating device 230 that is configured to determine the volumetric fluid rate
flowing through the fluid flow measuring passage 215. In some embodiments, the
calculating device 230 may also be configured to determine the total volumetric fluid
flow rate Fio through the conduit 210. The fluid flow-through passage 217 is generally
configured to allow at least some of the fluid flow to by-pass the fluid flow measuring
passage 215. By-passing the fluid flow measuring passage 215 may help reduce a
pressure drop in the fluid flow passage 200.

Referring to Fig. 2B, a sectional view along a line A-A of Fig. 2A is illustrated.
The conduit 210 of the embodiment as described in Figs. 2A and 2B generally has a
rectangular cross section. It is to be appreciated that the shape is exemplary, and the
shape of the cross section of the conduit 210 can be any other suitable shape. The cross
section of the conduit 210 includes the fluid flow measuring passage 215 and the fluid
flow-through passage 217. The partition 220 generally accommodates the fluid flow
measuring passage 215 and defines the fluid flowing passage 217. The fluid flow
measuring passage 215 may be equipped with the fluid flow measuring device 225. The
partition 220 has a height H1. The fluid flow measuring passage 215, which can have a
circular outline in the embodiment described, has a diameter D1. The partition 220 can
block at least a portion of the conduit 210.

Please note the shape and configuration as described herein are all exemplary.
The partition 220 and the fluid flow measuring passage 215 may be configured to have
other configurations.

Referring back to Fig. 2A, a method of measuring the total volumetric fluid flow
rate Fioie 1n the conduit 210 is described. The conduit 210 receives a fluid flow Fij,
which is divided into a fluid flow Fy, that flows through the fluid flow measuring passage
215 and a fluid flow F,, that flows through the fluid flow-through passage 217. The fluid
flows Fi, and F,, are combined into the Fi in the conduit 210. The fluid flow measuring

device 225 is configured to measure at least one parameter (e.g. a pressure drop in the F,,)
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of the F,, that flows through the fluid flow measuring passage 215, and then the
calculation device 230 may determine the F,, based on a correlation established between
the parameter value and the volumetric flow rate of Fy,. The calculation device 230 may
also use a correlation established between the parameter value and the volumetric flow
rate of Fy, and/or Fia to obtain Fy, and/or Fioar.

One example of a correlation that can be used to obtain a total airflow in a conduit
configured similarly to the embodiments as illustrated in Figs. 2A and 2B, and/or
similarly to the air intake for a HVAC system as described later in Figs. 5A and 5B below
is illustrated in Fig. 3. Generally, the conduit includes an airflow measuring passage and
an airflow flow-through passage. The vertical axis in Fig. 3 corresponds to an air side
pressure drop in inch water column (inWC), which is a parameter of the airflow that can
be measured by an airflow measuring device (e.g. the fluid flow measuring device 225 in
Fig. 2). The horizontal axis in Fig. 3 corresponds to a volumetric airflow rate in cube feet
per minute (CFM). Line Gy, illustrates a correlation between different air pressure drop
values and different volumetric rates of air flowing through the measuring passage; and
line G, illustrates a correlation between different air pressure drops and different
volumetric rates of air flowing through the flow-through passage. For example, the air
side pressure drop of about 0.003 inWC corresponds to about 350 CFM of airflow
flowing through the measuring passage, which is indicated in Fig. 3 by the intersecting
point between line m1 (which represents a pressure drop of about 0.003 inWC) and Gy,
Accordingly, the pressure drop of about 0.003 inWC corresponds to about 2,100 CFM of
air flowing through the flow-through passage. The correlations represented by these two
lines G, and G, can be obtained, for example, by testing and/or measuring different air
pressure drop values when different airflow rates are provided to the measuring passage
and the flow-through passage respectively in a wind tunnel.

In operation, in the conduit that includes both the measuring passage and the
flow-through passage, measurements of the air side pressure drop in the measuring
passage can be obtained by an air pressure metering device, such as an average fluid flow
sensor as described in U.S. Patent 4,344,330. The volumetric airflow through the
measuring passage can be obtained by plotting the measured air pressure drop on G,

Further, because the flow-through passage has a similar air pressure drop as the
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measuring passage, the volumetric airflow through the flow-through passage can also be
determined by plotting the measured air pressure drop on G,,. The total airflow in the
conduit can be calculated as the sum of the volumetric airflow through the measuring
passage and the volumetric airflow through the flow-through passage.

For example, as illustrated in Fig. 3, in the conduit, if the measurement in the
measuring passage is about 0.003 inWC, it can be determined that the rate of air flowing
through the measuring passage is about 350 CFM and the rate of air flowing through the
flow-through passage is about 2100 CFM, and consequently the calculated total
volumetric airflow in the conduit is about 2450 CFM, as illustrated by intersecting points
between G, G, and line m1 respectively. If the measurement is about 0.0035 inWC
(which is represented in Fig. 3 by line m3), then the volumetric airflow through the
measuring passage and the flow-through passage is about 400 CFM and 2250 CFM
respectively, as illustrated by intersecting points between Gm, G, and line m2 respectively.
Consequently, the calculated total volumetric airflow in the conduit is about 2650 CFM.

In another embodiment, the correlation between the air side pressure drop values
in the measuring passage and the total volumetric airflow rates through the conduit
including both the measuring passage and the flow-through passage can be established by,
for example, in a wind tunnel. One example of the correlation is illustrated as Gy in Fig. 3.
Gt can be obtained by, for example, putting the conduit including both the measuring
passage and the flow-through passage in a wind tunnel, and measure the pressure drops in
the conduit when the conduit is provided with different rates of airflow in the wind tunnel.
With this method, the air pressure drop measurement in the measuring passage can be
directly correlated to the total volumetric airflow in the conduit. For example, when the
measurement of the air pressure drop in the measuring passage is about 0.003 inWC, the
total airflow in the conduit is about 2,400 CFM as determined by the intersecting point of
the lines m1 and G;.

The calculation and/or determination of the total volumetric airflow in the conduit
may be performed by a suitable processor, such as the calculation device 230 as

illustrated in Fig. 2A.
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It is to be appreciated that the principle as described herein may not only be
suitable for measuring a volumetric rate of an airflow, but may also be suitable for
measuring flow rates of other gaseous and/or liquid fluids.

Referring back to Fig. 2B, as discussed above, the fluid flow measuring device
225 may require a minimal sensitivity fluid flow rate to meet a certain measuring
accuracy/sensitivity requirement. If the fluid flow flowing through the measuring device
225 is below the minimal sensitivity fluid flow rate, the measuring device 225 may not
obtain an accurate value, or satisfy a measuring sensitivity requirement of the measuring
device 225. In addition, in some applications or apparatuses, such as a rooftop HVAC
system, the F, may have to meet a minimal volumetric fluid flow rate requirement. If
the fluid flow Fioa 1s below the minimal volumetric fluid flow rate requirement, the
apparatus may not work properly.

As illustrated in Fig. 2B, the partition 220 has the height H1 and the fluid flow
measuring passage has the diameter D1. The height H1 and the diameter D1 may be
configured to modulate the fluid flow rate through the fluid flow measuring passage 215
and the flow-through passage 217. Often, the diameter D1 of the fluid flow measuring
passage 215 can be predetermined, and may be constant and therefore not likely to
change. For example, if a Traq™™ airflow monitoring system is used as the fluid flow
measuring device 225, because the monitoring system is manufactured in a factory, the
diameter of the monitoring system (e.g. the diameter D1) may already be set and may be
difficult to change. However, the height H1 can be changed to modulate the fluid flow
rate through the fluid flow measuring passage 215 and the flow-through passage 217.

Generally, increasing the height H1 of the partition 220 can increase a size of the
partition 220, causing a larger portion of the fluid flow passage 200 to be blocked by the
partition 220. If Fy. is maintained, increasing the height H1 of the partition 220 may
increase the volumetric fluid flow rate (thus increase the fluid flow pressure drop) in the
fluid flow measuring passage 215. Conversely, decreasing the height H1 of the partition
220 can decrease a size of the partition 220, causing a smaller portion of the fluid flow
passage 200 to be blocked by the partition 220. If Fio is maintained, decreasing the
height HI1 of the partition 220 may decrease the volumetric fluid flow rate (thus decrease

the fluid flow pressure drop) in the fluid flow measuring passage 215. In some
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embodiments, the height H1 (and thus the size of the partition 220) may be configured so
that when a minimal volumetric fluid flow rate of Fy, is provided in the conduit 210, a
minimal sensitivity fluid flow rate satisfying a measurement accuracy and/or sensitivity
requirement in the fluid flow measuring passage 215 may be obtained.

It is to be noted that the partition 220 can be any shape. In general, the partition
220 may be configured to accommodate the fluid flow measuring passage 215, and the
size of the partition 220 may be configured to block at least a portion of the fluid flow
passage 200, thus defining the size of the fluid flow-through passage 215.

A process to configure the height HI (or the size of the partition 220) in the
conduit 210 as illustrated in Fig. 2A is illustrated in Fig. 4. The process can help
configure the height H1 so that, for example, when a minimal volumetric fluid flow rate
for Fioa 18 provided in the conduit 210, the fluid flow measuring passage 215 may have
an air pressure drop that is at about a minimal air pressure drop Py, that meets, for
example, a measuring accuracy/sensitive requirement.

At 401, the process is configured to provide a minimal volumetric fluid flow rate
for Fiota in the conduit 210. This minimal volumetric fluid flow rate may be
predetermined based on applications and/or apparatuses. For example, in a rooftop
HVAC system, a minimal volumetric air intake requirement may be correlated to the
capacity of the HVAC system. In one example, the minimal volumetric air intake may be
about 40 CFM per ton of cooling load of the HVAC system. Thus, the minimal total
volumetric airflow of a HVAC system with 60-ton of cooling load is about 2,400 CFM.

The fluid flow measuring device 225 may be configured to measure a pressure
drop AP in the fluid flow measuring passage 215. Generally, the pressure drop AP
correlates to a speed of the fluid flow and thus a volumetric rate of the fluid flow. A
higher pressure drop AP is generally associated with a higher volumetric rate of the fluid
flow. At 402, the fluid pressure drop AP in the fluid flow measuring passage 215 is
compared to a minimal air pressure drop Ppi,. The minimal air pressure drop P, may be
determined, for example, by the sensitivity and/or accuracy of the fluid flow measuring
device 225.

If the pressure drop AP is larger than the minimal pressure drop Puin, which

indicates that the speed (and the volumetric rate) of the fluid flow in the fluid flow
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measuring passage 215 is higher than the speed (and the volumetric rate) required to
achieve the minimal pressure drop P, the process goes to 403. At 403, the height H1 of
the partition 220 is reduced so as to increase the size of the fluid flow-through passage
217. If the pressure drop AP is smaller than the minimal pressure drop Pyin, which
indicates that speed of the fluid flow in the fluid flow measuring passage 215 is less than
the speed to achieve the minimal pressure drop P, the process goes to 404. At 404, the
height HI of the partition 220 is increased to reduce the size of the fluid flow-through
passage 217. The process can repeat 402, 403 and/or 404 until AP is about the same as
Pmin. The process then exits at 405, and the height H1 of the partition 220 for the fluid
flow passage 215 is determined to achieve about the P, required for, for example,
measuring accuracy and/or sensitivity, when the Fiyq 1S at about the minimal volumetric
fluid flow. The process as illustrated in Fig. 4 can help minimize the pressure drop in the
fluid flow while achieving relatively accurate volumetric fluid flow rate measurements in
the fluid flow passage 215. In addition, the process as illustrated in Fig. 4 can help
ensure accurate measurement of the minimal total fluid flow Fioa.

Figs. SA and 5B illustrate an embodiment of a conduit 500 with a fluid flow
measuring device 525 that is configured for measuring a volumetric airflow of a HVAC
system, e.g. in an air handler of a HVAC system. The conduit 500 has an air intake 550
that is in communication with the environment. The conduit 500 also includes the
volumetric airflow measuring device 525, a partition 520 and an airflow flow-through
passage 517. The volumetric airflow measuring device 525 may be a Traq™ airflow
monitoring system that is equipped with an airflow measuring sensor that is capable of
measuring an air pressure drop. The partition 520 may be a sheet metal. The size of the
partition 520 can be configured so that a total air intake Ay 1S at about a minimal air
intake requirement for the HVAC system when the airflow Ay, is at about a minimal air
pressure drop required, for example, for an accurate and/or sensitive volumetric airflow
measurement by the airflow measuring device 525. The total air intake Ay in Fig. SA is
the sum of an airflow A, that flows through the airflow flow-through passage 517 and the
airflow A, that flows through the airflow measuring device 525.

Fig. 6 illustrates testing data in an airflow conduit of a 60-ton rooftop HVAC

system. The conduit can be configured similarly to the conduit 500 that is illustrated in

11
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Figs. 5A and 5B. The conduit has one Traq' ™ airflow monitoring system, a flow-through
passage and a partition. The conduit has a predetermined minimal sensitivity air pressure
drop requirement P,,, which is illustrated in Fig. 6 by Line 1. This minimal requirement
may be determined, for example, by testing sensitivity/accuracy of the Traq™™ airflow
monitoring system with various rates of airflow, and can be provided by, for example, the
manufacturer. Line 2 illustrates a correlation between the air pressure drop and the
volumetric airflow in the Traq" " airflow monitoring system. Line 3 illustrates a minimal
air intake requirement for the 60-ton HVAC system, which is about 2,400 CPM. Line 4
illustrates a correlation between the air pressure drop and volumetric airflow for the flow-
through passage area. Line 5 illustrates a correlation between the air pressure drop and a
total volumetric airflow through the entire conduit. A size of the partition is configured
so that Lines 1, 3 and 5 all intersect at about one point, ¢.g. point O in Fig. 6, which
indicates that when the total airflow of the HVAC system is at the minimal air intake
requirement (about 2,400 CPM), the air pressure drop in the measuring passage is at
about the minimal air pressure drop requirement (about Pr,). It is to be appreciated that
when the total airflow of the HVAC system is at the minimal air intake requirement, the
air pressure drops in the measuring passage that is above the minimal air pressure drop
requirement (i.e. Pm) may also be acceptable. Configuring the partition as described
above can help achieve an accurate and/or sensitive airflow measurement when the air
intake is at the minimal level, and may also help minimize air pressure drop in the total
airflow through the conduit.
It is appreciated that the methods, systems and principles as described herein can
be adapted to any fluids, including air, gas, water or refrigerant.
Any aspects 1 and 2 can be combined with any aspects 3-7. Any aspects 3-5 can
be combined with any aspects 6-7.
Aspect 1. A fluid flow passage comprising:
a flow-through passage;
a fluid flow measuring passage;
a flow rate measuring device positioned in the fluid flow measuring
passage; and

a partition defining the flow-through passage,
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wherein the fluid flow measuring device has a minimal sensitivity flow
rate requirement, and when the fluid flow passage has a minimal total flow rate, the
partition is configured so that the fluid flow measuring passage has the minimal
sensitivity flow rate requirement.

Aspect 2. The fluid flow passage of aspect 1, wherein the partition has a height
relative to a side of the fluid flow passage, and the fluid flow measuring passage is
defined within the partition.

Aspect 3. An air intake conduit of a HVAC system comprising:

an airflow measuring passage;

an airflow flow-through passage; and

a partition defining the airflow flow-through passage;

wherein the airflow measuring passage is configured to measure an air
pressure drop in the airflow measuring passage and has a minimal air pressure drop
requirement,

the air intake conduit has a minimal volumetric air intake requirement, and

the partition is configured so that when the air intake conduit has the
minimal volumetric air intake, the air pressure drop measured at the airflow measuring
passage is at the minimal air pressure drop requirement.

Aspect 4. The air intake conduit of aspect 3, wherein the airflow measuring
passage is equipped with an airflow sensor configured to measure volumetric airflow
through the airflow measuring passage.

Aspect 5. The air intake conduit of aspects 3-4, wherein the partition has a height
relative to a side of the fluid flow passage, and the fluid flow measuring passage is
defined within the partition.

Aspect 6. A method to measure total volumetric fluid flow rate through a fluid
flow passage comprising:

obtaining a fluid flow parameter value in a measuring section of the fluid
flow passage;

obtaining a volumetric fluid flow rate by plotting the parameter value on a
correlation between the parameter value and the volumetric fluid flow rate of the

measuring section; and

13
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obtaining the total volumetric fluid flow rate by plotting the parameter
value obtained in the measuring section on a correlation between the parameter values
and the total volumetric fluid flow;

wherein the measuring section is smaller than the fluid flow passage.

5 Aspect 7. The method of aspect 6 further comprising:

providing a minimal volumetric fluid flow rate to the fluid flow passage;
and

blocking a portion of a cross-section of the fluid flow passage so that the
volumetric fluid flow rate measurement obtained in the measuring section when the

10 minimal volumetric fluid flow rate is provided is at a predetermined value.

With regard to the foregoing description, it is to be understood that changes may
be made in detail, especially in matters of the construction materials employed and the
shape, size and arrangement of the parts without departing from the scope of the present

15  invention. It is intended that the specification and depicted embodiment to be considered
exemplary only, with a true scope and spirit of the invention being indicated by the broad

meaning of the claims.
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CLAIMS
What claimed is:
1. A fluid flow passage comprising:
a flow-through passage;
a fluid flow measuring passage;
a flow rate measuring device positioned in the fluid flow measuring
passage; and
a partition defining the flow-through passage,
wherein the fluid flow measuring device has a minimal sensitivity flow
rate requirement, and when the fluid flow passage has a fluid flow of a minimal total flow
rate the partition is configured so that the fluid flow measuring passage has the minimal

sensitivity flow rate requirement.

2. The fluid flow passage of claim 1, wherein the partition has a height relative to
a side of the fluid flow passage, and the fluid flow measuring passage is defined within

the partition.

3. An air intake conduit of a HVAC system comprising:

an airflow measuring passage;

an airflow flow-through passage; and

a partition defining the airflow flow-through passage;

wherein the airflow measuring passage is configured to measure an air
pressure drop in the airflow measuring passage and has a minimal air pressure drop
requirement,

the air intake conduit has a minimal volumetric air intake requirement, and

the partition is configured so that when the air intake conduit has the
minimal volumetric air intake, the air pressure drop measured at the airflow measuring

passage is at the minimal air pressure drop requirement.

15



10

15

20

25

WO 2014/011871 PCT/US2013/050066

4. The air intake conduit of claim 3, wherein the airflow measuring passage is
equipped with an airflow sensor configured to measure volumetric airflow through the

airflow measuring passage.

5. The air intake conduit of claim 3, wherein the partition has a height relative to
a side of the fluid flow passage, and the fluid flow measuring passage is defined within

the partition.

6. A method to measure total volumetric fluid flow rate through a fluid flow

passage comprising:

obtaining a fluid flow parameter value in a measuring section of the fluid
flow passage;

obtaining a volumetric fluid flow rate by plotting the parameter value on a
correlation between the parameter value and the volumetric fluid flow rate of the
measuring section; and

obtaining the total volumetric fluid flow rate by plotting the parameter
value obtained in the measuring section on a correlation between the parameter values
and the total volumetric fluid flow;

wherein the measuring section is smaller than the fluid flow passage.

7. The method of claim 6 further comprising:
providing a minimal volumetric fluid flow rate to the fluid flow passage;
and
blocking a portion of a cross-section of the fluid flow passage so that the
volumetric fluid flow rate measurement obtained in the measuring section when the

minimal volumetric fluid flow rate is provided is at a predetermined value.

16



WO 2014/011871 PCT/US2013/050066
1/7

Y




WO 2014/011871 PCT/US2013/050066
217

200
)///' CALCULATING  ~_ 3
DEVICE

\ 4_> 225 /210

Fm Fm
zég%zgéﬁéi/éézjr“ : Fotal

Fin F Z>\F
p /{/? p S]ﬁé;.:acsﬁz

.
217 A
217
i

——210

T 25?’ 220
L

H1
225

l ¢ A 7




PCT/US2013/050066

WO 2014/011871

37

0092 00v'Z 00Z'Z 000'C 008°'L 009°'L 00F'L

(IN49) Moy

00Z'L

000°'L 008 009

- 0000

000

- 4000
9000
800°0
0100

¢100

(9Mun) douqg ainssald apis iy

7100

'Seg]| Moy W



WO 2014/011871

403~

PCT/US2013/050066
4/7
MINIMUM FLUID
FLow [ 401
END [~ g5
NO
y Y

DECREASE INCREASE
LENGTH H1 LENGTH H1 [>-404

4 A

Hig.4



WO 2014/011871 PCT/US2013/050066
5/7

500




WO 2014/011871

PCT/US2013/050066
6/7

500

'.‘ N ;
N
»/ ENER)

517

525

L~

~520

“fig. 5B



(IN49) Moy
0092 00v'Z 00Z'Z 000°C 008L 009°L OOF'L 00Z'L 000°L 008

PCT/US2013/050066

WO 2014/011871

717

o)
G U
N
e S AR U N A UUUN IR I SO
paur :

"SBa[A\] MOJJIY

zaun

(9Murn) doiq aunssald apis Iy



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/050066

A. CLASSIFICATION OF SUBJECT MATTER
GO1F 1/34(2006.01)i, F24F 11/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1F 1/34; GO1F 1/68; F16K 3/03; GO1F 15/00; GO1F 1/28; GO1F 15/18; GO1F 1/696; GO1F 1/42; F24F 11/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: fluid flow, passage, sensor, partition, pressure drop, HVAC,
airflow, and volumetric flow rate

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002-0029629 A1 (URAMACHI et al.) 14 March 2002 1-5
See abstract; paragraphs 51-85, 104-123 and figures 1-23.
A 6,7
A US 2009-0235757 A1 (GARNETT et al.) 24 September 2009 1-7

See abstract; paragraphs 16-25 and figures 1-5.

A WO 2006-060185 A1 (ROSEMOUNT, INC.) 08 June 2006 1-7
See abstract; pages 5-11 and figures 1-3.

A WO 02-090897 A1 (ENDRESS + HAUSER LIMITED) 14 November 2002 1-7
See abstract; pages 6-9 and 1-13.

A US 5847288 A (HUTCHINSON, HAROLD D.) 08 December 1998 1-7
See abstract; column 7, line 5 — column 12, line 53 and figures 1-27.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
14 October 2013 (14.10.2013) 16 October 2013 (16.10.2013)
Name and mailing address of the [ISA/KR Authorized officer
Korean Intellectual Property Office
\ 189 Cheongsa-ro, Seo-gu, Dacjeon Metropolitan City, AHN Jae Yul
9 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8525

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/050066
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002-0029629 Al 14/03/2002 DE 19964452 B4 31/12/2009
JP 2000-346688 A 15/12/2000
JP 3553422 B2 11/08/2004
KR 10-0323312 Bl 06/02/2002
KR 10-2001-0006623 A 26/01/2001
US 2002-0073773 Al 20/06/2002
US 2003-0101810 Al 05/06/2003
US 6336361 Bl 08/01/2002
US 6513375 B2 04/02/2003
US 6557410 B2 06/05/2003
US 6729182 B2 04/05/2004
US 2009-0235757 Al 24/09/2009 AU 2009-225514 Al 24/09/2009
AU 2009-225514 A2 16/12/2010
CA 2719006 Al 24/09/2009
CA 2719006 C 16/07/2013
CN 102016517 A 13/04/2011
EP 2263065 A2 22/12/2010
JP 2011-529566 A 08/12/2011
RU 2010142221 A 27/04/2012
US 76564154 B2 02/02/2010
WO 2009-117570 A2 24/09/2009
WO 2009-117570 A3 04/02/2010
WO 2006-060185 Al 08/06/2006 CN 101061338 AO 24/10/2007
CN 101061338 B 30/05/2012
EP 1834116 Al 19/09/2007
JP 2008-522319 A 26/06/2008
JP 5048511 B2 17/10/2012
RU 2007124558 A 10/01/2009
RU 2361260 C2 10/07/2009
US 2006-0112773 Al 01/06/2006
US 7255012 B2 14/08/2007
WO 2006-060185 A8 31/08/2006
WO 02-090897 Al 14/11/2002 AT 433098 T 15/06/2009
CA 2441794 Al 14/11/2002
CA 2441794 C 30/06/2009
CN 1503898 A 09/06/2004
CN 1503898 CO 01/02/2006
CN 1707227 A 14/12/2005
CN 1707227 CO 09/01/2008
DE 60232506 D1 16/07/2009
EP 1386125 Al 04/02/2004
EP 1386125 Bl 03/06/2009
GB 0110961 DO 27/06/2001
GB 2375401 A 13/11/2002
JP 2004-526162 A 26/08/2004
JP 3764141 B2 05/04/2006

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/050066
Patent document Publication Patent family Publication
cited in search report date member(s) date
RU 2003134964 A 27/02/2005
RU 2262081 C2 10/10/2005
US 2004-0149027 Al 05/08/2004
US 2005-0229695 Al 20/10/2005
US 6889559 B2 10/05/2005
US 7004036 B2 28/02/2006
US 05847288 A 08/12/1998 US 05932814 A 03/08/1999

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

