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An airflow volume sensing means for determining the flow rate through a fan includes a curved inlet cone with a pressure sensor at
the minimum diameter of the cone, wherein the flow volume sensing means Is particularly suited for FC centrifugal fans (centrifugal
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(57) Abrege(suite)/Abstract(continued):
fans with forward curved fan blades). With an FC fan, the minimum diameter of the inlet cone's interior surface Is adjacent the fan

wheel, and the static pressure there Is at a minimum value. A predetermined relationship between the static gage pressure at that
point and the volume flow rate through the fan is applied regardless of variables such as fan speed, fan housing geometry, supply
alr duct configurations, return air duct configurations, location of various heat exchangers or filters, etc. In some embodiments, a
single pressure sensor senses an average of a plurality of pressure taps, wherein each tap Is at approximately the same minimum

pressure.
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FIG. 3

(57) Abstract: An airtflow volume sensing means for determining the tflow rate through a fan includes a curved let cone with a

pressure sensor at t

ne minimum diameter of the cone, wherein the flow volume sensing means 1s particularly suited for FC cen-

trifugal fans (centri:

ugal fans with forward curved fan blades). With an FC fan, the minimum diameter of the inlet cone's interior

surface 1s adjacent the fan wheel, and the static pressure there 1s at a minimum value. A predetermined relationship between the
static gage pressure at that point and the volume tlow rate through the fan 1s applied regardless of variables such as fan speed, fan

housing geometry, supply air duct configurations, return air duct configurations, location ot various heat exchangers or filters, etc.

In some embodiments, a single pressure sensor senses an average of a plurality of pressure taps, wherein each tap 1s at approxi-

mately the same minimum pressure.
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TITLE

FC Fan Flow Measurement System

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The subject invention generally pertains to centrifugal fans and more
specifically to flow measuring systems for such fans.

[0003] 2. Description of Related Art

[0004] The volume of air flowing through a fan can be difficult to determine because
the air velocity usually varies depending on the location of the air streams within the fan
or within the ducts leading to or from the fan. In some cases, a series of pressure taps
distributed across the flow path provides a means for integrating the air's velocity profile,
from which the total airflow volume can be determined. Inserting such pressure taps
across the flow path, however, can disrupt and restrict the flow.

[0005] In other cases, the air is directed through a certain flow restriction for which
there 1s a known relationship between the volume airflow rate and the resulting pressure
drop across the restriction. Such an approach, however, can present an undesirable flow

restriction and requires multiple pressure taps to sense the pressure drop across the

restriction.

Summary of the Invention

[0006] It is an object of some embodiments to determine the volume airflow rate
through a centrifugal fan by using as few as just one pressure gage and without creating
an undesirable pressure drop or flow obstruction.

[0007] Another object of some embodiments is to use a single pressure senor for

sensing an average of a plurality of pressure taps, wherein each tap is at approximately

the same subatmospheric pressure.
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[0008] Another object of some embodiments is to determine the volume airflow rate
through a centrifugal fan by sensing the minimum static pressure of the air entering the
fan, whereby the reading is more accurate due to a relatively large or maximum pressure
differential between the sensed minimum subatmospheric static pressure and the ambient
barometric pressure.

[0009] Another object of some embodiments is to add a pressure sensor to a curved
inlet cone that can be applied to a centrifugal fan for determining the air volume
throughput regardless of changeable or unknown variables, examples of which include,
but are not limited to, fan speed, fan housing geometry, fan blade length (actual or
eftective), discharge airflow resistance, supply air duct configurations, return air duct
configurations, size and location of various heat exchangers or filters, etc.

[0010] Another object of some embodiments is to provide a simple means for
determining the volume airflow rate through a centrifugal fan, wherein the means is
particularly suited for fans with forward curved fan blades (FC type centrifugal fans).
[0011] Another object of some embodiments is to shelter a static pressure receiver
within a discharge air chamber of a centrifugal fan, thereby protecting the static pressure
receiver from damage while providing a neat appearance.

[0012] In some embodiments, the present invention provides a fan system for drawing
suction air and discharging discharge air. The fan system comprising a fan housing
providing a suction inlet opening for receiving the suction air and defining a discharge air
chamber within the fan housing for the discharge air. The fans system also includes a
centrifugal fan wheel disposed within the fan housing between the suction inlet opening
and the discharge air chamber and being rotatable to force air from the suction inlet
opening to the discharge air chamber. A curved inlet cone encircles the suction inlet
opening. The curved inlet cone includes a minor diameter and a major diameter. The
minor diameter 1s in proximity with the centrifugal fan wheel and is downstream of the
major diameter. A static pressure receiver disposed within the discharge air chamber is

connected in fluid communication with the suction air flowing through the curved inlet
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cone. A pressure sensor connected in fluid communication with the static pressure
receiver 1s responsive to a static gage pressure of the suction air to provide a pressure
signal indicative of the static gage pressure of the suction air at the minor diameter.
[0013] In some embodiments, the present invention provides a fan system for drawing
suction air and discharging discharge air. The fan system comprises a fan housing
providing a suction inlet opening for receiving the suction air and defining a discharge air
chamber within the fan housing for the discharge air. A centrifugal fan wheel is disposed
within the fan housing between the suction inlet opening and the discharge air chamber
and is rotatable to force air from the suction inlet opening to the discharge air chamber. A
curved inlet cone encircles the suction inlet opening. The curved inlet cone includes a
minor diameter and a major diameter. The minor diameter is in proximity with the
centrifugal fan wheel and is downstream of the major diameter. The inlet cone decreases
in diameter continuously from the major diameter to the minor diameter. The inlet cone
terminates at an inlet edge at the minor diameter. A static pressure receiver in proximity
with the inlet edge is connected in fluid communication with the suction air flowing
through the curved inlet cone. A pressure sensor connected in fluid communication with
the static pressure receiver is responsive to a static gage pressure of the suction air to
provide a pressure signal indicative of the static gage pressure of the suction air, wherein
the suction air is at a minimum static gage pressure where the static pressure receiver is
connected in fluid communication with the suction air flowing through the curved inlet
cone.

[0014] In some embodiments, the present invention provides a fan system method
using a centrifugal fan wheel rotating within a fan housing for drawing suction air and
discharging discharge air. The method comprises rotating a centrifugal fan wheel within
a fan housing, wherein the fan housing defines a suction inlet opening for receiving
suction air and defines a discharge air chamber for the discharge air. The method
includes conveying the discharge air as supply air from the discharge air chamber to a

comfort zone. The method includes circulating the supply air through the comfort zone to



CA 02795670 2012-10-05
WO 2011/126540 PCT/US2011/000498

create return air. The method includes conveying from the comfort zone at least some of
the return air to the suction inlet opening of the fan housing. While conveying at least
some of the return air to the suction inlet opening, the method includes conveying the
suction air through a curved inlet cone that leads to the suction inlet opening, wherein the
suction air includes at least some of the return air, the curved inlet cone includes a minor
diameter and a major diameter, and the minor diameter is in proximity with the
centrifugal fan wheel and is downstream of the major diameter. The method includes
sensing, at an inner surface of the curved inlet cone at the minor diameter, a static gage
pressure of the suction air. The method includes determining a total volume flow rate of
the suction air flowing through the curved inlet cone based on the static gage pressure of

the suction air at the inner surface at the minor diameter.

Brief Description of the Drawings

[0015] Figure 1 is a schematic diagram of one example fan system.

[0016] Figure 2 is a cutaway side view of an example fan used in the fan system of
Figure 1.

[0017] Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2.

[0018]) Figure 4 is a cutaway side view similar to Figure 2 but showing another

example fan.

[0019] Figure 5 is a cross-sectional view similar to Figure 3 but showing the fan with
an alternate means for sensing the static pressure.
[0020]  Figure 6 is a cross-sectional view taken along line 6-6 of Figure 5.

[0021] Figure 7 is a cross-sectional view similar to Figure 5 but showing an alternate

static pressure receiver.
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Description of the Preferred Embodiment

[0022] Figure 1 schematically illustrates one example of a fan system 10 with a
centrifugal fan 12 with additional views of fan 12 being shown in Figures 2 and 3. A
novel means for determining the total volume airflow rate through fan 12 is used, in some
cases, to help ensure that fan 12 delivers the proper amount of conditioned air and/or
fresh outside air to a plurality of comfort zones 14, such as rooms or other designated
areas of a building. Examples of conditioned air include, but are not limited to, air that
has been heated, cooled, filtered, humidified, dehumidified, and various combinations
thereof.

[0023] In the illustrated example, fan 12 discharges a current of discharge air 16a that
1s known as supply air 16b as a supply air duct 18 conveys the air to comfort zones 14. In
this particular example, a heat exchanger 20 heats, cools, or otherwise conditions the
current of air moved by fan 12. To meet the individual conditioned-air demands of zones
14, a plurality of adjustable VAV valves 22 (variable air volume valves) provide variable
flow restrictions for regulating the amount of air delivered to each zone 14. In some
embodiments, each zone 14 has a thermostat 24 that controls its respective VAV valve
22. After flowing through comfort zones 14, supply air 16b becomes return air 16c,
which flows to a return air duct 26 and/or flows out through an exhaust air damper 28,
with exhausted air 16d being forced outside by a fan 30. The portion of return air 16c
that 1s not exhausted mixes with fresh incoming outdoor air 16e to create suction air 16f
that feeds fan 12.

[0024] Fan 12 includes a fan housing 32 with a suction inlet opening 34 through which
suction air 16f enters fan 12. In this example, housing 32 is a scroll shell with a discharge
air chamber 36 for discharge air 16a, which exits housing 32 through a discharge opening
33. Housing 32 also includes a curved inlet cone 38 encircling inlet opening 34. Inlet

cone 38 has a curved inner surface 40 that smoothly guides suction air 16f into housing
32.



CA 02795670 2012-10-05
WO 2011/126540 PCT/US2011/000498

[0025] To force the air from inlet 34 to discharge chamber 36, fan 12 has a centrifugal
fan wheel 42 that rotates within housing 32. Fan wheel 42 comprises a plurality of fan
blades 44 attached to a fan disc 46. A motor 48 coupled to fan disc 46 rotates fan wheel
42 about an axis 50 in the direction indicated by arrow 52. In this example, fan blades 44
are referred to as FC blades (forward-curved blades) because the blades lean forward with
respect to the fan wheel's direction of rotation 52. Each blade 44 includes a trailing edge
54 at an outer diameter 56 of fan wheel 42 and a leading edge 58 at an inner diameter 60
of wheel 42, wherein leading edge 58 is upstream of trailing edge 54 with respect to
airflow across fan blade 44.

[0026] In the example where fan blades 44 are curved forward, the ideal curvature of
the inlet cone's inner surface 40 creates an effective radius 62 that in some examples is a
true radius. In other examples, however, the curvature of inner surface 40 is parabolic,
hyperbolic or otherwise deviates from a perfect circular segment having a perfect radius.
{0027] Moreover, in cases where fan blades 44 are curved forward, the ideal inlet cone
decreases 1n diameter continuously from a maximum major diameter 64 to a minor
diameter 66. At minor diameter 66, inlet cone 38 terminates at an inlet edge 68 that is in
proximity with fan wheel 42. In this case, the term, "proximity," means inlet edge 68 is
positioned sufficiently close to fan wheel 42 to create appreciable airflow resistance to
leakage between edge 68 and fan wheel 42.

[0028] Blades 44 being curved forward in combination with inlet cone 38 being
smoothly curved and terminating at its minor diameter 66 in proximity with fan wheel 42
provides a surprising and unexpected opportunity for measuring total airflow volume
through fan 12. Although the suction air's velocity and thus its static pressure varies over
a cross-sectional area of suction inlet opening 34, it has been discovered that the total
airflow volume can be determined by sensing the static pressure (gage pressure) at a
single-point tap location 70 on inlet cone 38 at minor diameter 66. It turns out that the
total airflow volume through inlet 34 and fan 12 is approximately proportional to an
exponential function (e.g., square-root) of the static gage pressure at point 70. This
method makes it unnecessary to sense a plurality of static pressure readings to determine

the actual airflow velocity profile over a cross-sectional area of inlet 34.
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[0029] With total airflow volume (CFM) being proportional to an exponential of the
static gage pressure (SGP), their relationship can be expressed as, CFM = (k)(SGP)*. The
term, "k," 1s a predetermined constant chosen to fit a fan's particular curved inlet cone.
The term, "x" 1s an exponent that approximately equals 0.5 when inlet cone 38 is curved
with an effective radius 62 that creates an airflow velocity profile that, through a cross-
sectional area of inlet opening 34, varies approximately inversely proportionally to radial
distance 72 from axis 50. With this relationship for a given curved inlet cone, a fan's
throughput can be determined even as other variables change, such as fan speed, fan
housing geometry, fan blade length (actual or effective), discharge airflow resistance,
supply air duct configurations, return air duct configurations, size and location of various
heat exchangers or filters, etc.

[0030] In the example shown in Figures 1 — 3, a single pressure sensor 74 is attached to
inlet cone 38 to sense the static gage pressure at point 70. Sensor 74, in some examples,
IS a differential pressure gage that determines the static gage pressure at point 70 by
measuring the difference between the absolute static pressure at point 70 and the ambient
barometric air pressure outside of fan housing 32. A pressure signal 76 indicative of the
static gage pressure 1s conveyed along wires 78 to a controller 80 that uses the
information for one or more various reasons, examples of which include, but are not
limited to, for controlling the speed of motor 48 to achieve a desired airflow rate, for
controlling fan 30 or exhaust damper 28, for controlling the operation of heat exchanger
20, for controlling a incoming outdoor air damper 82, and for simply monitoring the flow
rate through fan 12. In some examples, controlling motor 48, fan 30, exhaust damper 28,
heat exchanger 20, outdoor air damper 82 is accomplished via output signals 84, 86, 88,
90 and 92, respectively. In some examples, output signal 84 for adjusting the speed of
fan motor 48 varies in response to controller 80 receiving valve position signals 94 and 96

from VAV valves 22, wherein controller 80 adjusts the speed of fan motor 48 to provide a

desired volume of supply air 16b that is appropriate for the degree to which VAV valves

22 are open.
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[0031] It should be appreciated that system 10 of Figure 1 is just one of many possible
example systems to which the present airflow measuring system can be applied. Also,
fan housing 32 does not necessarily have to be of a scroll design. Figure 4, instance,
shows fan wheel 42, pressure sensor 74 and curved inlet cone 38 being used with a
plenum fan 98 having a box-like fan housing 100 with a side discharge opening 102.
[0032] Referring to Figures 5 and 6, although a single-point static pressure
measurement will suffice in some applications, a more significant reading might be
acquired by sensing the average pressure at a plurality of points 104 circumferentially
distributed around a curved inlet cone 38' in proximity with inlet edge 68. In this case,
the expression, "in proximity,” means that points 104 are sufficiently close to inlet edge
68 that the static pressure at points 104 is substantially at a minimum as compared to all
other points along inlet cone 38'.

[0033] In this example, a fan 106 includes a static pressure receiver 108 disposed
within discharge chamber 36, wherein static pressure receiver 108 is connected in fluid
communication with suction air 16f at points 104. The expression, "static pressure
receiver,” refers to any structure, conduit or feature for connecting a pressure transducer
in fluid communication with suction air flowing through a curved inlet cone of a fan. In
the example of Figures 1 — 3, the static pressure receiver and the pressure transducer are
incorporated within pressure sensor 74 itself. In the example of Figures 5 and 6, static
pressure receiver 108 further comprises a circular manifold 110 or tube with T-connectors
112 at each point 104. A tube 114 connects static gage pressure sensor 74 to a T-
connector 116 that places pressure sensor 74 in fluid communication with manifold 110
and points 104.

[0034] In a similar example, shown in Figure 7, manifold 110 is replaced by a circular
channel 118 that encircles inlet cone 38' to connect tube 114 in fluid communication with
points 104.

[0035] It should be noted that arrow 52 represents rotating a centrifugal fan wheel;
supply air duct 18 represents conveying discharge air 16a as supply air 16b from
discharge air chamber 36 to comfort zone 14; arrows 120 represent circulating supply air

16b through comfort zone 14 to create return air 16c¢; the arrow of return air 16¢
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(immediately below fan 12) represents conveying from comfort zone 14 at least some of
return air 16¢ to suction inlet opening 34, the arrows of suction air 16f (Fig. 3) represents
conveying suction air 16f through curved inlet cone 38; pressure senor 74 being shown
connected in fluid communication with suction air 16f at points 70 and 104 represent
sensing the static pressure of suction air 16f at an inner surface of a curved inlet cone;
controller 80 and the expression CFM = (k)(SGP)” represents determining a total volume
flow rate of suction air flowing through curved inlet cone 38; the arrow representing
signal 76, controller 80 and the arrow representing signal 84 illustrates adjusting the
rotational speed of a fan based on the static pressure of suction air 16f at inner surface 40
at minor diameter 66; and VAV valves 22 represent adjustably restricting the supply air
flowing to comfort zones.

[0036] Although the invention is described with respect to a preferred embodiment,
modifications thereto will be apparent to those of ordinary skill in the art. In some
embodiments, for example, the fan blades extend radially straight and/or lean back (BI)

rather than leaning forward. The scope of the invention, therefore, is to be determined by

reference to the following claims:
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Claims
1. A fan system for drawing suction air and discharging discharge air, the fan system
comprising:

a fan housing providing a suction inlet opening for receiving the suction air and
defining a discharge air chamber within the fan housing for the discharge air;

a centrifugal fan wheel disposed within the fan housing between the suction inlet
opening and the discharge air chamber and being rotatable to force air from the suction
inlet opening to the discharge air chémber;

a curved inlet cone encircling the suction inlet opening, the curved inlet cone
includes a minor diameter and a major diameter, the minor diameter is in proximity with
the centrifugal fan wheel and is downstream of the major diameter;

a static pressure receiver disposed within the discharge air chamber and being
connected 1n fluid communication with the suction air flowing through the curved inlet
cone; and

a pressure sensor connected in fluid communication with the static pressure
recelver and being responsive to a static gage pressure of the suction air to provide a

pressure signal indicative of the static gage pressure of the suction air at the minor

diameter.

2. The fan system of claim 1, wherein the static pressure receiver comprises a

conduit.

3. The fan system of claim 2, wherein the conduit is part of a manifold that places

the pressure sensor in fluid communication with the suction air at a plurality of locations

around the curved inlet cone.

10
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4. The fan system of claim 1, wherein the suction air is at a minimum static gage
pressure where the static pressure receiver is connected in fluid communication with the

suction air flowing through the curved inlet cone.

3. The fan system of claim 1, wherein the inlet cone decreases in diameter
continuously from the major diameter to the minor diameter, the inlet cone terminates at
an inlet edge at the minor diameter, and the static pressure receiver is connected in fluid

communication with the suction air at a location that is in proximity with the inlet edge.

6. The fan system of claim 1, wherein the centrifugal fan wheel includes a plurality
of forward-curved blades that define an inner diameter and an outer diameter of the
centrifugal fan wheel, each forward-curved blade of the plurality of forward-curved
blades includes a leading edge upstream of a trailing edge with respect to airflow across
each respective forward-curved blade, the leading edge is on the inner diameter, and the

trailing edge is on the outer diameter.

7. The fan system of claim 1, further comprising:
a flow restriction connected in fluid communication with the discharge air
chamber and being downstream thereof, the static gage pressure of the suction air flowing

through the 1nlet cone at the static pressure receiver varying in response to variation in the

flow restriction:
a motor driving the centrifugal fan wheel; and
a controller connected to receive the pressure signal indicative of the static gage

pressure of the suction air, the controller being operatively connected to the motor to vary

the speed thereof in response to the pressure signal.

8. The fan system of claim 7, wherein the flow restriction comprises a plurality of

VAV valves that regulate the discharge air flowing therethrough.

11



CA 02795670 2012-10-05

WO 2011/126540 PCT/US2011/000498
9. A fan system for drawing suction air and discharging discharge air, the fan system
comprising:

a fan housing providing a suction inlet opening for receiving the suction air and
defining a discharge air chamber within the fan housing for the discharge air;

a centrifugal fan wheel disposed within the fan housing between the suction inlet
opening and the discharge air chamber and being rotatable to force air from the suction
inlet opening to the discharge air chamber;

a curved inlet cone encircling the suction inlet opening, the curved inlet cone
includes a minor diameter and a major diameter, the minor diameter is in proximity with
the centrifugal fan wheel and is downstream of the major diameter, the inlet cone
decreases in diameter continuously from the major diameter to the minor diameter, the
inlet cone terminates at an inlet edge at the minor diameter;

a static pressure receiver in proximity with the inlet edge and being connected in
fluid communication with the suction air flowing through the curved inlet cone; and

a pressure sensor connected in fluid communication with the static pressure
recelver and being responsive to a static gage pressure of the suction air to provide a
pressure signal indicative of the static gage pressure of the suction air, wherein the
suction air 1s at a minimum static gage pressure where the static pressure receiver is

connected in fluid communication with the suction air flowing through the curved inlet

cone.

10. The fan system of claim 9, wherein the centrifugal fan wheel includes a plurality

of forward-curved blades that define an inner diameter and an outer diameter of the
centrifugal fan wheel, each forward-curved blade of the plurality of forward-curved
blades includes a leading edge upstream of a trailing edge with respect to airflow across

each respective forward-curved blade, the leading edge is on the inner diameter, and the

trailing edge is on the outer diameter.

12
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1.  The fan system of claim 9, further comprising:

a flow restriction connected in fluid communication with the discharge air
chamber and being downstream thereof, the static gage pressure of the suction air flowing
through the inlet cone at the static pressure receiver varying in response to variation In the
flow restriction;

a motor driving the centrifugal fan wheel; and

a controller connected to receive the pressure signal indicative of the static gage
pressure of the suction air, the controller being operatively connected to the motor to vary

the speed thereof 1n response to the pressure signal.

12.  The fan system of claim 11, wherein the flow restriction comprises a plurality of

VAYV valves that regulate the discharge air flowing therethrough.

3. A fan system method using a centrifugal fan wheel rotating within a fan housing
for drawing suction air and discharging discharge air, the method comprising:

rotating a centrifugal fan wheel within a fan housing, wherein the fan housing
defines a suction inlet opening for receiving suction air and defines a discharge air

chamber for the discharge air;

conveying the discharge air as supply air from the discharge air chamber to a
comfort zone:

circulating the supply air through the comfort zone to create return air;

conveying from the comfort zone at least some of the return air to the suction inlet
opening of the fan housing;

while conveying at least some of the return air to the suction inlet opening,
conveying the suction air through a curved inlet cone that leads to the suction inlet
opening, wherein the suction air includes at least some of the return air, the curved inlet
cone includes a minor diameter and a major diameter, the minor diameter is in proximity

with the centrifugal fan wheel and is downstream of the major diameter;

13
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sensing, at an inner surface of the curved inlet cone at the minor diameter, a static
gage pressure of the suction air; and

determining a total volume flow rate of the suction air flowing through the curved
inlet cone based on the static gage pressure of the suction air at the inner surface at the

minor diameter.

14.  The fan system method of claim 13, further comprising adjusting a rotational
speed of the centrifugal fan wheel based on the static gage pressure of the suction air at

the inner surface at the minor diameter.

15. The fan system method of claim 13, wherein the total volume flow rate of the
suction air flowing through the curved inlet cone is determined based on a square-root of

the static gage pressure multiplied by a predetermined constant.

16.  The fan system method of claim 13, wherein sensing the static gage pressure of

the suction air occurs at a plurality of points around the inner surface of the curved inlet

cone at the minor diameter.

17.  The fan system method of claim 13, wherein sensing the static gage pressure of
the suction air occurs at a point on the inner surface of the curved inlet cone where the

suction air 1s at a minimum static gage pressure.
18.  The fan system method of claim 17, wherein the inlet cone decreases in diameter

continuously from the major diameter to the minor diameter, the inlet cone terminates at

an inlet edge at the minor diameter, and the point is in proximity with the inlet edge.

14
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19.  The fan system method of claim 13, wherein the centrifugal fan wheel includes a
plurality of forward-curved blades that define an inner diameter and an outer diameter of
the centrifugal fan wheel, each forward-curved blade of the plurality of forward-curved
blades includes a leading edge upstream of a trailing edge with respect to airflow across
each respective forward-curved blade, the leading edge is on the outer diameter, and the

trailing edge is on the inner diameter.
20.  The fan system method of claim 13, further comprising adjustably restricting the

supply air flowing to the comfort zone by way of a VAV valve that is one of a plurality of

VAY valves used i1n the fan system method.
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