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(57) Abstract: Methods as disclosed herein are generally configured to help determine a pressure difterential (or pressure head) in a
fluid circulation system of, for example, a HVAC system, for controlling the fluid circulation system. The method may include ob -
taining a correlation between a fluid flow rate and a pressure differential in the fluid circulation system by varying an operation
speed of the pump. The method may also include obtaining a desired fluid flow rate for matching a cooling capacity of the HVAC
system and determining a pressure differential setpoint corresponding to the desired fluid tflow rate based on the correlation between
the fluid flow rate and the pressure differential. The methods can be executed by, for example, a controller of the HVAC system so
as to eliminate the requirement of a user to set up the pressure differential.
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METHOD OF CONTROLLING A FLUID CIRCULATION SYSTEM

Field

The disclosure herein generally relates to a fluid circulation system. More specifically,
the disclosure herein relates to a fluid (such as water) circulation system of, for example, a
heating, ventilation, and air-conditioning (“HVAC”) system. Generally, methods are described

that are directed to help control the fluid circulation system.

Background

A fluid circulation system is generally configured to circulate a fluid. For example, a
fluid circulation system can be coupled to a HVAC system to help circulate a process fluid (such
as water) between a terminal device (such as a room unit) and an outdoor unit, which may
include an evaporator coil, of the HVAC system. The fluid circulation system may generally
include one or more pumps to provide and/or regulate a fluid flow.

To control the fluid circulation, typically, a user can set up a fluid pressure differential
setpoint between two pressure measuring points in the fluid circulation system so as to control a
capacity (or flow rate) of the fluid circulation system. Generally, the higher the fluid pressure
differential setpoint is, the higher the fluid flow rate provided by the fluid circulation system.

In some situations, the fluid circulation system may be configured to provide and/or
maintain a certain fluid flow rate. For example, in the fluid circulation system that is configured
to circulate the process fluid (such as water) through an outdoor unit of a HVAC system, it may
be desirable to maintain a certain fluid flow rate to an evaporator coil of the outdoor unit. The
fluid flow rate may depend on, for example, a cooling capacity of the HVAC system. Generally,
the larger the cooling capacity is, the higher the desired fluid flow rate. A user may set a desired
fluid pressure differential setpoint in the fluid circulation system so that the fluid circulation
system may provide and/or maintain a relatively constant fluid flow rate that is desired for the

cooling capacity provided by the HVAC system.
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Summary

Methods as disclosed herein are generally configured to help determine a pressure
differential (or pressure head) setpoint in a fluid circulation system of, for example, a HVAC
system, for controlling a fluid flow rate of the fluid circulation system. The method may also be
applicable to other fluid circulation systems that may use a pressure differential to control the
fluid flow rate in the fluid circulation systems.

In some embodiments, the method may include obtaining a correlation between a fluid
flow rate and a pressure differential in the fluid circulation system. The method may include
providing a variable fluid flow rate or a plurality of fluid flow rates, and obtaining the pressure
differential and the fluid flow rate at each of the fluid flow rates. The correlation can be
established by correlating the pressure differentials and the fluid flow rates at a plurality of fluid
flow rates. In some embodiments, the plurality of fluid flow rates can be provided by varying an
operation speed of a pump of the fluid circulation system. By varying the operation speed of the
pump, the fluid circulation system can be configured to provide a plurality of fluid flow rates and
pressure differentials. The fluid flow rate and the pressure differential at each of a plurality of
pump operation speeds can be obtained by, for example, a fluid flow rate meter and a pressure
measuring device respectively. A correlation can then be established between the fluid flow
rates and the pressure differentials by plotting the measured fluid flow rate and the pressure
differential at each pump operation speed.

In some embodiments, to obtain the pressure differentials and the fluid flow rates, the
pump can be operated at each of the plurality of operation speeds for a period of time, such as for
example about 30 seconds, to stabilize the fluid flow in the fluid circulation system.

In some embodiments, the method may include obtaining a desired fluid flow rate. In
some embodiments, when the fluid circulation system is coupled to a HVAC system, the desired
fluid flow rate may be determined based on a cooling capacity of the HVAC system. Generally,
the higher the cooling capacity of the HVAC system is, the higher the desired fluid flow rate.

In some embodiments, the method may include determining a pressure differential

setpoint based on the correlation between the fluid flow rates and the pressure differentials as



10

15

20

25

WO 2015/000111 PCT/CN2013/078584

well as the desired fluid flow rate. In some embodiments, the pressure differential setpoint is at
least equal to the desired pressure differential that is determined based on the cooling capacity of
the HVAC system.

In some embodiments, the pressure differential may be a pressure differential between a
processing fluid inlet and a processing fluid outlet of an outdoor unit of the HVAC system that is
coupled to the fluid circulation system.

In some embodiments, the method may include controlling the pump of the fluid
circulation system to provide and/or maintain the pressure differential setpoint.

In some embodiments, the methods as disclosed herein can be executed by, for example,
a controller of the HVAC system so as to eliminate the requirement of a user to determining the
pressure differential setpoint.

In some embodiments, a device including a controller with a process can be configured to
execute the methods as disclosed herein.

Other features and aspects of the embodiments will become apparent by consideration of

the following detailed description and accompanying drawings.

Brief Description of the Drawings

Reference is now made to the drawings in which like reference numbers represent
corresponding parts throughout.

Fig. 1 illustrates a typical fluid circulation system that is coupled to a HVAC system,
with which the embodiments as disclosed herein can be practiced.

Fig. 2 illustrates a method of determining a pressure differential setpoint in a fluid
circulation system and controlling the fluid circulation system.

Fig. 3 illustrates an exemplary correlation between a pressure differential and a fluid flow
rate in a fluid circulation system.

Fig. 4 illustrates a plurality of pumps arranged in parallel, which can be used in a fluid
circulation system.

Fig. § illustrates an example of setting a pressure differential setpoint in a fluid
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circulation system.

Detailed Description

A fluid circulation system often includes one or more fluid pumps to circulate a fluid in
the fluid circulation system. The fluid circulation system can often be coupled to other systems,
such as a HVAC system. Fig. 1 illustrates a typical fluid circulation system 100 that is
configured to circulate a process fluid (such as water) through an outdoor unit 101 of a HVAC
system, which is generally configured to house for example an evaporator coil. The fluid
circulation system 100 can circulate a process fluid through the evaporator coil to help exchange
heat between the process fluid and the evaporator coil. The fluid circulation system 100 can also
help circulate the process fluid between the outdoor unit 101 and one or more terminal devices
111-114 (such as room units).

It is to be understood that similar fluid circulation systems can also be configured to work
with other systems (e.g. a water heater, or a radiator).

In the illustrated embodiment, the fluid can be directed into the outdoor unit 101 through
an inlet 103 and directed out of the outdoor unit 101 through an outlet 105. The fluid circulation
system 100 includes a pump 102 and the plurality of terminal devices 111-114, with the
understanding that the number of the terminal devices is exemplary and can be varied. The fluid
circulation system 100 can also include a by-pass valve 110. In the illustrated embodiment, the
fluid flowing into the terminal devices 111-114 can be regulated by a plurality of valves 121-124
respectively. The valves 121-124 as well as the by-pass valve 110 generally has an “open” state
that is configured to allow a fluid flow through the valve and a “closed” state that is configured
to generally prevent a fluid flow through the valve.

In operation, the fluid circulation system 100 can be configured to help direct the process
fluid into the outdoor unit 101 so as to exchange heat with refrigerant in the evaporator coil of
the outdoor unit 101. After heat exchange, the fluid can be directed out of the outdoor unit 101
and be distributed into the terminal devices 111-114 via the valves 121-124 respectively. The

terminal devices 111-114 can be a room unit that is configured to help exchange heat between



10

15

20

25

WO 2015/000111 PCT/CN2013/078584

the process fluid and indoor air.

The HVAC system may have a designed cooling capacity. In operation, it is generally
desired that a certain fluid flow rate through the outdoor unit 101 is maintained based on the
cooling capacity so that the refrigerant can exchange heat with the process fluid efficiently.
Generally, the higher the cooling capacity is, the higher the desired fluid flow rate through the
outdoor unit 101.

The fluid flow rate in the fluid circulation system 101 may be provided and/or regulated
by the pump 102. For example, in some embodiments, the operation speed of the pump 102 can
be varied. Generally, the higher the operation speed is, the higher the fluid flow rate. In some
embodiments, a plurality of pumps can be used as the pump 102.

The operation speed of the pump 102 can be controlled by, for example, a controller 140.
The controller 140 may include a central process unit and a memory unit so that the controller
140 is capable of executing commands, controlling, for example, the pump 102, and/or
communicating with other components (such as pressure measuring devices 131-134) of the fluid
circulation system 100.

The fluid circulation system 100 may also include a plurality of pressure measuring
devices 131-134, with the understanding that the number and locations of the pressure measuring
devices 131-134 are exemplary and can be varied. The pressure measuring devices 131-134 can
be configured to obtain fluid pressures at the corresponding positions of the pressure measuring
devices 131-134 along the fluid circulation system 100. The pressure readings obtained by one
of more of the pressure measuring devices 131-134 can be sent to the controller 140 to help
control the operation of the fluid circulation system 100.

In some embodiments, pressure differentials among the pressure measuring devices 131 -
134 may be used to control the fluid circulation system 100. For example, the pressure
measuring device 131 and the pressure measuring device 132 are generally configured to
measure a first pressure of the fluid flowing out of the outlet 105 of the outdoor unit 101and a
second pressure of the fluid flowing toward the pump 102 respectively. The pressure differential

between the first pressure and the second pressure (which can also be called pressure head for the
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outdoor unit 101) may correlate to a fluid flow rate through the fluid circulation system 100.
Generally, the higher the pressure differential is, the higher the fluid flow rate. To control the
pump 102 and the fluid flow rate in the fluid circulation system 100, in some embodiments, the
controller 140 can be configured to change the operation speed of the pump 102 so that a
pressure differential between the first pressure and the second pressure can be maintained at a
setpoint. In some embodiments, the pressure differential setpoint between the first and second
pressures can be configured so that when the pressure differential is maintained at the setpoint,
the fluid flow rate through the outdoor unit 101 can be at a desired fluid flow rate, for example,
matching the cooling capacity of the HVAC system.

It is to be understood that the fluid circulation system 100 can also be controlled by other
parameters. For example, in another embodiment, the pressure differential between the pressure
measuring device 133 and 134, which are generally configured to obtain fluid pressures of the
fluid flowing into the last terminal device 114 and the fluid flowing out of the last terminal
device 114 respectively, can be used to control the fluid flow rate in the fluid circulation system
100.

An issue with setting up the pressure differential setpoint is that the pressure differential
setpoint typically has to be set at a work site by a user. For a given fluid flow rate through the
fluid circulation system 100, the pressure differential measured by the pressure measuring
devices 131-134 can be affected by various factors including a length of the fluid pipes in the
fluid circulation system 100, a number of terminal devices 111-114, heights of the terminal
devices 111-114, among other factors. When configuring the fluid circulation system 100, a user
typically may have to determine the pressure differential setpoint based on the configuration of
the fluid circulation system 100 at the work site, and may have to adjust the pressure differential
setpoint based on his knowledge and/or experience at the work site. This process may be long
and the accuracy may be poor. Improvements can be made to help set up the pressure
differential to control the fluid circulation system 100.

Methods as disclosed herein are generally configured to help determine a pressure

differential (or pressure head) in a fluid circulation system of, for example, a HVAC system, for
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controlling the fluid circulation system. In some embodiments, the method may include
obtaining a correlation between a fluid flow rate and a pressure differential in the fluid
circulation system. The correlation can be obtained by providing a variable fluid flow rate or a
plurality of fluid flow rates via, for example, operating a pump at a plurality of operation speeds,
and measuring the fluid flow rate and the pressure differential at each of the operation speeds.
The method may also include obtaining a desired fluid flow rate to match a cooling capacity of
the HVAC system and determining a pressure differential setpoint based on the correlation
between the fluid flow rate and the pressure differential as well as the desired fluid flow rate. In
some embodiments, the methods as disclosed herein can be executed by, for example, a
controller of the HVAC system and the pressure differential setpoint can be set up automatically,
s0 as to eliminate the requirement of a user to determine the pressure differential setpoint.

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 of the present application.

Fig. 2 illustrates a method 200 to obtain a desired pressure differential setpoint in a fluid
circulation system. The method 200 can be implanted in a fluid circulation system that is
configured similarly to the fluid circulation system 100 as illustrated in Fig. 1. The fluid
circulation may be configured to provide a process fluid to an outdoor unit (such as the outdoor
unit 101 as shown in Fig. 1) of a HVAC system. The method 200 can be executed, for example,
by the controller 140 as illustrated in Fig. 1. It is to be understood that the method as illustrated
herein can generally be used with other fluid circulation system that uses a pressure differential
to control a fluid flow rate.

Referring back to the fluid circulation system 100 as shown in Fig. 1, at 210, the method
200 includes establishing a correlation between a pressure differential and a fluid flow rate in the
fluid circulation system 100. The pressure differential referred here can be, for example, the
pressure differential between the first pressure (e.g. the fluid pressure at the outlet 105 of the

outdoor unit 101) measured by the pressure measuring device 131 and the second pressure (e.g.
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the fluid pressure of the fluid flowing into the pump 102) measured by the pressure measuring
device 132. This pressure differential can sometime be referred to as a pressure head.

Generally at 210, all of the valves, the valves 121, 122, 123 and 123, are open so as to
generally allow a fluid flow through the valves 121-124. The by-pass valve 110 may be closed
s0 as to generally block a fluid flow.

To establish the correlation between the pressure differential and the fluid flow rate in the
fluid circulation system 100, the fluid circulation system 100 may be configured to provide a
plurality of fluid flow rates, and the pressure differentials can be measured at each of the
plurality of fluid flow rates. In some embodiments, to provide the plurality of fluid flow rates,
the controller 140 may be configured to change an operation speed of the pump 102, with each
operation speed providing a different fluid flow rate. At each of the operation speed, that the
pressure differential and the fluid flow rate can be obtained. For example, a typical fluid pump
can be operated between about 25 Hz to about 60 Hz. The controller 140 can be configured to
regulate the operation speed of the pump 102 between about 25 Hz and about 60Hz in one Hz
incremental. At each operation speed, the pump 102 can be operated for a period of time (such
as 30 seconds) so that the fluid flow in the fluid circulation system 100 may be generally
stabilized at the operation speed of the pump 102. And the fluid flow rate at each operation
speed can be measured, for example, by a fluid flow rate meter.

At each operation speed, the controller 140 can obtain the fluid flow rate and the pressure
differential. The fluid flow rate can be obtained, for example, by a fluid flow rate meter (not
shown), at the inlet 103 and/or the outlet 105 of the fluid circulation system 100 as well as other
locations along the fluid circulation system 100. It is appreciated that the fluid flow rate may
also be obtained by other suitable methods, such as calculated based on pressure differentials.
The pressure differential can be obtained, for example, by calculating a pressure differential
between the first pressure measured by the pressure measuring device 131 and the second
pressure measured by the pressure measuring device 132. This process can also be executed by
the controller 140.

Generally, each fluid flow rate corresponds to a specific pressure differential in the fluid
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circulation system 100. Generally, the higher the operation speed of the pump 102 is, the higher
the fluid flow rate and the higher the pressure differential. By operating the pump 102 at a
plurality of operation speeds, a plurality of corresponding flow rates and pressure differentials
can be obtained. Thus, a correlation diagram between the fluid flow rates and the pressure
differentials can be obtained.

Fig. 3 shows an illustrative diagram 300 of the correlation between the fluid flow rate and
the pressure differential. In Fig. 3, each point 310 along the diagram 300 represents a specific
fluid flow rate and its corresponding pressure differential measured at a specific operation speed.
The correlation between the fluid flow rate and the pressure differential (i.e. the diagram 300)
may be different when, for example, the configuration of the fluid circulation system 100
changes. However, for a particular configuration of the flow circulation system, a specific
correlation between the fluid flow rate and the pressure differential can be established based on
the method disclosed herein.

At 220, a desired fluid flow rate can be obtained. In a HVAC system, the desired fluid
flow rate may be determined based on a cooling capacity of the HVAC system. For example, the
desired fluid flow rate can be calculated based on the equation: Q0 = K*A*(m’/h*kW) * C (kW).
QO is the desired fluid flow rate. A is a constant and generally is set at 0.1584. C is the cooling
capacity of the HVAC system. K is a correction coefficient, which may be varied based on, for
example, the system design. The default number for K is 1.0. The cooling capacity of the
HVAC system may be provided by the manufacturer of the HVAC system. The controller 140,
for example, can calculated the desired fluid flow rate QO based on the equation Q0 =
K*0.1584(m’/h*kW) * C (kW). It is to be appreciated that the desired fluid flow rate can be
obtained based on other parameters or criteria. The desired fluid flow rate can also be
determined by a user.

At 230, a pressure differential setpoint can be determined based on the desired fluid flow
rate obtained at 220 and the correlation between the pressure differential and the fluid flow rate
obtained at 210. Referring to Fig. 3, arrow 320 indicates a point along the graph 300 that

corresponds to an exemplary desired fluid flow rate. The exemplary desired fluid flow rate is
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higher than the fluid flow rate corresponding to the point 311 but lower than the fluid flow rate
corresponding to the point 312. At 230, the method 300 can include choosing the point among
the points 310 that corresponds to a fluid flow rate that is at least equal to the exemplary desired
fluid flow rate (that is the point 310 having a fluid flow rate is at least Q0). Accordingly, the
method 200 can include choosing the point 312. The method 200 can include determining the
pressure differential setpoint corresponding to the point (i.e. the point 312) that has a fluid flow
rate at least equal to the desired fluid flow rate obtained at 220, based on the correlation between
the pressure differential and the fluid flow rate obtained at 210.

It is to be understood that the pressure differential setpoint can also be determined so that
the fluid circulation system can be configured to provide other fluid flow rates. Generally, a user
can input a target fluid flow rate to the controller 140, and the controller can determine the
pressure differential setpoint that enable the fluid circulation system 100 to provide the target
fluid flow rate based on the correlation between the pressure differential and the fluid flow rate.
It is also possible to change the pressure differential setpoint during a normal operation of the
fluid circulation system.

During a normal operation, the valves 121-124 may be open or closed based on, for
example, a cooling capacity demand of the corresponding terminal devices 111-114. The
controller 140 can be configured to control, for example, the operation speed of the pump 102 so
that the pressure differential measured by, for example, the pressure measuring devices 131 and
132, in the liquid circulation system 100 can be provided and/or maintained at the pressure
differential setpoint. The controller 140 can increase the operation speed of the pump 102 if the
pressure differential in the liquid circulation system 100 is lower than the pressure differential
setpoint, or decrease the operation speed of the pump 102 if the pressure differential in the liquid
circulation system 100 is higher than the pressure differential setpoint.

It is to be appreciated that the method 200 can be executed by, for example, the controller
140 automatically without much involvement of a user. For example, after the fluid circulation
system of a HVAC system is set up in a work site, the controller 140 can execute the method 200

to establish a correlation between the pressure differential and the fluid flow rate that is specific
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for the fluid circulation system established at the work site. The controller 140 can then
automatically set the pressure differential setpoint based on the cooling capacity, and then use
the pressure differential setpoint to control a pump of the fluid circulation system. It generally
does not require the user to set the pressure differential setpoint based on his knowledge about
the fluid circulation system or experience on setting the pressure differential setpoint. The
method 200 also generally does not require any knowledge of the actual configuration of the
liquid circulation system at the work site. This can help simplify the procedure and increase
accuracy of setting up the pressure differential setpoint.

It is to be appreciated that the fluid flow rate can be measured by, for example, a fluid
flow rate meter. However, a fluid flow rate meter is only needed when the correlation between
the pressure differential and the fluid flow rate is established initially at the work site. The fluid
flow rate meter is not needed and therefore can be removed during a normal operation.

It is also to be appreciated that the variable speed pump 102 as illustrated in Fig. 1 is
exemplary. The method 200 as illustrated in Fig. 2 can also be adapted to work with other types
of pumps and/or methods of controlling the pump. Generally speaking, the method 200 can
work with a fluid circulation system that is capable of providing a variable fluid flow rate or a
plurality of fluid flow rates. As illustrated in Fig. 1, a plurality of fluid flow rates can be
provided by varying an operation speed of a pump (e.g. the pump 102 in the fluid circulation
system 100.)

In some embodiments, a fluid circulation system may include a plurality of pumps, each
of which may have, for example, a constant operation speed. The fluid circulation system may
provide a plurality of fluid flow rates in the fluid circulation system by operating different
number and/or combination of pumps. As illustrated in Fig. 4, a fluid circulation system may
include a plurality of pumps 402-1to 402-n (where n is any integer larger than 1) arranged in
parallel. The plurality of pumps 402-1 to 402-n may replace the pump 102 in the fluid
circulation system 100 as illustrated in Fig. 1. Each of the pumps 402-1 to 402-n may be a
constant speed pump, with the understanding that any of the pumps 402-1 to 402-n may be a

variable speed pump in some other embodiments. Each of the pumps 402-1 to 402-n may have
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an “on” state and an “off” state. The fluid flow rate can be regulated by turning on each of the
pumps 402-1 to 402-n to the “on” or the “off” state.

The method 200 as illustrated in Fig. 2 can work with the plurality of pumps 402-1 to
402-n. To establish a correlation between the pressure differential and the fluid flow rate,
instead of changing the operation speed of the pump, different number and/or combination of the
pumps 402-1 to 402-n can be used to provide a plurality of fluid flow rates and corresponding
pressure differentials can be obtained. A correlation graph similar to what is illustrated in Fig. 3
can also be established. The pressure differential setpoint can then be established based on the
desired fluid flow.

It is to be understood that the embodiments as disclosed herein can generally work with a
fluid circulation system that is capable of providing a plurality of fluid flow rates. A correlation
graph similar to what illustrated in Fig. 3 can be established by correlating the measured pressure

differentials with the fluid flow rates.

Example

Fig. 5 illustrates a portion of a correlation between the water head (kpa) and the fluid
flow rate (m’/h) when the operation frequency (i.c. the operation speed) of a pump varies. The
measurement is conducted in a fluid circulation system of a HVAC system that is configured
similarly to the embodiment as illustrated in Fig. 1. Water is used in the fluid circulation system.
The fluid flow rate is measured by a fluid flow rate meter (not shown) and the water pressure
head is obtained by calculating the pressure differential between the first pressure measured by
one pressure measuring device (e.g. the pressure measuring device 131) and the second pressure
measured by another pressure measuring device (e.g. the pressure measuring device 132) in the
fluid circulation system.

All the valves that are configured to control fluid flow into a terminal device are open
(e.g. the valves 121-124) when establishing a correlation between the water pressure head and
the fluid flow rate. The operation frequency of the pump varies between 30 Hz and 60 Hz. The

pump operates about 30s at each operation frequency. The water pressure head (e.g. the pressure
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differential measured by the pressure measuring devices 131 and 132) and the corresponding
water flow rate are recorded automatically by a controller (e.g. the controller 140 in Fig. 1). Fig.
4 illustrates results when the operation frequency is between 53 Hz and 56 Hz.

The cooling capacity of the HVAC system is 35KW, which is given by the manufacture
of the HVAC system. Based on the equation Q0 = K*0.1584(m’/h*kW) * C (kW) and K is at its
default value 1.0, it is calculated that the desired fluid flow rate is 5.4 m’/h. The calculation can
be executed by the controller (e.g. the controller 140) automatically. Based on the desired fluid

flow rate 5.4 m’/h, the controller can set the controlling water pressure head at 170kpa.

Any aspects 1-6 can be combined with aspect 7.
Aspect 1. A method of determining a pressure differential setpoint to control a fluid circulation
system, comprising:

providing a plurality of fluid flow rates;

measuring a pressure differential at each of the plurality of the fluid flow rates;

correlating the pressure differential and the fluid flow rate for each of the plurality of
fluid flow rates;

obtaining a desired fluid flow rate in in the fluid circulation system; and

determining a pressure differential setpoint based on the correlation between the pressure
differential and the flow read in the fluid circulation system.
Aspect 2. The method of aspect 1, providing a plurality of fluid flow rates includes operating a
pump of the fluid circulation system at a plurality of operation speeds.
Aspect 3. The method of aspects 1-2, wherein the desired fluid flow rate is determined based on
a cooling capacity of a HVAC system that is coupled to the fluid circulation system.
Aspect 4. The method of aspects 1-3, wherein the pressure differential setpoint is at least equal
to the pressure differential that correlates to the fluid flow rate that is at least equal to the desired
fluid flow rate.
Aspect 5. The method of aspects 1-5, further comprising;:

controlling a pump of the fluid circulation system to provide the pressure differential
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setpoint.

Aspect 6. The method of aspects 2-5, wherein providing a plurality of fluid flow rates includes
operating the pump of the fluid circulation system at each of the plurality of operation
frequencies for a predetermined period of time.

Aspect 7. A device of a fluid circulation system, comprising:

a controller with a processor to execute the method of claim 1.

With regard to the foregoing description, it is to be understood that changes may be made
in detail, without departing from the scope of the present invention. It is intended that the
specification and depicted embodiments are 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 method of determining a pressure differential setpoint to control a fluid circulation system,
comprising:

providing a plurality of fluid flow rates;

measuring a pressure differential at each of the plurality of the fluid flow rates;

correlating the pressure differential and the fluid flow rate for each of the plurality of
fluid flow rates;

obtaining a desired fluid flow rate in in the fluid circulation system; and

determining a pressure differential setpoint based on the correlation between the pressure

differential and the flow read in the fluid circulation system.

2. The method of claim 1, wherein providing a plurality of fluid flow rates includes operating a

pump of the fluid circulation system at a plurality of operation speeds.

3. The method of claim 1, wherein the desired fluid flow rate is determined based on a cooling

capacity of a HVAC system that is coupled to the fluid circulation system.

4. The method of claim 1, wherein the pressure differential setpoint is at least equal to the
pressure differential that correlates to the fluid flow rate that is at least equal to the desired fluid

flow rate.

5. The method of claim 1, further comprising:
controlling a pump of the fluid circulation system to provide the pressure differential

setpoint.

6. The method of claim 2, wherein providing a plurality of fluid flow rates includes operating

the pump of the fluid circulation system at each of the plurality of operation frequencies
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for a predetermined period of time.

7. A device of a fluid circulation system, comprising;:

a controller with a processor to execute the method of claim 1.
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