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TEMPERATURE REGULATING SYSTEMS AND CONTROL METHODS THEREOF

FIELD
The disclosure relates to temperature regulating systems and control methods thereof.
More specifically, the disclosure relates to temperature regulating systems that include at least
two temperature regulators and at least two flow control devices. The flow control devices can
be in different positions, such that one temperature regulator may be in parallel and/or in serial

flow with one or more other temperature regulators.

BACKGROUND
A temperature regulator may be used to heat up or cool down a working fluid. A
working fluid can be, e.g., water, refrigerant, or the like. Multiple temperature regulators may be

used simultaneously to achieve a desired cooling or heating capacity.

SUMMARY

The disclosure relates to temperature regulating systems and control methods thereof.
More specifically, the disclosure relates to temperature regulating systems that includes at least
two temperature regulators and at least two flow control devices. The flow control devices can
be in different positions, such that one temperature regulator may be in parallel and/or in serial
flow with one or more other temperature regulators.

A “position” of a flow control device is defined to be opening and/or closing of a certain
fluid flow in a temperature regulating system. For example, when a flow control device is a two-
way valve, the flow control device can be in a closed position that stops the fluid flow; or, the
flow control device can be in an open position that allows the fluid flow. In another example,
when a flow control device is a three-way valve having input-output ports A, B, and C, the flow
control device can be in a position to stop the fluid flow at A and allow fluid flow between B and
C; or, the flow control device can be in a position to stop the fluid flow at B and allow fluid flow
between A and C; or the like.

A “flow” 1s defined to be a manner in which the working fluid flows through a
temperature regulating system, e.g., in parallel flow, in serial flow, and/or combination thereof.

For example, the working fluid may flow through two or more temperature regulators in parallel



WO 2016/101152 PCT/CN2014/094675

flow. In another example, the working fluid may flow through two or more temperature
regulators in serial flow.

A “connection” means the physical, structural connection of the components in a
temperature regulating system. A certain connection of a temperature regulating system may
allow for different fluid flows, e.g., parallel flow and/or serial flow, because flow control devices
can change their positions.

This disclosure provides different embodiments of temperature regulating systems and
control methods thereof, wherein the positions of the flow control devices in the temperature
regulating system may be changed, so that the temperature regulators in the temperature
regulating system may be in serial and/or in parallel flow. The disclosure provides different
embodiments of temperature regulating systems that have the flexibility to change the fluid flow
among parallel flow, serial flow, or combinations thereof.

To illustrate the advantages of the flexibilities according to the embodiments of the
disclosure, consider the following example. One temperature regulating system does not have
the flexibility to change fluid flow from parallel to serial flow. This temperature regulating
system has two modular temperature regulators, for example two modular water chillers using
water as a working fluid, are in parallel flow. A modular water chiller is a water chiller that can
be added or removed from a system to increase or decrease the cooling capacity of the system,
depending on the design and the need of the system. In one situation, the water flow is less than
its maximum flow capacity, e.g., 50% of its maximum flow. In this situation, only one of the
two temperature regulators, for example, can be operated, while the other unit is shut-off. This is
because if both temperature regulators in parallel flow are simultaneously operated under a 50%
fluid flow amount, damage to the temperature regulator units may result because of insufficient
fluid flow. The use of only one of the two temperature regulators can result in a 50% of the
cooling capacity of the system not being used, because the other regulator is not operating.
However, if the temperature regulating system in this example has the flexibility to change the
fluid flow such that the two temperature regulators in parallel flow can be changed to serial flow,
then the cooling capacity of both temperature regulators can be used and, at the same time,
potential damage to the temperature regulators due to insufficient fluid flow may be avoided.

This disclosure provides different temperature regulating systems and control methods

thereof that provide the ability to change the fluid flow, e.g. in serial and/or in parallel flow, of
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the temperature regulators. In other words, according to one embodiment, a temperature
regulating system under a certain connection may have the compatibilities of parallel flow and/or
serial flow. These compatibilities can be achieved through controls of the positions of flow
control devices. For example, in one flow control device position, the temperature regulators
may be in parallel flow. In another flow control device position, the temperature regulators may
be in serial flow. In another flow control device position, the temperature regulators may be
divided in groups; among groups, groups are in parallel flow; within each group, regulators are
in serial flow.

In one embodiment, as an example, a temperature regulating system includes two
temperature regulators and two flow control devices with a certain connection. Under the
connection, when the fluid flow is at 100%, for example, the flow control devices can be in such
a position that the two temperature regulators are in parallel flow. Under the same connection,
when the fluid flow is at 50%, for example, the flow control devices can be in such a position
that the two temperature regulators are in serial flow.

In another embodiment, as an example, a temperature regulating system includes three
temperature regulators and four flow control devices with a certain connection. Under the
connection, when the fluid flow is at 100%, for example, the flow control devices can be in such
a position that the three temperature regulators are in parallel flow. Under the same connection,
when the working fluid flow is at 33%, for example, the flow control device can be in such a
position that the three temperature regulators are in serial flow.

In another embodiment, as an example, a temperature regulating system includes four
temperature regulators and six flow control devices with a certain connection. Under the
connection, when the fluid flow is at 100%, for example, the flow control devices can be in such
a position that the four temperature regulators are in parallel flow. Under the same connection,
when the working fluid flow 1s at 50%, for example, the flow control devices can be in such a
position that the four temperature regulators are separated in two groups, group 1 and group 2,
wherein group 1 and group 2 each includes two temperature regulators. Group 1 is in parallel
flow with group 2. Yet, within each group, the two temperature regulators are in serial flow.
Under the same connection, when the working fluid is at 25%, for example, the flow control

devices can be in such a position that all four temperature regulators are in serial flow.
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A “temperature regulator’” may include at least one cooler, at least one heater, or
combinations thereof. A cooler is to be understood as any apparatus that is capable of removing
heat from a working fluid, such as water, oil, refrigerant, or the like, via heat exchanging. In one
embodiment, a cooler is a chiller. In another embodiment, a cooler is a water chiller. In yet
another embodiment, a cooler is a modular water chiller. A heater is to be understood as any
apparatus that is capable of adding heat to a working fluid, such as water, oil, refrigerant, or the
like, via heat exchanging. In one embodiment, the heater is a water heater. In another
embodiment, the heater is a modular water heater.

In one embodiment the temperature regulating system can be used in radiation ceiling
cooling, which uses, for example, water as a main working fluid. In another embodiment, the
temperature regulating system can be used in radiant floor heating, which uses, for example,
water as a main working fluid. In one embodiment, the temperature regulating system can be
used in buildings and enclosed spaces and/or rooms, such as for example a hotel, a hospital, a
school, an apartment building, a shopping mall, a conference center, a residential home, a sports
stadium, or the like.

The disclosure provides a temperature regulating system includes a total number of N
temperature regulators, each temperature regulator is expressed as the ith temperature regulator,
where i = 1,2,3,4...N; N can be any positive integer = 2. The fluid circuit further includes
a total number of (2N — 2) flow control devices, a fluid input, and a fluid output.

For example, in one embodiment, a temperature regulating system includes a fluid circuit
including fluidly connected components. The fluid circuit includes a first and second
temperature regulator, a first and second flow control device, a fluid input, and a fluid output. In
the fluid circuit, the fluid input is disposed upstream of the first temperature regulator, and
upstream of the second flow control device. The fluid output is disposed downstream of the first
flow control device, and downstream of the second temperature regulator. The first temperature
regulator 1s disposed downstream of the fluid input, upstream of the first flow control device, and
upstream of the second flow control device. The second temperature regulator is disposed
downstream of the second flow control device, and upstream of the fluid output. The first flow
control device is disposed downstream of the first temperature regulator, and upstream of the
fluid output. The second flow control device is disposed downstream of the fluid input,

downstream of the first temperature regulator, and upstream of the second temperature regulator.
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A “flow control device” may include one or more devices for controlling fluid flow, for
example, one or more valves. A flow control device is to be understood to be any combination
of flow control devices, e.g., valves, that are able to establish a suitable fluid flow. For example,
in one embodiment, a flow control device includes a two-way valve. In one embodiment, a flow
control device includes a three-way valve. In another embodiment, a flow control device
includes a check valve and a two-way valve.

Flow control devices in a temperature regulating system may include different devices.
In one embodiment, within a temperature regulating system, one flow control device is a two-
way valve and another flow control device is a three-way valve. In another embodiment, within
a temperature regulating system, one flow control device is a two-way valve and another flow
control device is a combination of a check valve and a two-way valve.

One embodiment of a method of controlling a temperature regulating system includes,
receiving information about an amount, e.g. flow rate, of a working fluid flowing into the
system; determining a target temperature of the working fluid; and determining an operation of
the temperature regulating system to obtain the target temperature of the working fluid.
Determining an operation of the temperature regulating system further includes, when the fluid
amount 1s less than a threshold amount, positioning a flow control device such that at least two
temperature regulators in the temperature regulating system are in serial flow.

A “threshold amount” is defined to be a certain amount of fluid, e.g. flow rate, flowing
into a temperature regulating system that is sufficient to support a certain number of temperature
regulators in the system to operate in a parallel flow without being damaged due to insufficient
fluid flow. In some situations, the certain number of temperature regulators means all of the
temperature regulators in the system. In some situations, the certain number of temperature
regulators means less than all of the temperature regulators in the system.

In one embodiment, a temperature regulating system has four regulators and each
regulator requires 25% of a maximum fluid flow supply to avoid being damaged due to
insufficient fluid flow. In a first situation of the embodiment, the four regulators are all in
parallel flow. In the first situation, the threshold amount is 100% of the maximum fluid flow
supply. In a second situation of the embodiment, the four regulators are separated into two
groups (e.g., group 1 and group 2). Within each group, the temperature regulators are in serial

flow. Among the two groups, the groups are in parallel flow. In this second situation, the
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threshold amount is 50% of the maximum fluid flow supply. In a third situation, the four
regulators are all in serial flow. In this third situation, the threshold amount is 25% of the
maximum fluid flow supply. In one embodiment, the threshold amount can be predetermined by

testing the system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates one embodiment of a temperature regulating system with two
temperature regulators and two flow control devices.

FIG. 1B illustrates another embodiment of a temperature regulating system with two
temperature regulators and two flow control devices.

FIG. 2A illustrates one embodiment of a temperature regulating system with three
temperature regulators and four flow control devices.

FIG. 2B illustrates another embodiment of a temperature regulating system with three
temperature regulators and four flow control devices.

FIG. 3 A illustrates one embodiment of a temperature regulating system with four
temperature regulators and six flow control devices.

FIG. 3B illustrates another embodiment of a temperature regulating system with four
temperature regulators and six flow control devices.

FIG. 4 illustrates an embodiment of a control method of a temperature regulating system.

FIG. 5 illustrates one embodiment of a temperature regulating system with one controller,

two temperature regulators, and two flow control devices.

DETAILED DESCRIPTION
The term “upstream of” and “downstream of” indicates the relative locations in a fluid

flow direction in a fluid circuit which include fluidly connected components. Fluid flows from
upstream to downstream. For example, component A is disposed downstream of component B
means fluid flows from component B to component A. In another example, component A is
disposed downstream of component B has the same meaning as B is disposed upstream of A. In
this paragraph, component means non-piping and non-passage way types of system components,
e.g., temperature regulators, flow control devices, oil separators, heat-exchangers, or the like. In

some embodiments, “disposed downstream” (or upstream) means fluid can flow directly from
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one component to another component directly without any intermediate component disposed in
between. For example, component A is disposed downstream of component B means fluid flows
directly from B to A without any intermediate component between component B and component
A. In some other embodiments, “disposed downstream” (or upstream) means fluid can flow
indirectly from one component to another component with intermediate components disposed in
between. For example, component A is disposed downstream of component B means fluid flows
indirectly from B to A with one or more intermediate components disposed between component
B and component A.

FIG. 1A and 1B illustrates two different embodiments of a temperature regulating system
with two temperature regulators and two flow control devices. A flow control device may
include one or more devices for controlling fluid flow, for example, one or more valves. A flow
control device is to be understood to be any combination of devices, e.g., valves, that is able to
establish a suitable fluid flow. For example, in one embodiment, a flow control device includes
a two-way valve. In one embodiment, a flow control device includes a three-way valve. In
another embodiment, a flow control device includes a check valve and a two-way valve.

FIG. 1A illustrates one embodiment of a temperature regulating system 100 with two
temperature regulators and two flow control devices. In FIG. 1A, one embodiment of a
temperature regulating system 100 includes a fluid circuit including fluidly connected
components. The fluid circuit includes a first 105 and second 115 temperature regulator, a first
110 and second 120 flow control device, a fluid input 101, and a fluid output 102.

In the fluid circuit, the fluid input 101 is disposed upstream of the first temperature
regulator 105, and upstream of the second flow control device 120. The fluid output 102 is
disposed downstream of the first flow control device 110, and downstream of the second
temperature regulator 115.

The first temperature regulator 105 is disposed downstream of the fluid input 101,
upstream of the first flow control device 110, and upstream of the second flow control device
120. The second temperature regulator is disposed downstream of the second flow control
device 120, and upstream of the fluid output 102.

The first flow control device 110 is disposed downstream of the first temperature
regulator 105, and upstream of the fluid output 102. The second flow control device 120 is

disposed downstream of the fluid input 101, downstream of the first temperature regulator 105,
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and upstream of the second temperature regulator 115. As shown in FIG. 1A, the first flow
control device 110 is a two-way valve 111. The second flow control device 120 is a three-way
valve 121.

FIG. 1B illustrates another embodiment of a temperature regulating system 100 with two
temperature regulators and two flow control devices. As shown in FIG. 1B, the first flow control
device 110 can be a two-way valve 160. In another embodiment, the second flow control device
120 can include a check valve 170 and a two-way valve 175. The check valve 170 is disposed
downstream of the first temperature regulator 105 and upstream of the second temperature
regulator 115. The check valve 170 regulates fluid to flow unidirectionally from the first
temperature regulator 105 to the second temperature regulator 115. The two-way valve 175 is
disposed downstream of the fluid input 101 and upstream of the second temperature regulator
115.

In one embodiment, as shown in FIG. 1A and 1B, the first flow control device 110 and
the second flow control device 120 can be in a position such that the first temperature regulator
105 and the second temperature regulator 115 can be in parallel flow. The first flow control
device 110 can be in an open position, such that the working fluid can flow, e.g. flow directly,
from the first temperature regulator 105 to the fluid output 102. The second flow control device
120 1s in a position such that no working fluid can flow from the first temperature regulator 105
to the second temperature regulator 115; and there can be fluid flow, e.g. direct flow, from the
fluid input 101 to the second temperature regulator 115.

In another embodiment, as shown in FIG. 1A and 1B, the first flow control device 110
and the second flow control device 120 can be in a position such that the first temperature
regulator 105 and the second temperature regulator 115 can be in serial flow. The first flow
control device 110 can be in a closed position, such that the working fluid cannot flow from the
first temperature regulator 105 to the fluid output 102. The second flow control device 120 is in
a position such that working fluid can flow, e.g. flow directly, from the first temperature
regulator 105 to the second temperature regulator 115; and no fluid can flow from the fluid input
101 to the second temperature regulator 115.

In one embodiment, the first 105 and/or second 115 temperature regulator may include at
least one cooler, at least one heater, or combinations thereof. A cooler is to be understood as any

apparatus that is capable of removing heat from a liquid via heat exchanging. In one
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embodiment, a cooler is a chiller. In another embodiment, a cooler is a water chiller. In yet
another embodiment, a cooler is a modular water chiller. A heater is to be understood as any
apparatus that is capable of adding heat to a liquid via heat exchanging. In one embodiment, the
heater 1s a water heater. In another embodiment, the heater is a modular water heater.

FIG. 2A illustrates one embodiment of a temperature regulating system 200 with three
temperature regulators and four flow control devices. In one embodiment, as shown in FIG. 2A,
a temperature regulating system 200 includes a fluid circuit including fluidly connected
components. The fluid circuit includes a first 205, second 220, and third 235 temperature
regulator, a first 210, second 215, third 225, and fourth 230 flow control device, a fluid input 201,
and a fluid output 202.

The fluid input 201 1s disposed upstream of the first temperature regulator 205, upstream
of the second 215 and fourth 230 flow control devices. The fluid output 202 is disposed
downstream of the first 210 and third 225 flow control devices, and downstream of the third
temperature regulator 235.

The first temperature regulator 205 is disposed downstream of the fluid input 201,
upstream of the first flow control device 210, and upstream of the second flow control device
215. The second temperature regulator 220 is disposed downstream of the second flow control
device 215, upstream of the third flow control device 225, and upstream of the fourth flow
control device 230. The third temperature regulator 235 is disposed downstream of the fourth
flow control device 230, and upstream of the fluid output 202.

The first flow control device 210 is disposed downstream of the first temperature
regulator 205, and upstream of the fluid output 202. The second flow control device 215 is
disposed downstream of the fluid input 201, downstream of the first temperature regulator 205,
and upstream of the second temperature regulator 220. The third flow control device 225 1s
disposed downstream of the second temperature regulator 220, and upstream of the fluid output
202. The fourth flow control device 230 is disposed downstream of the fluid input 201,
downstream of the second temperature regulator 220, and upstream of the third temperature
regulator 235.

As shown in FIG. 2A and FIG. 2B, in one embodiment, the first flow control device 210
can be a two-way valve 211. In one embodiment, the third flow control device 225 can be a two-

way valve 226.
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As shown in FIG. 2A, in one embodiment, the second flow control device 215 canbe a
three-way valve 216. In another embodiment, the fourth flow control device 230 can be a three-
way valve 231.

As shown in FIG. 2B, in one embodiment, the second flow control device 215 can
include a check valve 218 and a two-way valve 217. The check valve 218 is disposed
downstream of the first temperature regulator 205 and upstream of the second temperature
regulator 220. The check valve 218 regulates fluid to flow unidirectionally from the first
temperature regulator 205 to the second temperature regulator 220. The two-way valve 217 is
disposed downstream of the fluid input 201 and upstream of the second temperature regulator
220.

As shown in FIG. 2B, the fourth flow control device 230 can include a check valve 233
and a two-way valve 232. The check valve 233 is disposed downstream of the second
temperature regulator 220 and upstream of the third temperature regulator 235. The check valve
233 regulates fluid to flow unidirectionally from the second temperature regulator 220 to the
third temperature regulator 235. The two-way valve 232 is disposed downstream of the fluid
input 201 and upstream of the third temperature regulator 235.

In one embodiment, the flow control devices 210, 215, 225, 230 are in a position such
that the temperature regulators 205, 220, 235 (as show in FIG. 2A and 2B) are in parallel flow.
In this embodiment, the first 210 and the third 225 flow control devices are in open positions,
such that working fluid can flow, e.g. flow directly, from the first 205 and the second 220
temperature regulators to the fluid output 202. In this embodiment, the second flow control
device 215 is in a position that there is no flow of working fluid from the first temperature
regulator 205 to the second temperature regulator 220; but there is flow, e.g. direct flow, of
working fluid from the fluid input 201 to the second temperature regulator 220. In this
embodiment, the fourth flow control device 230 is in a position that there is no flow of working
fluid from the second temperature regulator 220 to the third temperature regulator 235; but there
is flow, e.g. direct flow, of working fluid from the fluid input 201 to the third temperature
regulator 235. In another embodiment, the flow control devices 210, 215, 225, 230 are in a
position such that the temperature regulators 205, 220, 235 (as show in FIG. 2A and 2B) are in
serial flow. In this embodiment, the first 210 and the third 225 flow control devices are in closed

positions, such that working fluid cannot flow from the first 205 and the second 220 temperature
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regulators to the fluid output 202. In this embodiment, the second flow control device 215 is in a
position such that the working fluid can flow, e.g. flow directly, from the first temperature
regulator 205 to the second temperature regulator 220; but the working fluid cannot flow from
the fluid input 201 to the second temperature regulator 220. In this embodiment, the fourth flow
control device 230 is in a position such that the working fluid can flow, e.g. flow directly, from
the second temperature regulator 220 to the third temperature regulator 235; but there the
working fluid cannot flow from the fluid input 201 to the third temperature regulator 235.

In another embodiment, the flow control devices 210, 215, 225, 230 are in a position such
that the temperature regulators 205, 220, 235 (as show in FIG. 2A and 2B) are separated in two
groups, group 1 and group 2. Group 1 and group 2 are in parallel flow. However, within each
group, the temperature regulators are in serial flow.

In one embodiment, as shown in FIG. 2A and 2B, group 1 may include the first 205 and
second 220 temperature regulators, wherein the first 205 and second 220 temperature regulators
may be in serial flow. Group 2 includes the third temperature regulator 235. In this embodiment,
the first flow control device 210 is in a closed position, such that working fluid cannot flow from
the first temperature regulator 205 to the fluid output 202. The second flow control device 215 is
in a position such that the working fluid can flow, e.g. flow directly, from the first temperature
regulator 205 to the second temperature regulator 220, but the working fluid cannot flow from
the fluid input 201 to the second temperature regulator 220. The third flow control device 225 is
in an open position, such that working fluid can flow, e.g. flow directly, from the second
temperature regulator 220 to the fluid output 202. The fourth flow control device 230 is in a
position such that the working fluid cannot flow from the second temperature regulator 220 to
the third temperature regulator 235, but the working fluid can flow, e.g. flow directly, from the
fluid input 201 to the third temperature regulator 235.

In one embodiment, the first 205, second 220, and/or third 235 temperature regulator may
include at least one cooler, at least one heater, or combinations thereof. A cooler is to be
understood as any apparatus that is capable of removing heat from a liquid via heat exchanging.
In one embodiment, a cooler is a chiller. In another embodiment, a cooler is a water chiller. In
yet another embodiment, a cooler is a modular water chiller. A heater is to be understood as any
apparatus that is capable of adding heat to a liquid via heat exchanging. In one embodiment, the

heater 1s a water heater. In another embodiment, the heater is a modular water heater.
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FIG. 3 A illustrates one embodiment of a temperature regulating system 300 with four
temperature regulators and six flow control devices. In one embodiment, such as in FIG. 3A, a
temperature regulating system 300, includes a fluid circuit including fluidly connected
components. The fluid circuit includes a first 305, second 320, third 335, and fourth 349
temperature regulator, a first 310, second 315, third 325, fourth 330, fifth 340, and sixth 345 flow
control device, a fluid input 301, and a fluid output 302.

In the temperature regulating system 300, the fluid input 301 is disposed upstream of the
first temperature regulator 305, and upstream of the second 316, fourth 331, and sixth 346 flow
control devices.

The fluid output 302 is disposed downstream of the first 310, third 325, and fifth 340
flow control devices, and downstream of the fourth temperature regulator 349.

The first temperature regulator 305 is disposed downstream of the fluid input 301,
upstream of the first flow control device 310, and upstream of the second flow control device
315. The second temperature regulator 320 is disposed downstream of the second flow control
device 315, upstream of the third flow control device 325, and upstream of the fourth flow
control device 330. The third temperature regulator 335 is disposed downstream of the fourth
flow control device 330, upstream of the fifth flow control device 340, and upstream of the sixth
flow control device 345. The fourth temperature regulator 349 is disposed downstream of the
sixth flow control device 345, and upstream of the fluid output 302.

The first flow control device 310 is disposed downstream of the first temperature
regulator 305, and upstream of the fluid output 302. The second flow control device 315 is
disposed downstream of the fluid input 301, downstream of the first temperature regulator 305,
and upstream of the second temperature regulator 320. The third flow control device 325 is
disposed downstream of the second temperature regulator 320, and upstream of the fluid output
302. The fourth flow control device 330 is disposed downstream of the fluid input 301,
downstream of the second temperature regulator 320, and upstream of the third temperature
regulator 335. The fifth flow control device 340 is disposed downstream of the third temperature
regulator 335, and upstream of the fluid output 302. The sixth flow control device 345 1s
disposed downstream of the fluid input 301, downstream of the third temperature regulator 335,

and upstream of the fourth temperature regulator 349.
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In one embodiment, as shown in FIG. 3A and FIG. 3B, the first flow control device 310
is a two-way valve 311. In another embodiment, the third flow control device 325 can be a two-
way valve 326. In yet another embodiment, the fifth flow control device 340 can be a two-way
valve 341.

In one embodiment, as shown in FIG. 3A, the second flow control device 315 can be a
three-way valve 316. In another embodiment, the fourth flow control device 330 can be a three-
way valve 331. In another embodiment, the sixth flow control device 345 can be a three-way
valve 346.

As shown in FIG. 3B, in one embodiment, the second flow control device 315 can
include a check valve 318 and a two-way valve 317. The check valve 318 is disposed
downstream of the first temperature regulator 305 and upstream of the second temperature
regulator 320. The check valve 318 regulates fluid to flow unidirectionally from the first
temperature regulator 305 to the second temperature regulator 320. The two-way valve 317 is
disposed downstream of the fluid input 301 and upstream of the second temperature regulator
320.

As shown in FIG. 3B, in another embodiment, the fourth flow control device 330 can
include a check valve 333 and a two-way valve 332. The check valve 333 is disposed
downstream of the second temperature regulator 320 and upstream of the third temperature
regulator 335. The check valve 333 regulates fluid to flow unidirectionally from the second
temperature regulator 320 to the third temperature regulator 335. The two-way valve 332 is
disposed downstream of the fluid input 301 and upstream of the third temperature regulator 335.

As shown in FIG. 3B, in another embodiment, the sixth flow control device 345 can
include a check valve 348 and a two-way valve 347. The check valve 348 is disposed
downstream of the third temperature regulator 335 and upstream of the fourth temperature
regulator 349. The check valve 348 regulates fluid to flow unidirectionally from the third
temperature regulator 335 to the fourth temperature regulator 349. The two-way valve 347 is
disposed downstream of the fluid input 301 and upstream of the fourth temperature regulator 349.

In one embodiment, the first 305, second 320, third 335, and/or fourth 349 temperature
regulator may include at least one cooler, at least one heater, or combinations thereof. A cooler
is to be understood as any apparatus that is capable of removing heat from a liquid via heat

exchanging. In one embodiment, a cooler is a chiller. In another embodiment, a cooler is a
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water chiller. In yet another embodiment, a cooler is a modular water chiller. A heater is to be
understood as any apparatus that is capable of adding heat to a liquid via heat exchanging. In
one embodiment, the heater is a water heater. In another embodiment, the heater 1s a modular
water heater.

Applying similar principles as described in FIG. 1A, 1B, 2A, and 2B, in one embodiment,
the first 310, second 315, third 325, fourth 330, fifth 340, and sixth 345 flow control devices may
be in a position that the first 305, second 320, third 335, and fourth 349 temperature regulators
are in serial flow. In one embodiment, the first 310, second 315, third 325, fourth 330, fifth 340,
and sixth 345 flow control devices may be in a position that the first 305, second 320, third 335,
and fourth 349 temperature regulators are in parallel flow.

In another embodiment, the flow control devices 310, 315, 325, 330, 340, 345 areina
position such that the temperature regulators 305, 320, 335, 349 (as show in FIG. 3A and 3B) are
separated in two groups, group 1 and group 2. Group 1 and group 2 are in parallel flow.
However, within each group, the temperature regulators are in serial flow.

In one embodiment, as shown in FIG. 3A and 3B, group 1 may include the first 305 and
second 320 temperature regulators, wherein the first 305 and second 320 temperature regulators
may be in serial flow. Group 2 includes the third 335 and fourth 349 temperature regulators,
wherein the third 335 and the fourth 349 temperature regulators may be in serial flow. In this
embodiment, the first flow control device 310 is in a closed position, such that working fluid
cannot flow from the first temperature regulator 305 to the fluid output 302. The second flow
control device 315 is in a position such that the working fluid can flow, e.g. flow directly, from
the first temperature regulator 305 to the second temperature regulator 320, but the working fluid
cannot flow from the fluid input 301 to the second temperature regulator 320. The third flow
control device 325 is in an open position, such that the working fluid can flow, e.g. flow directly,
from the second temperature regulator 320 to the fluid output 302. The fourth flow control
device 330 is in a position such that the working fluid cannot flow from the second temperature
regulator 320 to the third temperature regulator 335, but the working fluid can flow, e.g. flow
directly, from the fluid input 301 to the third temperature regulator 335. The fifth flow control
device 340 1s in a closed position, such that working fluid cannot flow from the third temperature
regulator 335 to the fluid output 302. The sixth flow control device 345 is in a position such that

the working fluid can flow, e.g. flow directly, from the third temperature regulator 335 to the
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fourth temperature regulator 349, but the working fluid cannot flow from the fluid input 301 to
the fourth temperature regulator 349. It should be understood that the above embodiment is only
an example. Group 1 and group 2 may include different number of temperature regulators, e.g.,
group 1 has three and group 2 has one temperature regulator, or vice versa, and still maintain the
parallel flow among groups and serial flow within a group.

It should be understood that different embodiments of a temperature regulating system
are not limited to two regulators (as shown in FIG. 1A and 1B), three regulators (as shown in
FIG. 2A and 2B), and four regulators (as shown in FIG. 3A and 3B). The number of regulators
can go up to N, where N can be any positive integer equal or larger than 2.

In one embodiment, a temperature regulating system includes a fluid circuit including
fluidly connected components. The fluid circuit includes a total number of N temperature
regulators, each temperature regulator is expressed as the ith temperature regulator, where
i=1,2,3,4...N; N can be any positive integer = 2. The fluid circuit further includes a total
number of (2N — 2) flow control devices, a fluid input, and a fluid output.

The configurations of the N regulators and the (2N — 2) flow control devices can be
mathematically described under three conditions: wheni = 1,1 <i < N, andi{ = N as follows.

When i = 1, the ith temperature regulator is disposed downstream of the fluid input,
upstream of the (2i — 1)th flow control device, and upstream of the (2i)th flow control device;
the (2i — 1)th flow control device is disposed downstream to the ith temperature regulator, and
upstream of the fluid output, the (2i)th flow control deviceis disposed downstream of the fluid
input, downstream of the ith temperature regulator, and upstream of the (i + 1)th temperature
regulator.

When 1 < i < N, the ith temperature regulator is disposed downstream of the (2i —
2)th flow control device, upstream of the (2i — 1)th flow control device, and upstream of the
(2i)th flow control device; the (2i — 1)th flow control device is disposed downstream of the ith
temperature regulator, and upstream of the fluid output, the (2i)th flow control device is
disposed downstream to the fluid input, downstream of the ith temperature regulator, and
upstream of the (i + 1)th regulator.

When i = N, the ith temperature regulator is disposed downstream of the (2i — 2)th

flow control device, and upstream of the fluid output.
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In another embodiment, for example, a temperature regulating system with N regulators
and (2N-2) flow control devices, the flow control devices may be in different positions such that
any temperature regulator can be in a parallel and/or serial flow with another temperature
regulator.

FIG. 4 illustrates an embodiment of a control method 400 of a temperature regulating
system. In one embodiment, as shown in FIG. 4, the control method includes receiving
information about an amount of a working fluid flowing into the system 405; determining a
target temperature of the working fluid 410; and determining an operation of the temperature
regulating system to obtain the target temperature of the working fluid 415. The determining an
operation of the temperature regulating system further includes, when the fluid amount is less
than a threshold amount, positioning a flow control device such that at least two temperature
regulators in the temperature regulating system are in serial flow 420.

The method of receiving information about an amount of a working fluid flowing into the
system further includes receiving information about working fluid availability 406; and/or
receiving information about demands of the working fluid 407.

The receiving information about working fluid availability 406 may further include
receiving information about the working fluid supply; receiving information about a
governmental regulation; or the like. The receiving information about the working fluid supply
can include measuring the fluid flow amount at a fluid input. The receiving information about a
governmental regulation may include e.g, information about municipal water control schedule,
limitation on water usage, or the like.

The receiving information about demands of the working fluid 407 may further include
receiving information about a predictable schedule. Predictable schedule may include, e.g., a
check-in, check-out schedule of a hotel, a meeting schedule of a conference, a working schedule
of a factory, a class schedule of a school, a working schedule of an office building, an
operational schedule of a shopping mall, or the like.

The determining a target temperature of the working fluid 410 may further include
receiving information about a fluid temperature at a fluid input 411; receiving information about
a fluid temperature at a fluid output 412; receiving information about indoor temperature 413;
receiving information about outdoor temperature 414; and/or the like. The outdoor temperature

may be obtained through actual measurement, weather forecast, or the like.
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The determining an operation of the temperature regulating system 415 may include
receiving information of a working load of the temperature regulator 416, e.g., compressor
energy consumptions, fan speed, working fluid flow rate, fluid pump energy consumptions,
and/or the like. The determining an operation of the temperature regulating system 415 may
further include a subsequent process ofregulating a cooling/heating capacity of the temperature
regulators 417, or the like.

FIG. 5 illustrates one embodiment of a temperature regulating system with one controller,
two temperature regulators, and two flow control devices. In FIG. 5, the temperature regulating
system 500 includes a first 510 and second 520 temperature regulator, a first 514 and second 524
flow control device, a fluid input 501, a fluid output 502, and a controller 505.

As shown in FIG. 5, the controller 505 establishes independent communications (shown
as dashed line) with the first temperature regulator 510, the second temperature regulator 520,
the first flow control device 514, and the second flow control device 524. The communication
can be electrical/electromagnetic/electronic communication. In one embodiment, the
communication can be done through a physical wire. In another embodiment, the
communication can be done through wireless communication. The controller 505 may include a
processor, a memory, a clock, and an input/output (I/O) interface (not shown). In some
embodiments, the controller can include fewer or additional components.

In one embodiment, the controller 505 may control the working capacity of the
temperature regulators 510, 520.

In one embodiment, the controller 505 may control the first 514 and the second 524 flow
control devices in a position such that the first 510 and second 520 temperature regulators are in
serial flow. In this embodiment, the controller 505 controls the first flow control device 514 in a
position such that no fluid flows from the first temperature regulator 510 to the fluid output 502.
The controller 505 further controls the second flow control device 524 such that no working fluid
may flow from the fluid input 501 to the second temperature regulator 520, but the working fluid
may flow, e.g., directly flow, from the first temperature regulator 510 to the second temperature
regulator 520.

In one embodiment, the controller 505 may control the first 514 and the second 524 flow
control devices in a position that the first 510 and second 520 temperature regulators are in

parallel flow. In this embodiment, the controller 505 controls the first flow control device 514
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such that the working fluid may flow, e.g., directly flow, from the first temperature regulator 510
to the fluid output 502. The controller 505 further controls the second flow control device 524
such that the working fluid may flow, e.g., directly flow, from the fluid input 501 to the second
temperature regulator 520, but the working fluid cannot flow from the first temperature regulator
510 to the second temperature regulator 520.

It s to be understood that the controller 505 described in FIG. 5 can be applied to any
temperature regulating system described in this application, for example FIG. 1A, 1B, 2A, 2B,
3A, and 3B. It s to be understood that a controller may be further applied in a temperature
regulating system with N regulators, where N is positive integers and N>2, and (2N-2) flow
control devices. The controller can be used in a temperature regulating system to change
positions of flow control devices, such that the fluid flows of the temperature regulators are
changeable, e.g. parallel, serial, parallel among groups and serial within any group, or the like.
Examples of the flexibility of changing fluid flows are described in different embodiments in
FIG. 1A, 1B, 2A, 2B, 3A, and 3B.

It 1s to be understood that a controller can be applied to any temperature regulating
system using the control method as shown in FIG. 4. A controller 505 may receive information
about a fluid amount of a working fluid 405; may determine a target temperature of the working
fluid 410; and determine an operation of the temperature regulating system 415. The controller
505 may also determine the operation, when the fluid amount is less than a threshold amount, the
controller can position a flow control device such that at least two temperature regulators in the

temperature regulating system are in serial flow 420.

Aspects.
It is noted that any of the aspects 1-16, and be combined with any of the aspects 16 and 17-22.
Aspect 16 can be combined with any of the aspects 17-22.

Aspect 1. A temperature regulating system, comprising;:
a fluid circuit including fluidly connected components, the fluid circuit includes a first
and second temperature regulator, a first and second flow control device, a fluid input, and a

fluid output, wherein,
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the fluid input is disposed upstream of the first temperature regulator, and upstream of the
second flow control device;

the fluid output is disposed downstream of the first flow control device, and downstream
of the second temperature regulator;

the first temperature regulator is disposed downstream of the fluid input, upstream of the
first flow control device, and upstream of the second flow control device;

the second temperature regulator is disposed downstream of the second flow control
device, and upstream of the fluid output;

the first flow control device is disposed downstream of the first temperature regulator,
and upstream of the fluid output; and

the second flow control device is disposed downstream of the fluid input, downstream of

the first temperature regulator, and upstream of the second temperature regulator.

Aspect 2. The temperature regulating system according to aspect 1, the first flow control device

includes a two-way valve.

Aspect 3. The temperature regulating system according to aspect 1-2, the second flow control

device includes a three-way valve.

Aspect 4. The temperature regulating system according to aspect 1-2, the second flow control
device further includes a check valve and a two-way valve, wherein,

the check valve is disposed downstream of the first temperature regulator and upstream
of the second temperature regulator, the check valve regulates fluid to flow unidirectionally from
the first temperature regulator to the second temperature regulator; and

the two-way valve is disposed downstream of the fluid input and upstream of the second

temperature regulator,

Aspect 5. The temperature regulating system according to aspect 1-4, wherein the first or second

temperature regulator includes at least one cooler or at least one heater.
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Aspect 6. The temperature regulating system according to aspect 1-5, further includes a

controller, the controller controls the temperature regulators and flow control devices.

Aspect 7. The temperature regulating system according to aspect 1-6, wherein the fluid circuit
further comprises a third temperature regulator, and a third and fourth flow control device,
wherein,

the third temperature regulator is disposed downstream of the fourth flow control device,
and upstream of the fluid output;

the third flow control device 1s disposed downstream of the second temperature regulator,
and upstream of the fluid output; and

the fourth flow control device i1s disposed downstream of the fluid input, downstream of

the second temperature regulator, and upstream of the third temperature regulator.

Aspect 8. The temperature regulating system according to aspect 7, the third flow control device

includes a two-way valve.

Aspect 9. The temperature regulating system according to aspect 7-8, the fourth flow control

device includes a three-way valve.

Aspect 10. The temperature regulating system according to aspect 7-8, the fourth flow control
device further includes a check valve and a two-way valve, wherein,
the check valve is disposed downstream of the second temperature regulator and
upstream of the third temperature regulator, the check valve regulates fluid to flow
unidirectionally from the second temperature regulator to the third temperature regulator; and
the two-way valve is disposed downstream of the fluid input and upstream of the third

temperature regulator.

Aspect 11. The temperature regulating system according to aspect 7-10, the third temperature

regulator includes at least one cooler or at least one heater.
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Aspect 12. The temperature regulating system according to aspect 7-11, wherein the fluid circuit
further comprises a fourth temperature regulator, and a fifth and sixth flow control device,
wherein,

the fourth temperature regulator is disposed downstream of the sixth flow control device,
and upstream of the fluid output;

the fifth flow control device is disposed downstream of the third temperature regulator,
and upstream of the fluid output; and

the sixth flow control device is disposed downstream of the fluid input, downstream of

the third temperature regulator, and upstream of the fourth temperature regulator.

Aspect 13. The temperature regulating system according to aspect 12, the fifth flow control

device includes a two-way valve.

Aspect 14. The temperature regulating system according to aspect 12-13, the sixth flow control

device includes a three-way valve.

Aspect 15. The temperature regulating system according to aspect 12-13, the sixth flow control
device further includes a check valve and a two-way valve, wherein,

the check valve is disposed downstream of the third temperature regulator and upstream
of the fourth temperature regulator, the check valve regulates fluid to flow unidirectionally from
the third temperature regulator to the fourth temperature regulator; and

the two-way valve is disposed downstream of the fluid input and upstream of the fourth

temperature regulator.

Aspect 16. A temperature regulating system, comprising:
a fluid circuit including fluidly connected components, the fluid circuit includes
a total number of 7 temperature regulators, where
i=1,2,3,4...N; N can be any positive integer = 2,
a total number of (2N — 2) flow control devices,
a fluid input, and
a fluid output,
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wherein,
wheni =1,
the ith temperature regulator is disposed downstream of the fluid input, upstream
of the (2i — 1)th flow control device, and upstream of the (2i)th flow control device;
the (2i — 1)th flow control device is disposed downstream to the ith temperature
regulator, and upstream of the fluid output,
the (2i)th flow control device, where is disposed downstream of the fluid input,
downstream of the ith temperature regulator, and upstream of the (i + 1)th temperature
regulator,
when1 <i <N,
the ith temperature regulator is disposed downstream of the (2i — 2)th flow
control device, upstream of the (2{ — 1)th flow control device, and upstream of the (2i)th flow
control device,
the (2i — 1)th flow control device is disposed downstream of the ith temperature
regulator, and upstream of the fluid output,
the (2i)th flow control device is disposed downstream to the fluid input,
downstream of the ith temperature regulator, and upstream of the (i + 1)th regulator;
wheni =N,
the ith temperature regulator is disposed downstream of the (2i — 2)th flow

control device, and upstream of the fluid output.

Aspect 17. A method of controlling a temperature regulating system, comprising,
receiving information about an amount of a working fluid flowing into the system;
determining a target temperature of the working fluid; and
determining an operation of the temperature regulating system to obtain the target
temperature of the working fluid, further including
when the fluid amount is less than a threshold amount, positioning a flow control
device such that at least two temperature regulators in the temperature regulating system

are in serial flow.
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Aspect 18. The method of aspect 17, wherein the step of receiving information about a fluid
amount of a working fluid comprises
receiving information about working fluid availability; and/or

receiving information about demands of the working fluid

Aspect 19. The method of aspect 18, wherein the step of receiving information about working
fluid availability includes
receiving information about the working fluid supply; and/or

receiving information about a governmental regulation.

Aspect 20. The method of aspect 18, wherein the step of receiving information about demands
of the working fluid includes,

receiving information about a predictable schedule.

Aspect 21. The method according to aspect 17-20, wherein the step of determining a target
temperature of the working fluid includes

receiving information about a fluid temperature at a fluid input;

receiving information about a fluid temperature at a fluid output;

receiving information about an indoor temperature; and/or

receiving information about an outdoor temperature.

Aspect 22. The method according to aspect 17-21, wherein the step of determining an operation
of the temperature regulating system includes
receiving information of a working load of the temperature regulator; and/or

regulating a cooling/heating capacity of the temperature regulators.

With regard to the foregoing disclosure, it is to be understood that variations 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 temperature regulating system, comprising:

a fluid circuit including fluidly connected components, the fluid circuit includes a first
and second temperature regulator, a first and second flow control device, a fluid input, and a
fluid output, wherein,

the fluid input is disposed upstream of the first temperature regulator, and upstream of the
second flow control device;

the fluid output is disposed downstream of the first flow control device, and downstream
of the second temperature regulator;

the first temperature regulator is disposed downstream of the fluid input, upstream of the
first flow control device, and upstream of the second flow control device;

the second temperature regulator is disposed downstream of the second flow control
device, and upstream of the fluid output;

the first flow control device is disposed downstream of the first temperature regulator,
and upstream of the fluid output; and

the second flow control device is disposed downstream of the fluid input, downstream of

the first temperature regulator, and upstream of the second temperature regulator.

2. The temperature regulating system according to claim 1, the first flow control device

includes a two-way valve.

3. The temperature regulating system according to claim 1, the second flow control device

includes a three-way valve.

4. The temperature regulating system according to claim 1, the second flow control device

further includes a check valve and a two-way valve, wherein,
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the check valve is disposed downstream of the first temperature regulator and upstream
of the second temperature regulator, the check valve regulates fluid to flow unidirectionally from
the first temperature regulator to the second temperature regulator; and

the two-way valve is disposed downstream of the fluid input and upstream of the second

temperature regulator,

S. The temperature regulating system according to claim 1, wherein the first or second

temperature regulator includes at least one cooler or at least one heater.

6. The temperature regulating system according to claim 1, further includes a controller, the

controller controls the temperature regulators and flow control devices.

7. The temperature regulating system according to claim 1, wherein the fluid circuit further
comprises a third temperature regulator, and a third and fourth flow control device, wherein,

the third temperature regulator is disposed downstream of the fourth flow control device,
and upstream of the fluid output;

the third flow control device 1s disposed downstream of the second temperature regulator,
and upstream of the fluid output; and

the fourth flow control device is disposed downstream of the fluid input, downstream of

the second temperature regulator, and upstream of the third temperature regulator.

8. The temperature regulating system according to claim 7, the third flow control device

includes a two-way valve.

9. The temperature regulating system according to claim 7, the fourth flow control device

includes a three-way valve.

10. The temperature regulating system according to claim 7, the fourth flow control device

further includes a check valve and a two-way valve, wherein,
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the check valve is disposed downstream of the second temperature regulator and
upstream of the third temperature regulator, the check valve regulates fluid to flow
unidirectionally from the second temperature regulator to the third temperature regulator; and

the two-way valve is disposed downstream of the fluid input and upstream of the third

temperature regulator.

11. The temperature regulating system according to claim 7, the third temperature regulator

includes at least one cooler or at least one heater.

12. The temperature regulating system according to claim 7, wherein the fluid circuit further
comprises a fourth temperature regulator, and a fifth and sixth flow control device, wherein,

the fourth temperature regulator is disposed downstream of the sixth flow control device,
and upstream of the fluid output;

the fifth flow control device is disposed downstream of the third temperature regulator,
and upstream of the fluid output; and

the sixth flow control device is disposed downstream of the fluid input, downstream of

the third temperature regulator, and upstream of the fourth temperature regulator.

13. The temperature regulating system according to claim 12, the fifth flow control device

includes a two-way valve.

14. The temperature regulating system according to claim 12, the sixth flow control device

includes a three-way valve.

15. The temperature regulating system according to claim 12, the sixth flow control device
further includes a check valve and a two-way valve, wherein,

the check valve is disposed downstream of the third temperature regulator and upstream
of the fourth temperature regulator, the check valve regulates fluid to flow unidirectionally from
the third temperature regulator to the fourth temperature regulator; and

the two-way valve is disposed downstream of the fluid input and upstream of the fourth

temperature regulator.
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16. A temperature regulating system, comprising:
a fluid circuit including fluidly connected components, the fluid circuit includes
a total number of 7 temperature regulators, where

i=1,2,3,4...N; N can be any positive integer = 2,
a total number of (2N — 2) flow control devices,

a fluid input, and

a fluid output,
wherein,
wheni =1,

the ith temperature regulator is disposed downstream of the fluid input, upstream
of the (2i — 1)th flow control device, and upstream of the (2i)th flow control device;

the (2i — 1)th flow control device is disposed downstream to the ith temperature
regulator, and upstream of the fluid output,

the (2i)th flow control device, where is disposed downstream of the fluid input,
downstream of the ith temperature regulator, and upstream of the (i + 1)th temperature
regulator,

when1 <i <N,

the ith temperature regulator is disposed downstream of the (2i — 2)th flow
control device, upstream of the (2{ — 1)th flow control device, and upstream of the (2i)th flow
control device,

the (2i — 1)th flow control device is disposed downstream of the ith temperature
regulator, and upstream of the fluid output,

the (2i)th flow control device is disposed downstream to the fluid input,
downstream of the ith temperature regulator, and upstream of the (i + 1)th regulator;

wheni =N,

the ith temperature regulator is disposed downstream of the (2i — 2)th flow

control device, and upstream of the fluid output.

17. A method of controlling a temperature regulating system, comprising,

receiving information about an amount of a working fluid flowing into the system;
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determining a target temperature of the working fluid; and
determining an operation of the temperature regulating system to obtain the target
temperature of the working fluid, further including
when the fluid amount is less than a threshold amount, positioning a flow control
device such that at least two temperature regulators in the temperature regulating system

are in serial flow.

18. The method according of claim 17, wherein the step of receiving information about a
fluid amount further comprises
receiving information about working fluid availability; and/or

receiving information about demands of the working fluid

19. The method according to claim 18, wherein the step of receiving information about
working fluid availability comprises
receiving information about the working fluid supply; and/or

receiving information about a governmental regulation.

20. The method according to claim 18, wherein the step of receiving information about
demands of the working fluid includes

receiving information about a predictable schedule.

21. The method according to claim 17, wherein the step of determining a target temperature
comprises

receiving information about a fluid temperature at a fluid input;

receiving information about a fluid temperature at a fluid output;

receiving information about an indoor temperature; and/or

receiving information about an outdoor temperature.

22. The method according to claim 17, where in the step of determining an operation of the
temperature regulating system includes

receiving information of a working load of the temperature regulator; and/or
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regulating a cooling/heating capacity of the temperature regulators.
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