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(57) Abrege/Abstract:

A heat transfer system comprises a first fluid storage tank fluidly connectable to a first fluid circuit for heat exchange between the
first fluid circuit and a first fluid in the fluid storage tank, a first heat exchanger positioned for heat exchange with the first fluid, and a
second heat exchanger fluidly connected to the first heat exchanger via a refrigerant circuit for heat exchange with the first heat
exchanger. The refrigerant circuit includes a refrigerant compressor module and an expansion valve for circulating a refrigerant
therethrough for heat exchange between the first and second heat exchangers. A hydronic system Is also described.
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(57) Abstract: A heat transter system comprises a first tluid storage tank tfluidly connectable to a first fluid circuit for heat exchange
between the first fluid circuit and a first fluid 1n the fluid storage tank, a first heat exchanger positioned for heat exchange with the first
fluid, and a second heat exchanger fluidly connected to the first heat exchanger via a refrigerant circuit for heat exchange with the first

heat exchanger. The ref
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rigerant circuit includes a refrigerant compressor module and an expansion valve for circulating a refrigerant

therethrough for heat exchange between the first and second heat exchangers. A hydronic system is also described.
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HEAT TRANSFER AND HYDRONIC SYSTEMS

CROSS-REFERENCE

[0001] Z

- TECHNICAL FIELD

[0002] The embodiments disclosed herein relate generally to heat transfer and
hydronic systems, and particularly to heat transfer systems for heating, ventilation, and air

conditioning applications.

BACKGROUND

- [0003] Numerous heat transfer systems for providing heating, ventilation, and air

conditioning ("HVAC”) are known.

[0004] HVAC systems are often used to heat, ventilate, and air condition occupied, as
well as mechanical, spaces in various types of buildings. For example, such systems may
be implemented to serve a residential or commercial low-rise and high-rise, healthcare,

and government buildings. Examples of mechanical spaces that may be served (i.e.

~ heated and/or cooled) by such HVAC systems may include electronics rooms, such as

computer server rooms, and may include mechanical rooms, such as boiler rooms and

pumping stations.

[0005] For example, U.S. Publication No. 2011/0265502 A1 ("Maxwell”) describes a
high-efficiency heat pump that includes a frame, as well as a first circuit, a first

compressor, a condenser heat exchanger, a first electronic expansion valve, an

evaporator heat exchanger, and a controller.

[0006] In an aspect, the systems described in Maxwell may include a relatively large
number of components. Generally, the larger the number of components a system has,

the more expensive that system may be to manufacture, install, and maintain.

12090357.1 -1 -
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[0007] In another aspect, such systems may be less suitable, and possibly not suitable,
for some applications requiring such systems to satisfy some particular heating and
cooling load profiles. In one particular example, such systems may be less suitable for
serving spaces that have high heating and/or cooling loads for relatively short periods of
time, as well as relatively low heating and cooling loads for other relatively longer periods

of time.

[0008] Such heating and cooling load profiles may cause such existing systems to
experience relatively high cycling of compressors (that is, compressors switching between
operating and being shut off), for example, In order to satisfy part heating and part cooling

loads.

[0009] In an aspect, relatively higher compressor cycling may result in lower operating
efficiencies of the systems, higher electrical loads, and reduced life of the compressors. In
other aspects, relatively higher compressor cycling may result in higher operating noise
levels and tonal sound changes that may be audible to and irrtating to occupants of
spaces served by systems comprising these compressors. In yet another aspect, higher

compressor cycling may result In reduced compressor lifespans.

[0010] Various add-ons and options for refrigerant compressors, such as hot gas
bypass systems, Variable Frequency Drives for slowing down a refrigerant compressor at
part loads, and other add-ons, may be used for refrigerant compressors in existing HVAC
systems to reduce cycling of those compressors or to increase their operating efficiencies.

However, there are also drawbacks to implementing such add-ons.

[0011] For example, some add-ons may permit a refrigerant compressor in a given
existing HVAC system to run at part loads (as opposed to being locked out of operation
due to low refrigerant pressure), but may cause that compressor to run less efficiently.
Other add-ons may increase a refrigerant compressor’'s efficiency in some operating
conditions, but may add to the cost of manufacturing, implementing, maintaining, and
eventually replacing that compressor and the HVAC system in which it may be
Implemented. In yet another aspect, refrigerant compressors implemented with such add-

ons and options may nonetheless operate most efficiently at their design operating
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conditions (for example, at cooling loads that are near the nominal capacity of the

COMpressors).

[0012] Some HVAC systems have been implemented in attempts to mitigate some of
the mentioned drawbacks. However, such systems may also have drawbacks. An
example of such a system Is commonly referred to as a Variable Refrigerant Flow ("VRF")

system.

[0013] For example, U.S. Publication No. 2013/0091874 (“Sillato et al.”) describes a
VRF system having a compressor and one or a plurality of evaporators. The suction at one
or the plurality of evaporators for the input to the compressor I1Is monitored and generally
corresponds to the minimum pressure of the refrigerant. The pressure Is associated with a
temperature and is controlled to always be above the dew point temperature of the room

served by that system.

[0014] VRF systems may include indoor VRF units to air condition spaces, and outdoor
VRF units to serve the indoor VRF units. VRF systems use refrigerant tubing to connect
the indoor VRF units with the outdoor units, and require the compressor(s) of the systems
to run in order to provide heating or cooling. Where a VRF system is implemented to, for
example, air condition offices in a commercial office building, the system may Include a

relatively large amount of refrigerant piping.

[0015] In one aspect, refrigerant piping may be expensive to manufacture, purchase,
iInstall and maintain, relative to, for example, piping for water or glycol. The relatively large
costs may be associated with the fact that refrigerant systems operate at relatively large
(for example, In comparison to hydronic heating and air conditioning systems) refrigerant
pressures requiring relatively stronger construction of the refrigerant piping, which, in tum,

may result in larger manufacturing and installation costs.

[0016] For example, a typical refrigeration system may operate at about 600 pounds
per square inch (“PSI”) (about 4137 kilopascals, or “kPa”) refrigerant pressures. In
comparison, a typical water or glycol piping system may operate at, for example, 50 PSI
(about 345 kPa).
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[0017] In another aspect, In many jurisdictions Installation and testing of refrigerant

piping may require specialized technicians.

[0018] In yet another aspect, where a leak develops In refrigerant piping, the leak may
be relatively difficult and expensive to identify and repair, compared to, for example, water
or glycol leaks In water or glycol piping. In another aspect, even a relatively small
refrigerant piping leak may cause sufficient leakage of the refrigerant to render a VRF

system inoperable due to a loss of the refrigerant in a relatively short period of time.

SUMMARY

[0019] In view of the drawbacks of existing heat transfer systems, it may be desirable
{0 provide a heat transfer system that may be suitable for a plurality of applications,
including HVAC and refrigeration applications, that may overcome at least some of the

drawbacks of existing systems.

[0020] In an aspect, it may be desirable to provide a heat transfer system that may
require relatively small amounts of refrigerant piping when implemented In some
applications, such as some residential or commercial building heating and air conditioning
applications.

[0021] In another aspect, it may be desirable t0 provide a heat transfer system that
may provide for, In some applications and modes of operation, reduced cycling of
compressors. In yet another aspect, it may be desirable to provide a heat transfer system
that may provide for, in some applications and modes of operation, reduced run times of

refrigerant compressors.

[0022] |n another aspect, it may be desirable to provide a heat transfer system that
may be particularly suitable for some heat transfer applications having relatively large peak
cooling loads In combination with relatively frequent and relatively low part cooling loads,
such as part cooling loads that are about 30% of peak cooling loads. In a more particular
aspect, It may be desirable to provide a heat transfer system that may experience
relatively less frequent compressor operation when serving such part cooling loads In

some applications.
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[0023] [n a further aspect, it may be desirable to provide a heat transfer system that
may be implemented to satisfy a cooling load and a heating load simultaneously in some
applications, and may be operable to satisfy some heating loads without operating a
refrigerant compressor and instead by using an alternative heat source, such as a boller

for example.

[0024] In a more particular aspect, it may be desirable to provide a heat transfer
system for HVAC applications, such as heating ventilating and air conditioning buildings
such as low-rise and high-rise residential, commercial, healthcare, and government
puildings that may be operable to provide dehumidification of air with reheat of this air, the
reheat being provided by a non-refrigerant fluid heat exchanger.

[0025] In an aspect, the present technology provides a heat transfer system,
comprising: a refrigeration circuit including a first refrigerant conduit, a second refrigerant
conduit, a refrigerant compressor module, and an expansion valve, the first refrigerant
conduit and the second refrigerant conduit being fluidly interconnected via the refrigerant
compressor module and the expansion valve for circulating a refrigerant through the first
refrigerant conduit and the second refrigerant conduit by the refrigerant compressor
module via the expansion valve for heat exchange between the first refrigerant conduit
and the second refrigerant conduit; a first fluid storage tank fillable with a first fluid and
being fluidly connectable to a first fluid circuit for circulating the first fluid between the first
fluid circuit and the first fluid storage tank for heat exchange between the first fluid circuit
and the first fluid; a first heat exchanger that includes a first heat exchange surface and the
first refrigerant conduit, the first heat exchange surface being Iin fluid communication with
the first fluid when the heat transfer system Is In use, the first refrigerant conduit being
positioned for heat exchange with the first heat exchange surface; and a second heat
exchanger that includes a second heat exchange surface that iIs fluidly connectable to a
second fluid circuit for heat exchange with the second fluid circuit, the second heat
exchanger including the second refrigerant conduit, the second refrigerant conduit being

positioned for heat exchange with the second heat exchange surface.

[0026] [n some implementations, the first heat exchanger is disposed inside the first

fluid storage tank
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[0027] In some implementations, the heat transfer system further includes a second
fluid storage tank fillable with a second fluid ana fluidly connectable to the second fluid
circuit for circulating the second fluid between the second fluid circuit and the second fluid
storage tank for heat exchange between the second fluid circuit and the second fluid, and
the second heat exchange surface being In fluild communication with the second fluid

when the heat transfer system is in use for heat exchange with the second fluid.

[0028] In some implementations, the second heat exchanger is disposed inside the

second fluid storage tank.

[0029] In some implementations, the second heat exchanger includes a heat transfer
conduit fluidly connectable to a third fluid circuit for circulating a thira fluid between the
heat transfer conduit and the third fluid circuit for heat exchange between the heat transfer
conduit and the third fluid circuit when the heat transfer system iIs in use, the heat transfer
conduit being positioned for heat exchange with the second refrigerant conduit.

[0030] In some implementations, the heat transfer conduit Is fluidly separated from the
second fluid storage tank.

[0031] [n some implementations, the heat transfer system further includes the third fluid

circuit and the third fluid circuit includes at least one of a heat sink and a heat source.

[0032] |In some implementations, the heat transfer conduit is disposed inside the

second refrigerant conduit.

[0033] [n some implementations, the heat transfer conduit is disposed coaxially with

the second refrigerant condulit.

[0034] INn some Implementations, the heat transfer conduit iIs connected along at least a
portion of its length to the second refrigerant conduit.

[0035] [|n some implementations, the heat transfer conduit and the second refrigerant
conduit are arranged such that a portion of the heat transfer conduit and a portion of the
second refrigerant conduit are in contact with the second fluid Iin the second fluid storage

tank when the heat transfer system is in use.

[0036] [|n some implementations, the first fluid storage tank is a chilled fluid storage

tank, the second fluid storage tank i1s a heated fluid storage tank, and the refrigerant
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compressor module in combination with the expansion valve Is operable to transfer heat

from the chilled fluid storage tank to the heated fluid storage tank.

[0037] INn some Implementations, the heat transfer system further includes a base and
the refrigerant compressor module and the first fluid storage tank are disposed on the

base.

[0038] [In some implementations, the heat transfer system further includes an
enclosure and the refrigerant compressor module and the first fluid storage tank are

disposed inside the enclosure.

[0039] [n some implementations, the heat transfer system further includes a base and
the refrigerant compressor module, the first fluid storage tank, and the second fluid storage

tank are disposed on the base.

[0040] In some implementations, the heat transfer system further includes an
enclosure and the refrigerant compressor module, the first fluid storage tank, and the

second fluid storage tank are disposed inside the enclosure.

[0041] In some Implementations, the heat transfer system further includes an
expansion tank fluidly connected to the first fluid storage tank so as to absorb expansion of
a given volume of the first fluid over a given temperature rise of the first fluid when the heat

transfer system is in use.

[0042] In some implementations, the first fluid storage tank is sized to satisfy a first
cooling load served by the first fluid circuit for a first design period of time during which the
refrigerant compressor module 1s off and during which the first fluid in the first fluid storage
tank I1s within a design temperature range, by supplying the first flud in the first fluid

storage tank to the first fluid circuit.

[0043] In some implementations, the design temperature range Is a range of
temperatures between a first design temperature and a second design temperature that is
higher than the first design temperature, the refrigerant compressor module includes at
least one refrigerant compressor, and the at least one refrigerant compressor Is sized to

cool substantially all of the first fluid In the first fluid storage tank, while the first fluid circuit
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IS off, from the second design temperature to the first design temperature in a second

design period of time.

[0044] In some implementations, the first design temperature Is between 45 degrees
Fahrenheit (“F”) (7.2 degrees C) and 50F (10.0 degrees C), and the second design
temperature is between 55F (12.8 degrees C) and 60F (15.6 degrees C).

[0045] IN some Implementations, the second design period of time Is at least five

minutes.

[0046] In some implementations, the second design period of time is between five

minutes and ten minutes.

[0047] INn some Implementations, the first cooling load I1s In magnitude between 30%

and 40% of a design cooling load of the first fluid circuit.

[0048] In some implementations, the refrigerant compressor module Is sized to
continuously satisty the design cooling load at design operating conditions of the first fluid

CIrcult.

[0049] [|n some iImplementations, the first fluid storage tank is sized in a range of five to

fifteen gallons per nominal ton of cooling capacity of the refrigerant compressor module.

[0050] [n some implementations, the refrigerant compressor module includes a plurality

of refrigerant compressors.

[0051] In another aspect, the present technology provides a hydronic system,
comprising: a) a first fluid circuit, the first fluid circuit containing a first fluid and including: a
first pump operable to circulate the first fluid through the first fluid circuit, and a chilled fluid
coll operable to add heat to the first fluid when the first fluid circulates through the chilled
fluid coll; b) a first fluid storage tank peing fluidly connected to the first fluid circuit such that
the first pump circulates the first fluid through the first fluid storage tank when the first
pump operates; ¢) a first heat exchanger defining a first heat exchange surface and a first
refrigerant conduit, the first heat exchange surface pbeing Iin fluild communication with the
first fluid storage tank, the first refrigerant conduit being fluidly separated from the first fluid
circuit and the second fluid circuit, the first refrigerant conduit having a first end and a

second end; d) a second heat exchanger defining a second heat exchange surface and a
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second refrigerant conduit, the second refrigerant conduit having a first end and a second
end, the first end of the second refrigerant conduit being fluidly connected to the first end
of the first refrigerant conduit via an expansion valve, the second end of the second
refrigerant conduit being fluidly connected to the second end of the first refrigerant conduit
via a refrigerant compressor, the first and second refrigerant conduits, the expansion
valve, and the refrigerant compressor together defining a refrigerant circuit, the refrigerant
circuit containing a refrigerant, and the refrigerant compressor being operable to circulate
the refrigerant through the refrigerant circuit to transfer heat from the first refrigerant
conduit to the second refrigerant conduit, the first refrigerant conduit receiving heat from
the first heat exchange surface at least during operation of the refrigerant compressor; and
e) a second fluid circult, the second fluid circuit containing a second fluid and Including: a
second pump operable to circulate the second fluid through the second fluid circuit, and a
heated fluid coll operable to remove heat from the second fluild when the second fluid
circulates through the heated fluid coll, the second heat exchange surface of the second
heat exchanger being in fluid communication with the second fluid circuit and transferring

heat into the second fluid at least during operation of the refrigerant compressor.

[0052] [|n some implementations, the hydronic system further includes a second fluid
storage tank being fluidly connected to the second fluid circuit such that the second pump
circulates the second fluid through the second fluid storage tank when the second pump

operates, and the second heat exchange surface being In fluid communication with the

second fluid storage tank.

[0053] In some implementations, the second heat exchange surface is disposed inside

the second fluid storage tank.

[0054] [In some implementations, the hydronic system further includes a third fluid
circuit, and wherein the second heat exchanger defines first fluid conduit that is fluidly
connected to the third fluid circuit and iIs fluidly separated from the second refrigerant
conduit, the first fluid conduit receiving heat from the second refrigerant conduit at least

during operation of the refrigerant compressor.

[0055] INn some implementations, the first fluid conduit contacts the second refrigerant

conduit.
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[0056] [|n some implementations, the first fluid conduit is disposed at least in part inside

the second refrigerant condulit.

[0057] In some implementations, the first fluid conduit is at least in part coaxial with at

least a part of the second refrigerant conduit.

[0058] [In some implementations, the first heat exchanger is disposed outside of the
first fluid tank and defines a second fluid condulit, the first heat exchange surface being an
iInner surface of the second fluid conduit, and the second fluid conduit Is fluidly connected
to the first fluid tank via a third pump, the third pump being operable to circulate the first

fluid through the second fluid conduit.

[0059] In some iImplementations, the first heat exchanger is disposed inside of the first
fluid tank, and the first heat exchange surface I1s an outer surface of the first refrigerant

conduit.

[0060] Forthe purposes of this document, the term “ton” of refrigeration capacity refers
to 12,000 British thermal units per hour ("‘BTU/n™) or 3.5 kilowatts ("kVV").

[0061] For the purposes of this document, the term “peak cooling load” means the
highest instantaneous cooling load. A peak cooling load in a building will normally occur on
the hottest, sunniest, highest occupancy time of the summer. For the purposes of this
document, the term “peak heating load” means the highest instantaneous heating load. A

peak heating load in a building will normally occur on the coldest night of the year.

[0062] For the purposes of this document, the term “design load”™ means the highest
load that a system Is designed to satisfy. For example, the design cooling load for a
system cooling air in a space could be equal to the peak cooling load of that space, but is
commonly slightly below the peak cooling load and may consequently allow for a couple
degrees of loss of control of air temperature In that space on some very hot days for
example. As another example, the design heating load for a system heating air in a space
could be equal to the peak heating load of that space, but is commonly slightly below the
peak heating load and may consequently allow for a couple degrees of loss of control in
that space on some very cold days for example.

10
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[0063] For the purposes of this document, the term “gallons” refers to United States

gallons (“US gallons™).

[0064] Other aspects and features will become apparent, to those ordinarily skilled in
the art, upon review of the following description of the exemplary embodiments shown and

described in this document.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] The drawings included herewith are for illustrating various examples of articles,

methods, and apparatuses of the present specification. In the drawings:
[0066] FIG. 1is a schematic of a heat transfer system, according to a first embodiment;

[0067] FIG. 2 is a schematic of a heat transfer system, according to a second

embodiment, implemented to serve a plurality of fan coll units;

[0068] FIG. 3 i1s a schematic of a plurality of heat transfer systems, according to a third
embodiment, fluidly connected to a fluid circuit that includes a heat sink and a heat source;

[0069] FIG. 4 is a cross section of a first example embodiment of a heat exchanger of

the heat transfer system of FIG. 1, taken along reference lines 4-4 of FIG. 1;

[0070] FIG. 5is a cross section of a second example embodiment of a heat exchanger

of the heat transfer system of FIG. 1, taken along reference lines 4-4 of FIG. 1; and

[0071] FIG. 6 i1s a schematic of a heat transfer system, according to a fourth

embodiment.

DETAILED DESCRIPTION

[0072] Examples of systems, methods, and implementations are described below.

These examples are non-limiting.

[0073] Reference is made to FIG. 1, which shows a first embodiment of a heat transfer
system 100. The heat transfer system 100 comprises a first fluid storage tank 102 fillable
with a first fluid and fluidly connectable to a first fluid circuit 104 for circulating the first fluid
between the first fluid circuit 104 and the first fluid storage tank 102 for heat exchange
between the first fluid circuit 104 and the first fluid.

11
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[0074] As shown in FIG. 6 for example, the heat transfer system 100 may be
manufactured with suitable connections 612a-612b, 614a-614b, 616a-616b for connecting
the heat transfer system 100 in its various applications, as described Iin this document. For
example, fluid connections 612a and 612b may be provided as suitable fluid conduits to
make the first fluid storage tank 102 connectable to the first fluid circuit 104. In some
cases, the connections 612a-612b, 614a-614b, 616a-616b may be capped for shipping
prior to installation.

[0075] The first fluid circuit 104 is shown in FIG. 2, and shown in part in FIG. 1 for
clarity. While a particular example of the of the first fluid circuit 104 Is shown, It IS
contemplated that the first fluid circuit 104 could be a different fluid circuit. For example,
the first fluid circuit 104 could include at least one of a heat source and a heat sink. In the
present implementation, the first fluid circuit 104 includes a plurality of heat sources 204a-
204c. The heat sources In this example are chilled fluid heat exchangers 204a-204c

disposed inside fan coils 212a-212c.

[0076] In the embodiment shown in FIG. 2, the first fluid circuit 104 includes a pump
104a for circulating the first fluid through the first fluid circuit 104. In use, the first fluid
storage tank 102 is filled the first fluid at least to a level (within the tank 102) that will permit
the operation described in this document, given the particular embodiment of that tank
102. In some iImplementations, the first fluid storage tank 102 Is substantially completely
filled with the first fluid. In the present implementation, when the pump 104a of the first fluid
circuit 104 operates, it draws the first fluid from a bottom portion of the tank 102 and
returns it to a top portion of the tank 102. In the present implementation, this is provided by
corresponding pipes (see FIG. 1 for example), one of which extends to and terminates at
the bottom portion of the tank 102 and the other of which extends to and terminates at the
top portion of the tank 102. It Is contemplated that a different set of fluid connections could

be used, In other applications for example.

[0077] The first fluid i1s drawn from the first fluid storage tank 102 by the first fluid circuit
104, via the pump 104a of the first fluid circuit 104. In other words, the first fluid storage
tank 102 supplies the first fluid to the first fluid circuit 104. The first fluid then circulates

through one or more of the chilled fluid heat exchangers 204a-204c of the first fluid circuit
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104, depending on the cooling requirements of the spaces 214-218 served by the fan coils
212a-212¢ and the operation of corresponding flow controls, such as the example two-way
control valves 123a-123c, and may receive heat from those spaces 214-218 via the chilled
fluild heat exchangers 204a-204c. Thus, the chilled fluid heat exchangers 204a-204c may
be heat sources.

[0078] As shown in FIG. 1, the heat transfer system 100 further comprises a first heat
exchanger 106 having a first heat exchange surface 108 and a first refrigerant conduit 110
of a refrigerant circuit 112. The first heat exchange surface 108 Is In fluid communication
with the first fluid when the heat transfer system 100 1s In use. The first refrigerant conduit
110 Is positioned In the first heat exchanger 106 for heat exchange with the first heat

exchange surface 108.

[0079] In embodiments of FIGS. 1 to 3, the first heat exchange surface 108 is an
iInternal surface of a first fluid conduit 108 defined by and passing through the first heat
exchanger 106 and positioned for heat exchange with the first refrigerant conduit 110 of
the refrigerant circuit 112 (which first refrigerant conduit 110 also passes through and iIs
defined by the example heat exchanger 106). The first fluid in the first fluid circuit 104 may
circulate through that first fluid conduit 108 when the heat transfer system 100 Is In use, In
this example by an auxiliary pump that draws the first fluid from an upper portion of the
tank 102 and after circulation returns the fluid to a bottom portion of the tank 102 via
suitable fluid piping. Thus, In this iImplementation, the first heat exchange surface 108 is In
fluid communication with the first fluid at least when the first fluid circulates through the first
fluid conduit 108.

[0080] In the embodiments shown In FIGS. 1 to 3, the first heat exchanger 106 is
disposed outside of the first fluid storage tank 102. In other embodiments, such as the
embodiment shown in FIG. 6, the first heat exchanger 106, 602 is disposed inside the first
fluid storage tank 102. As shown in FIG. 6 for example, in embodiments where the first
heat exchanger 106 Is disposed inside the first fluid storage tank 102, the first heat
exchanger 106 may Include a refrigerant conduit 604 positioned inside the first fluid

storage tank 102 to transfer heat between refrigerant in the refrigerant circuit 112 and the
first fluid in the first fluid storage tank 102.
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[0081] In the embodiment shown in FIG. 6, the refrigerant conduit 604 includes a
plurality of refrigerant flow paths 602a-602f fluidly and in parallel connecting refrigerant
conduit 606 to refrigerant conduit 608. In other examples, the refrigerant conduit 604 may
have a single flow path. Similar to all other components of the heat transfer system 100,
the refrigerant conduit 110, 604 of the first heat exchanger 106 may be selected using
known heat transfer calculation and selection methods so as to provide for the functionality
described in this document.

[0082] [|n embodiments where the first heat exchanger 106 Is disposed inside the first
fluid storage tank 102, the first refrigerant conduit 110 of the refrigerant circuit 112 may be
the refrigerant conduit 604, and the first heat exchange surface 108, 604 may be an
external surface 604 of that refrigerant conduit 604. In some examples, such as the
embodiment of FIG. 1, the refrigerant conduit 110 may be a single tube, such as a copper
tube, fluidly connecting refrigerant conduits 606 and 608 of the refrigerant circuit 112. In
other examples, and as shown in FIG. 6, the refrigerant conduit 604 may include a plurality
of tubes 602a-602f, such as a plurality of copper tubes 602a-602f, fluidly connecting
refrigerant conduits 606 and 608 of the refrigerant circuit 112.

[0083] In embodiments where the first heat exchanger 602 is disposed inside the first
storage tank 102, the first heat exchanger 602 may include a refrigerant conduit 604 and
the first heat exchange surface 108, 604 may be an external surface 604 of that refrigerant
conduit 604. Thus, In such empbodiments the first fluid in the first storage tank 102 contacts
that external surface 604 and is thereby In fluid communication with the first fluid. The
refrigerant conduit 604 may have a single flow path in some embodiments and may have
a plurality of flow paths 602a-602f in other embodiments.

[0084] The first heat exchanger 106 may be any other suitable heat exchanger
selected using known heat exchanger selection and sizing techniques to enable the
operation of the heat transfer system 100, 200, 600 as described In this document.

[0085] As shownin FIGS. 1 to 3 and 6, the example embodiments of the heat transfer
system 100, 200, 600 also comprise a second heat exchanger 114 having a second heat
exchange surface 120 that is fluidly connectable to a second fluid circuit 118 for heat

exchange with the second fluid circuit 118 and having a second refrigerant conduit 116 of
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the refrigerant circuit 112 positioned for heat exchange with the second heat exchange
surface 120.

[0086] In a further aspect, the example heat transfer systems 100, 200, 600 further
comprise a refrigerant compressor module 122 and an expansion valve 124 fluidly
connected to the refrigerant circuit 112 for circulating a refrigerant through the refrigerant
circuit 112 for heat exchange between the first refrigerant conduit 110 and the second
refrigerant conduit 116 of the refrigerant circuit 112. The refrigerant compressor module
122 In compbination with the expansion valve 124 is operable to transfer heat between the
first refrigerant conduit 110 and the second refrigerant conduit 116, and therefore between
the first heat exchanger 106, 602 and the second heat exchanger 114 via a suitable
refrigerant in the refrigerant circuit 112. In other words, In the present implementation, the
refrigerant compressor module 122, the expansion valve 124, the first refrigerant conduit
110 and the second refrigerant conduit 116 define a refrigeration circuit. The refrigerant

circuit 112 could be any suitable refrigerant circuit.

[0087] In a further aspect, some embodiments of the heat transfer system 100, 200,
600 comprise a second fluid storage tank 126, 614 fillable with a second fluid, such as a
glycol solution, and fluidly connectable to the second fluid circuit 118 for circulating the
second fluid between the second fluid circuit 118 and the second fluid storage tank 126,
614 for heat exchange between the second fluid circuit 118 and the second fluid. Thus, as
shown In FIGS. 1 to 3 and 6, the heat transfer system 100, 200, 600 may be implemented
to transfer heat from the first fluid storage tank 102 to the second fluid storage tank 126,

and from the first fluid circuit 104 to the second fluid circuit 118.

[0088] [In some embodiments, the second heat exchange surface 120 is In fluid
communication with the second fluid when the heat transfer system 100, 200, 600 Is In use
for heat exchange with the second fluid. As shown in FIGS. 1 and 6, in some
embodiments of the heat transfer system 100, 200, 600 that comprise a second fluid
storage tank 126, 614, the second heat exchanger 114 is disposed inside the second fluid
storage tank 126, 614.

[0089] The second fluid circuit 118 may include at least one of a heat source and a

heat sink. The second fluid circuit 118 of the present implementation is shown in FIG. 2,
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and is shown In part in FIG. 1 for clarity. In this exemplary implementation, the second fluid
circuit 118 Includes a plurality of heat sinks 202a-202c. The heat sinks 202a-202c¢ in this
example are heated fluid heat exchangers 202a-202c disposed inside the fan colls 212a-
212¢C

[0090] Reference is now made to FIGS. 1, 3, 4 and 5. In an aspect, in some
embodiments of the heat transfer system 100, 200, 600, the second heat exchanger 114
Includes a heat transfer conduit 128 fluidly connectable to a third fluid circuit 130 for
circulating a third fluid between the heat transfer conduit 128 and the third fluid circuit 130
for heat exchange between the heat transfer conduit 128 and the third fluid circuit 130. The
heat transfer conduit 128 may be positioned for heat exchange with the second refrigerant

conduit 116 of the refrigerant circuit 112.

[0091] [|n some embodiments, the heat transfer conduit 128 is fluidly separated from
the second fluid storage tank 126. FIG. 4 shows a cross section of an example
embodiment of the second heat exchanger 114, taken along reference lines 4-4 of FIG. 1.
As shown in FIG. 4, in some embodiments the heat transfer conduit 128 is disposed inside

the second refrigerant conduit 116 of the refrigerant circuit 112.

[0092] [In this embodiment, the heat transfer conduit 128 is disposed coaxially with and
INside of the second refrigerant conduit 116 of the refrigerant circuit 112. In some
embodiments, the external surface of the heat transfer conduit 128 (which, In some
embodiments, Is an internal surface of the second refrigerant conduit 116) Is connected to
an external wall 402 of the second refrigerant conduit 116 of the refrigerant circuit 112 by
a plurality of heat transfer fins 404. The heat transfer fins 404 may be any suitable fins,
such as extruded copper fins. In this example, the second heat exchange surface 120 Is
an external surface 120 of an external wall 402 of the second refrigerant conduit 116 of the
refrigerant circuit 112.

[0093] [|n a further aspect, and as illustrated in FIGS. 4 and 5, iIn some embodiments,
the heat transfer conduit 128 1S connected along at least a portion of its length to the
refrigerant conduit 116. In the example of FIG. 4, the heat transfer conduit 128 is
connected along a portion of its length to the refrigerant conduit 116 via the plurality of

heat transfer fins 404.

16



10

15

20

25

30

CA 03017820 2018-09%-14

WO 2018/138698 PCT/IB2018/050336

[0094] The second heat exchanger 114 may be any suitable heat exchanger. In a
further aspect, the second heat exchanger 114 may be implemented as a heat exchanger
configured to transfer heat directly between the refrigerant circuit 112 and the second fluid
IN the second fluid tank 126, as well as directly between the refrigerant circuit 112 and the

heat transfer conduit 128.

[0095] Reference is now made to FIG. 5, which shows a cross section of another
embodiment of the second heat exchanger 114, taken along reference lines 4-4 of FIG. 1.
In this embodiment, the second refrigerant conduit 116 of the refrigerant circuit 112
INcludes a plurality of refrigerant tubes 116a-116d for carrying refrigerant in parallel. As
shown, the heat transfer conduit 128 and the second refrigerant conduit 116 may be
positioned such that a portion 502 of the heat transfer conduit 128 and a portion 504a-
504d of the second refrigerant conduit 116 may be in contact with the second fluid in the
second fluid storage tank 126. Such contact may provide for direct heat exchange

between the refrigerant circuit 112 and the second fluid.

[0096] Reference is now made to FIG. 3. Depending on the implementation of the heat
transfer system 100, 200, 600, the third fluid circuit 130 may include a heat sink. In a
further aspect, the third fluid circuit 130 may Include a heat source. In some
iImplementations, the third fluid circuit 130 may include both a heat sink and a heat source
that may be operable to selectively reject heat from and inject heat into the third fluid circuit
130, respectively, depending on, for example, heating and/or cooling loads, If any, on the
first fluid circuit 104 and the second fluid circuit 118. As shown in FIG. 3, the heat source

may Include a pboller plant 304 and the heat sink may include a cooling tower 302.

[0097] Examples of heat sources include boiler(s) 304, and geothermal ground
circuit(s) 316. Examples of heat sinks Include cooling tower(s) 302 and the geothermal
ground circuit(s) 316.

[0098] [|n the example implementation shown In FIG. 2, the first fluid storage tank 102
IS a chilled fluid storage tank 102, the second fluid storage tank 126 Is a heated fluid
storage tank 126, and the refrigerant compressor module 122 in combination with the
expansion valve 124 is operable to transfer heat from the chilled fluid storage tank 102 to
the heated fluid storage tank 126.
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[0099] Each of the first, second, and third fluids may be any fluid(s) suitable to a given
application of the heat transfer system(s) 100, 200, 600, with one example for some

applications being glycol solution.

[00100] In the example application shown in FIG. 2, the heat transfer system 100, 200,
600 Is connected to serve fan coils 212a-212c¢, so as to provide heating, cooling, and
dehumidification to spaces 214-218 served by the fan colls 212a-212c. The fan colls 212a-
212c are four-pipe fan coils implemented in an HVAC system 210 that serves the spaces
214-218. The fan colls 212a-212c are positioned to selectively heat, cool, and dehumidify
the spaces 214-218 In response 1o heating, cooling, and dehumidification loads in each of
the spaces 214-218.

[00101] The second fluid circuit 118 In this example includes a pump 104a for circulating
a second fluid through the second fluid circuit 118. In use, the second fluid storage tank
220 may be filled with the second fluid (to a level inside the second fluid storage tank 220
that is sufficient to provide for the functionality of the heat transfer system 100, 200, 600 as
described in this document). In some applications, the second fluid storage tank 220 may

be substantially completely filled with the second fluid.

[00102] The second fluid may be drawn from the second fluid storage tank 220 by the
second fluid circuit 118, via, for example, the pump 118a of the second fluid circuit 118. In
other words, the second fluid storage tank 220 may supply the second fluid to the second
fluid circuit 118. The second fluid may selectively circulate through the heated fluid heat
exchangers 202a-202c, depending on the heating and dehumidification requirements of
the spaces 214-218 served by the fan colils 212a-212c and operation of corresponding
flow controls such as the example two-way control valves 215a-215C, and may reject heat
INto the spaces 214-218 via the heated fluid heat exchangers 204a-204c. It will be
appreciated that the first 104, second 118 and third 130 fluid circuits may be any suitable
fluid circuits iImplemented using known engineering techniques and equipment.

[00103] In this example, the heat transfer system 100, 200, 600 may satisfy the
dehumidification requirements of the spaces 214-218 by making heated fluid (in this
example, the second fluid) and chilled fluid (in this example, the first fluid) available to the

fan coils 212a-212c simultaneously. When a given space 214-218 served by a
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corresponding fan colil 212a-212c calls for dehumidification of air in that space, the fan coll
212a-212¢c may operate its chilled fluid heat exchanger 204a-204c to cool air drawn by
that fan coll 212a-212c so as to dehumidify it. The fan coil 212a-212c may simultaneously
operate Its heated fluid heat exchanger 202a-202¢ to re-heat the air to a required supply
air temperature before it enters Into the space 214-218.

[00104] In an aspect, re-heated dehumidified air supplied to a space 214-218 may
provide for relatively improved comfort in that space 214-218, in comparison to a level of

comfort that may be provided where only dehumidified and not-reheated air may be
avallable for that space 214-218.

[00105] Reference is now made to FIG. 3. As shown, a plurality of the heat transfer
systems 100a-100c are implemented to serve a plurality of loads connected to a plurality
of fluid circuits 104a-104c, 118a-118c. It iIs contemplated that any other number of and/or
combination of embodiments of the heat transfer system 100, 200, 600 could be used. The
heat transfer systems 100a-100c are operable to provide heated and chilled fluids (first
and second fluids, respectively) simultaneously to the respective fluid circuits 104a-104c,
118a-118c. Where the application is an HVAC application, the fluid circuits 104a-104c,
118a-118c may include any suitable combination of HVAC equipment serving the plurality
of loads. Fluid circuits 104a-104c may be chilled fluid circuits. Fluid circuits 118a-118c may

be heated fluid circuits.

[00106] Depending on the HVAC equipment (such as four-pipe fan coils 212a-212c)
used to serve the plurality of loads, the HVAC equipment may use the simultaneous
availability of the heated and chilled fluids to provide dehumidification of air with re-heat as

described above.

[00107] In a more particular aspect, the heat transfer systems 100a-100c are operable
to make heat available by providing heated fluid to the second fluid circuits 118a-118c of
the plurality of fluid circuits 104a-104c, 118a-118c as a by-product of operating the
compressor modules 122 when chilled fluid 1s required to be supplied to the first fluid
circuits 104a-104c. During times when no chilled fluid is required, the heat transfer
systems 100a-100c are operable to provide the heated fluid via the third fluid circuit(s)

130. In turn, heat In the third fluid circuit(s) 130 may be available from, for example, a
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boiller plant 304. The third fluid circuit(s) 130 may provide heat to the second fluid storage

tanks 126a-126¢ and thereby make it available for the second fluid circuit(s) 118a-118c.

[00108] In many jurisdictions, gas (such as natural gas) may be a cheaper source of
heat than electricity. In jurisdictions where gas may be a relatively more expensive than
electricity, or where it may be unavailable, the heat transfer system(s) 100, 200, 600 may
make heat available to the second fluid circuit(s) 118 via a most convenient source of heat.

The most convenient source of heat may be connected to a third fluid circuit(s) 130.
[00109] Further implementation details are described next.

[00110] As described above, the third fluid circuit 130 may include a geothermal ground
circuit 314 that may be operable to selectively extract heat from a selected ground 316 or

reject heat into the ground 316.

[00111] In such implementations, one or more of the heat transfer systems 100a-100c¢
may include a third heat exchanger 312a, 312b, 312c. In the example shown in FIG. 3,
each of the heat transfer systems 100a-100c includes a third heat exchanger 312a, 312D,
312c, respectively. Typically, geothermal ground circuits 314 provide fluid at temperatures
below the temperature(s) that may be suitable to provide for hydronic heating without the
use of a refrigeration cycle. Thus, the third heat exchanger 312a, 312b, 312c of a given
heat transfer system 100, 200, 600 may be connected (via a suitable piping and valving
arrangement) so as to transfer heat, by operating the compressor module 122 of that heat
transfer system 100, 200, 600, from the geothermal ground circuit 314 to the second fluid
storage tank 126 of that heat transfer system 100, 200, 600 when that heat transfer
system 100, 200, 600 is in a heating mode.

[00112] In a mode of operation where the third heat exchanger 312a, 312b, 312cC Is
operating with the compressor module 122 and the refrigerant circuit 112 to transfer heat
from the geothermal ground circuit 314 to the second fluid storage tank 126, the second
fluid storage tank 126 may be fluidly i1solated, using a suitable valving arrangement, from
the third fluid circuit 130. This may be done to avoid losing heat from the second fluid

storage tank 126 into the geothermal ground circuit 314.

20



10

15

20

25

CA 03017820 2018-09%-14

WO 2018/138698 PCT/IB2018/050336

[00113] In an aspect, when the heat transfer system 100, 200, 600 is in a cooling mode,
the third heat exchanger 312a, 312b, 312c of that heat transfer system 100, 200, 600 may
be fluidly isolated (via a suitable valving arrangement) from the refrigerant circuit 112 and
from the third fluid circuit 130 and the compressor module 122 may operate to transfer
heat from the first fluid storage tank 102 to the third fluid circuit 130 and to the geothermal

ground circuit 314.

[00114] Particular examples of some embodiments of the heat transfer system 100,
200, 600 are described next.

[00115] As shown in FIG. 1 for example, the heat transfer system 100, 200, 600 may
comprise a pbase 132. The refrigerant compressor module 122 and the first fluid storage
tank 102 may be disposed on that base 132. In a further aspect, the heat transfer system
100, 200, 600 may further comprise an enclosure 208 and the refrigerant compressor
module 122 and the first fluid storage tank 102 may be disposed inside the enclosure 208.

[00116] In some of the embodiments in which the heat transfer system 100, 200, 600
INcludes the third heat exchanger 312, the third heat exchanger 312a, 312b, 312¢ may be

disposed inside the enclosure 208.

[00117] In embodiments of the heat transfer system 100, 200, 600 that comprise the
second fluid storage tank 126, 220, the refrigerant compressor module 122, the first fluid
storage tank 102 and the second fluid storage tank 126, 220 may be disposed on that
pase 132. In embodiments of the heat transfer system 100, 200, 600 that comprise the
second fluid storage tank 126, 220 and an enclosure 208, the refrigerant compressor
module 122, the first fluid storage tank 102 and the second fluid storage tank 126, 220

may be disposed inside the enclosure 208.

[00118] In a further aspect, the heat transfer system 100, 200, 600 may further comprise
a first expansion tank 134 fluidly connected to the first fluid storage tank 102 so as to
absorb expansion of a given volume of the first fluid over a given temperature rise of the
first fluid. In embodiments of the heat transfer system 100, 200, 600 comprising a second
fluid storage tank 126, the heat transfer system 100, 200, 600 may further comprise a

second expansion tank 136 fluidly connected to the second fluid storage tank 126 so as to

21



10

15

20

25

30

CA 03017820 2018-09%-14

WO 2018/138698 PCT/IB2018/050336

absorb expansion of a given volume of the second fluid over a given temperature rise of

the second fluid.

[00119] Reference is now made to FIG. 6. The heat transfer system 100, 200, 600 may
INClude expansion tank connection(s) 610a, 610b In any suitable position(s). For example,
IN embodiments of the heat transfer system 100, 200, 600 that include both the first fluid
storage tank 102 and the second fluid storage tank 126, an expansion tank connection
610a, 610b may be provided on each of the first fluid storage tank 102 and the second
fluid storage tank 126.

[00120] In some cases, the heat transfer system 100, 200, 600 may be manufactured
with caps 610a-b, 612a-612b, 614a-614b, 616a-616b provided at the various connections
of the heat transfer system 100, 200, 600 to protect the various connections until a time
when the heat transfer system 100, 200, 600 may be connected to, for example, first fluid
circuit(s) 104, second fluid circuit(s) 118, and third fluid circuit(s) 130. The time may be

when the heat transfer system 100, 200, 600 Is delivered to an installation site.

[00121] Possible sizing and selection of the heat transfer system 100, 200, 600 are

described next.

[00122] In an aspect, the first fluid storage tank 102 may be sized to satisfy a first
cooling load served by the first fluid circuit 104 for a first design period of time during which
the refrigerant compressor module 122 i1s off and during which the first fluid in the first fluid
storage tank 102 Is within a design temperature range. In this mode of operation, the first
fluid storage tank 102 may satisfy the first cooling load by supplying the first fluid in the first
fluid storage tank 102 to the first fluid circuit 104. The term supplying I1s used in the sense
of making the first fluid in the first fluid storage tank 102 available to be drawn therefrom by

the first fluid circuit 104, for example by a pump 104a of the first fluid circuit 104.

[00123] In one aspect, the first design period of time may be a given time-off of at least
one refrigerant compressor of the refrigerant compressor module 122 in embodiments
where the refrigerant compressor module 122 Includes a plurality of refrigerant
compressors, and may be a given time-off of the refrigerant compressor module 122 In
embodiments where the refrigerant compressor module 122 comprises a single refrigerant

COMPressor.
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[00124] Some models of refrigerant compressors may have a recommended time-off,
for example as specified by the manufacturer(s) of those refrigerant compressors. For
example, a given time-off may be recommended for a given refrigerant compressor to

prolong that refrigerant compressor's useful life and reduce a risk of premature failure.

[00125] In a particular embodiment, the first fluid storage tank 102 may be sized to
provide a given time-off of five minutes for each refrigerant compressor of the refrigerant
compressor module 122 in embodiments where the refrigerant compressor module 122
comprises a plurality of refrigerant compressors, and a given time-off of five minutes for
the refrigerant compressor module 122 in embodiments where the refrigerant compressor
module 122 comprises a single refrigerant compressor.

[00126] [n the example embodiments of FIGS. 1, 2 and 6, the refrigerant compressor
module 122 comprises a single refrigerant compressor 122.

[00127] In a further aspect, the design temperature range (of the first fluid in the first fluid
tank 102) may be a range of temperatures between a first design temperature and a
second design temperature. The second design temperature may be higher than the first
design temperature. A first refrigerant compressor of the refrigerant compressor module
122 may be sized to cool substantially all of the first fluid In the first fluid storage tank 102,
while the first fluid circuit 104 Is off (that is, while the first fluid Is stationary In the first fluid
circuit 104, and thus while none of the first fluid 1s being drawn from the first fluid storage
tank 102), from the second design temperature to the first design temperature in a second

design period of time.

[00128] In some implementations, the first design temperature may be between about
45 degrees Fahrenheit (“F”) (7.2 degrees C) and about 50F (10.0 degrees C). The second
design temperature may be between about 55F and about 60F. In a preferred
Implementation, the first design temperature may be about 4/F and the second design

temperature may be about 57F.

[00129] In another aspect, the second design period of time may be at least five
minutes. In some iImplementations, the second design period of time is between five and
ten minutes. In a preferred implementation, the second design period of time Is five

minutes.
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[00130] The refrigerant compressor module 122 may comprise at least one refrigerant
compressor 122. In a particular aspect, the second design period of time may be a
minimum run time of the at least one refrigerant compressor 122. The minimum run time
may be set at different values and may be selected to suit the at least one refrigerant
compressor 122 of the refrigerant compressor module 122. The second design period of
time may be adjusted by, for example, changing the size of the first fluid storage tank 102
relative to a particular nominal cooling capacity of the at least one refrigerant compressor

of the refrigerant compressor module 122.

[00131] In an aspect, a given minimum run time may be recommended by the
manufacturer of a given refrigerant compressor. The minimum run time may, for example,
Improve the useful life and reliability of that refrigerant compressor. In another aspect, a
given minimum run time may be recommended by the manufacturer to improve the

operating efficiency of that particular refrigerant compressor.

[00132] In a further aspect, the first cooling load may be In magnitude between about
30% and about 40% of a design cooling load. The refrigerant compressor module 122
may be sized to continuously satisfy the design cooling load at design operating

conditions.

[00133] [n an aspect, the heat transfer system 100, 200, 600 may be implemented with
a first fluid circuit 104 that may have a variable flow rate of the first fluid therethrough. In a
further aspect, the heat transfer system 100, 200, 600 may be implemented with a second
fluid circuit 118 that may have a variable flow rate of the second fluid therethrough. In yet a
further aspect, the heat transfer system 100, 200, 600 may be implemented with a third
flud circuit 130 that may have a variable flow rate of the second fluid therethrougnh.
Variable flows through such fluid circuits 104, 118, 130 may be provided by implementing
such circuits 104, 118, 130 with suitable variable frequency pumps 104a, 118a, and 310,
respectively.

[00134] |n another aspect, the first fluid storage tank 102 may be sized at about five to
fifteen gallons per nominal ton of refrigeration capacity of the refrigerant compressor
module 122. In a particular embodiment, the first fluid storage tank 102 may be sized at

ten gallons per nominal ton of capacity of the refrigerant compressor module 122.
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[00135] For some applications, such as HVAC applications where a first fluid circuit 104
may be designed to be implemented with at least one heat transfer system 100, 200, 600,
that first fluid circuit 104 may be sized to circulate, for example, about two gallons of the
first fluild per minute for each nominal ton of cooling capacity of the refrigerant compressor
module 122 of the at least one heat transfer system 100, 200, 600. The first fluid circuit
104 may be implemented with a variable frequency pump 104a that may substantially
match the (circulation) flow rate of the first fluid through that first fluid circuit 104 to a real-

time cooling demand of that first fluid circuit 104.

[00136] Depending on the implementation, more than one heat transfer system 100,
200, 600 may be implemented to serve a given first fluid circuit 102. In a particular
example, a given first fluid circuit 102 may be served by a single heat transfer system 100,
200, 600.

[00137] For lllustration purposes only, a design cooling load on that first fluid circuit 104
may be, for example, 12 tons of cooling, and the refrigerant compressor module 122 may
comprise a single refrigerant compressor having a matching capacity of 12 tons of cooling.
The first fluid circuit 104 may be thus sized to circulate 24 gallons per minute ("gpm™) of the
first fluid, and thus to draw 24gpm of the first fluid from the first fluid storage tank 102 when

operating at the design cooling load.

[00138] Thus, in one example, the first fluid storage tank 102 of that single heat transfer
system 100, 200, 600 may be sized to accommodate a first cooling load, the first cooling
load having a magnitude of about 4 tons of cooling (about 30% of that design cooling
load), for a first design period of time of, for example, five minutes, while the refrigerant

compressor module 122 of that heat transfer system 100, 200, 600 |s off.

[00139] The given first fluid circuit 104 may reduce flow of the first fluid therethrough to
about 8gpm, to accommodate the first cooling load (4 tons of cooling times two gallons per
minute per ton of cooling Is 8 gallons per minute). Thus, the first fluid storage tank 102
may be sized to hold about 40 gallons of the first fluid (5 minutes times 8gpm per minute).
At this size, the first fluid storage tank 102 may supply the first fluid to the given first fluid
circuit 104 for 5 minutes at 8gpm flow rate of the first fluid, and may thus satisfy the first
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cooling load for 5 minutes. Accordingly, a given time-off of that refrigerant compressor

module 122 of 5 minutes may be thereby provided for occurrences of the first cooling load.

[00140] In another aspect, for this example application, the first fluid storage tank 102
may be sized so that it may take the refrigerant compressor module 122 at least a
minimum given run time to cool substantially all of the first fluid in that first fluid storage
tank 102, while the first fluid circuit 104 s off (no circulation of the first fluid therethrough),
from a second design temperature, such as for example 5/ degrees Fahrenheit (“F”) (13.9

degrees C) to a first design temperature, such as for example 47 degrees F (8.3 degrees
C).

[00141] As described above, the refrigerant compressor module 122 may comprise a
single compressor. In other embodiments, the refrigerant compressor module 122 may
comprise a plurality of refrigerant compressors. The refrigerant compressor module 122
may comprise any suitable refrigerant compressor(s). In some implementations, the
refrigerant compressor module 122 may comprise refrigerant compressor(s) with various

capacity-varying options such as variable frequency drives.

[00142] Depending on the cooling capacity of the refrigerant compressor module 122,
and more particularly a lowest nominal cooling capacity at which the refrigerant
compressor module 122 may operate (for example, where twelve tons of cooling are
provided via two six-tons-of-cooling compressors, the lowest nominal cooling capacity of
that refrigerant compressor module 122 may be six tons of cooling provided by the
operation of one of the two refrigerant compressors), the size of the first fluid storage tank
102 required to provide a desired minimum run time of that refrigerant compressor module

122 may exceed the size required to provide the given (recommended) time-off.

[00143] In such cases, depending on the particular refrigerant compressor(s) used, and
depending on the particular system(s) served by the first fluid circuit 104, it may be
desirable to size the fluid storage tank 102 based on the larger of the two calculated sizes.
In other cases and depending on the application and the particular models of the
refrigerant compressor(s), it may be desirable to size it based on the smaller of the two

calculated sizes.
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[00144] [n a particular embodiment, the fluid storage tank 102 may be sized to hold
about ten gallons of fluid per nominal ton of capacity of the refrigerant compressor module
122. Thus, In the Illustrative example above, the fluid storage tank 102 may be sized to
hold 120 gallons of the first fluid (12 tons of capacity of the refrigerant compressor module
122 times 10 gallons per ton of capacity of the refrigerant compressor module 122).
Accordingly, in that example, the first storage tank 102 may satisfy the first cooling load for
about 15 minutes (assuming an 8gpm consumption of the first fluid to provide the example

4-ton cooling load).

[00145] Although HVAC applications of the heat transfer system 100, 200, 600 are
described in this document, the heat transfer system 100, 200, 600 may be implemented
INn a variety of different applications. One example application may be a refrigeration
application. Another example application may be a refrigeration application in combination

with an HVAC application.

[00146] The heat transfer systems 100, 200, 600 described In this document may be
useful iIn some applications requiring the provision of a chilled fluid to satisfy relatively
large design (or peak) cooling loads during certain periods of time, and requiring the
provision of the chilled fluid to satisfy relatively low part cooling loads during other periods
of time. The heat transfer systems 100, 200, 600 may also be useful for some applications
requiring the provision of a heated fluid to satisfy relatively large design (or peak) heating
loads during certain periods of time, and requiring the provision of the heated fluid to

satisfy relatively low part heating loads during other periods of time.

[00147] Some non-limiting implementations of the present technology can be

represented as presented In the following numbered clauses:

[00148] CLAUSE 1. A heat transfer system 100, 200, 600, comprising:. a first
refrigerant conduit 110, a second refrigerant conduit 116, a refrigerant compressor module
122, and an expansion valve 124, the first refrigerant conduit 110 and the second
refrigerant conduit 116 being fluidly interconnected via the refrigerant compressor module
122 and the expansion valve 124 for circulating a refrigerant through the first refrigerant
conduit 110 and the second refrigerant conduit 116 by the refrigerant compressor module

122 via the expansion valve 124 for heat exchange between the first refrigerant conduit
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110 and the second refrigerant conduit 116, a first fluid storage tank 102 fillable with a first
fluid, such as a glycol solution, and being fluidly connectable to a first fluid circuit 104 for
circulating the first fluid between the first fluid circuit 104 and the first fluid storage tank 102
for heat exchange between the first fluid circuit 104 and the first fluid; a first heat
exchanger 106 that includes a first heat exchange surface 108 and the first refrigerant
conduit 110, the first heat exchange surface 108 being in fluid communication with the first
fluid when the heat transfer system 100, 200, 600 is in use, the first refrigerant conduit 110
being positioned for heat exchange with the first heat exchange surface 108; and a second
heat exchanger 114 that includes a second heat exchange surface 120 that is fluidly
connectable to a second fluid circuit 118 for heat exchange with the second fluid circuit
118, the second heat exchanger 114 including the second refrigerant conduit 116, the
second refrigerant conduit 116 being positioned for heat exchange with the second heat

exchange surface 120.

[00149] CLAUSE 2. The heat transfer system 100, 200, 600 of clause 1, wherein the

first heat exchanger 106 Is disposed inside the first fluid storage tank 102.

[00150] CLAUSE 3. The heat transfer system 100, 200, 600 of any one of clauses 1 and
2, further comprising a second fluid storage tank 126 fillable with a second fluid and fluidly
connectable to the second fluid circuit 118 for circulating the second fluid between the
second fluid circuit 118 and the second fluid storage tank 126 for heat exchange between
the second fluid circuit 118 and the second fluid, and the second heat exchange surface
120 being In fluid communication with the second fluid when the heat transfer system 100,

200, 600 Is In use for heat exchange with the second fluid.

[00151] CLAUSE 4. The heat transfer system 100, 200, 600 of clause 3, wherein the
second heat exchanger 114 is disposed Iinside the second fluid storage tank 126.

[00152] CLAUSE 5. The heat transfer system 100, 200, 600 of any one of clauses 3 and
4. wherein the second heat exchanger 114 includes a heat transfer conduit 128 fluidly
connectable to a third fluid circuit 130 for circulating a third fluid between the heat transfer

conduit 128 and the third fluid circuit 130 for heat exchange between the heat transfer
conduit 128 and the third fluid circuit 130 when the heat transfer system 100, 200, 600 is In
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use, the heat transfer conduit 128 being positioned for heat exchange with the second

refrigerant conduit 116.

[00153] CLAUSE 6. The heat transfer system 100, 200, 600 of clause 5, wherein the

heat transfer conduit 128 is fluidly separated from the second fluid storage tank 126.

[00154] CLAUSE 7. The heat transfer system 100, 200, 600 of any one of clauses 5 and
6, further comprising the third fluid circuit 130 and wherein the third fluid circuit 130
INCludes at least one of a heat sink 202a-202c, 302, 316 and a heat source 204a-204c,
304, 316.

[00155] CLAUSE 8. The heat transfer system 100, 200, 600 of any one of clauses 5 to
7/, wherein the heat transfer conduit 128 is disposed inside the second refrigerant conduit
116.

[00156] CLAUSE 9. The heat transfer system 100, 200, 600 of clause 8, wherein the
heat transfer conduit 128 Is disposed coaxially with the second refrigerant conduit 116.

[00157] CLAUSE 10. The heat transfer system 100, 200, 600 of any one of clauses 5 to
/, wherein the heat transfer conduit 128 i1s connected along at least a portion of its length

to the second refrigerant conduit 116.

[00158] CLAUSE 11. The heat transfer system 100, 200, 600 of clause 10, wherein the
heat transfer conduit 128 and the second refrigerant conduit 116 are arranged such that a
portion of the heat transfer conduit 128 and a portion of the second refrigerant conduit 116
are In contact with the second fluid in the second fluid storage tank 126 when the heat

transfer system 100, 200, 600 I1s In use.

[00159] CLAUSE 12. The heat transfer system 100, 200, 600 of any one of clauses 3 to
11, wherein the first fluid storage tank 102 is a chilled fluid storage tank, the second fluid
storage tank 126 I1s a heated fluid storage tank 102, and the refrigerant compressor

module 122 In combination with the expansion valve 124 is operable to transfer heat from
the chilled fluid storage tank 102 to the heated fluid storage tank 102.

[00160] CLAUSE 13. The heat transfer system 100, 200, 600 of any one of clauses 1 to
12, further comprising a base 132 and wherein the refrigerant compressor module 122 and

the first fluid storage tank 102 are disposed on the base 132.
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[00161] CLAUSE 14. The heat transfer system 100, 200, 600 of clause 13, further
comprising an enclosure 208 and wherein the refrigerant compressor module 122 and the

first fluid storage tank 102 are disposed inside the enclosure 208.

[00162] CLAUSE 15. The heat transfer system 100, 200, 600 of any one of clauses 3 to
12, further comprising a base 132 and wherein the refrigerant compressor module 122, the

first fluid storage tank 102, and the second fluid storage tank 126 are disposed on the
base 132.

[00163] CLAUSE 16. The heat transfer system 100, 200, 600 of clause 15, further
comprising an enclosure 208 and wherein the refrigerant compressor module 122, the first
fluid storage tank 102, and the second fluid storage tank 126 are disposed Inside the

enclosure 208.

[00164] CLAUSE 17. The heat transfer system 100, 200, 600 of any one of clauses 3 to
16, further comprising an expansion tank 134 fluidly connected to the first fluid storage
tank 102 so as to absorb expansion of a given volume of the first fluild over a given
temperature rise of the first fluid when the heat transfer system 100, 200, 600 IS In use.

[00165] CLAUSE 18. The heat transfer system 100, 200, 600 of any one of clauses 1 to
17, wherein the first fluid storage tank 102 is sized to satisfy a first cooling load served by
the first fluid circuit 104 for a first design period of time during which the refrigerant
compressor module 122 1s off and during which the first fluid in the first fluid storage tank

102 1s within a design temperature range, by supplying the first fluid in the first fluid storage
tank 102 to the first fluid circuit 104.

[00166] CLAUSE 19. The heat transfer system 100, 200, 600 of clause 18, wherein the
design temperature range is a range of temperatures between a first design temperature
and a second design temperature that i1s higher than the first design temperature, the
refrigerant compressor module 122 includes at least one refrigerant compressor 122, and
the at least one refrigerant compressor 122 is sized to cool substantially all of the first fluid
In the first fluid storage tank 102, while the first fluid circuit 104 i1s off, from the second

design temperature to the first design temperature in a second design period of time.
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[00167] CLAUSE 20. The heat transfer system 100, 200, 600 of clause 19, wherein the
first design temperature is between 45 degrees Fahrenheit (“F”) (7.2 degrees C) and 50F

(10.0 degrees C), and the second design temperature Is between 55F and 60F.

[00168] CLAUSE 21. The heat transfer system 100, 200, 600 of any one of clause 19

and 20, wherein the second design period of time Is at least five minutes.

[00169] CLAUSE 22. The heat transfer system 100, 200, 600 of any one of clauses 18
to 21, wherein the first cooling load 1s In magnitude between 30% and 40% of a design

cooling load of the first fluid circuit 104.

[00170] CLAUSE 23. The heat transfer system 100, 200, 600 of clause 22, wherein the
refrigerant compressor module 122 is sized to continuously satisfy the design cooling load

at design operating conditions of the first fluid circuit 104.

[00171] CLAUSE 24. The heat transfer system 100, 200, 600 of any one of clauses 1 to
23, wherein the first fluid storage tank 102 is sized in a range of five to fifteen gallons per

nominal ton of cooling capacity of the refrigerant compressor module 122.

[00172] CLAUSE 25. The heat transfer system 100, 200, 600 of any one of clauses 1 to
24, wherein the refrigerant compressor module 122 comprises a plurality of refrigerant

COMpPressors.

[00173] CLAUSE 26. The heat transfer system 100, 200, 600 of any one of clauses 19
and 20, wherein the second design period of time is between five minutes and ten

minutes.

[00174] CLAUSE 27. A hydronic system 201, comprising: a) a first fluid circuit 104, the
first fluid circuit 104 containing a first fluid and Including: a first pump 104a operable to
circulate the first fluid through the first fluid circuit 104, and a chilled fluid coil 204a
operable to add heat to the first fluid when the first fluid circulates through the chilled fluid
coll 204a; b) a first fluid storage tank 102 being fluidly connected to the first fluid circuit 104
such that the first pump 104a circulates the first fluid through the first fluid storage tank 102
when the first pump 104a operates; c) a first heat exchanger 106 defining a first heat
exchange surface 108 and a first refrigerant conduit 110, the first heat exchange surface

108 being In fluid communication with the first fluid storage tank 102, the first refrigerant
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conduit 110 being fluidly separated from the first fluid circuit 104 and the second fluid
circuit 118, the first refrigerant conduit 110 having a first end and a second end; d) a
second heat exchanger 114 defining a second heat exchange surface 120 and a second
refrigerant conduit 118, the second refrigerant conduit 118 having a first end and a second
end, the first end of the second refrigerant conduit 118 being fluidly connected to the first
end of the first refrigerant conduit 110 via an expansion valve 124, the second end of the
second refrigerant conduit 118 being fluidly connected to the second end of the first
refrigerant conduit 110 via a refrigerant compressor 122, the first and second refrigerant
conduits 110, 118, the expansion valve 114, and the refrigerant compressor 122 together
defining a refrigerant circuit 112, the refrigerant circuit 112 containing a refrigerant, and the
refrigerant compressor 122 being operable to circulate the refrigerant through the
refrigerant circuit 112 to transfer heat from the first refrigerant conduit 110 to the second
refrigerant conduit 118, the first refrigerant conduit 110 receiving heat from the first heat
exchange surface 108 at least during operation of the refrigerant compressor 122; and €)
a second fluid circuit 118, the second fluid circuit 118 containing a second fluid and
INcluding: a second pump 118a operable to circulate the second fluid through the second
fluid circuit 118, and a heated fluid coil 202a operable to remove heat from the second fluid
when the second fluid circulates through the heated fluid coll 202a, the second heat
exchange surface 120 of the second heat exchanger 114 being In fluild communication
with the second fluid circuit 118 and transferring heat into the second fluid at least during

operation of the refrigerant compressor 122.

[00175] CLAUSE 28. The hydronic system of clause 27, further comprising a second
fluid storage tank 126 being fluidly connected to the second fluid circuit 118 such that the
second pump 118a circulates the second fluid through the second fluid storage tank 126
when the second pump 118a operates, and the second heat exchange surface 120 being

IN fluid communication with the second fluid storage tank 126.

[00176] CLAUSE 29. The hydronic system of clause 28, wherein the second heat

exchange surface 120 Is disposed Inside the second fluid storage tank 126.

[00177] CLAUSE 30. The hydronic system of clause 29, further comprising a third fluid

circuit 130, and wherein the second heat exchanger 114 defines first fluid conduit 128 that
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IS fluidly connected to the third fluid circuit 130 and is fluidly separated from the second
refrigerant conduit 118, the first fluid conduit 128 receiving heat from the second

refrigerant conduit 118 at least during operation of the refrigerant compressor 122.

[00178] CLAUSE 31. The hydronic system of clause 30, wherein the first fluid conduit

128 contacts the second refrigerant conduit 118.

[00179] CLAUSE 32. The hydronic system of clause 30 or 31, wherein the first fluid

conduit 128 is disposed at least In part inside the second refrigerant conduit 118.

[00180] CLAUSE 33. The hydronic system of clause 32, wherein the first fluid conduit

128 Is at least In part coaxial with at least a part of the second refrigerant conduit 118.

[00181] CLAUSE 34. The hydronic system of any one of clauses 27 to 33, wherein: the
first heat exchanger 106 is disposed outside of the first fluid tank 102 and defines a
second fluid conduit 108, the first heat exchange surface 108 being an inner surface of the
second fluid conduit 108, and the second fluid conduit 108 is fluidly connected to the first

fluid tank 102 via a third pump 121, the third pump 121 being operable to circulate the first
fluid through the second fluid conduit 108.

[00182] CLAUSE 35. The hydronic system of any one of clauses 27 to 33, wherein: the
first heat exchanger 602 is disposed inside of the first fluid tank 102, and the first heat

exchange surface 604 is an outer surface of the first refrigerant conduit 604.

[00183] The various implementations and applications of the heat transfer system(s)
100, 200, 600 described in this document may be implemented using any piping, valving,
pumping, and controls arrangement(s) (which could include known mechanical and/or
electrical controls components for example) suitable for each particular implementation,
application, and embodiment(s) of the heat transfer system(s) 100, 200, 600. The various
embodiments and applications of the example systems and methods described In this
document may be implemented using any suitable combination of known materials and
electronic controls equipment, including known sensors and electronic controllers. Further,
the various embodiments and applications of the example systems and methods
described In this document may be implemented using any suitable known manufacturing,
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assembly, wiring, and programming methods, as applicable to each particular

Implementation and application.

[00184] While particular examples are described above, it will be appreciated that other
embodiments, implementations, applications, and methods may be within the scope of the

disclosure.
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CLAIMS:
1. A heat transfer system, comprising:

a refrigeration circuit including a first refrigerant conduit, a second refrigerant

conduit, a refrigerant compressor module, and an expansion valve,

5 the first refrigerant conduit and the second refrigerant conduit being fluidly
interconnected via the refrigerant compressor module and the expansion
valve for circulating a refrigerant through the first refrigerant conduit and
the second refrigerant conduit by the refrigerant compressor module via

the expansion valve for heat exchange between the first refrigerant

10 | conduit and the second refrigerant conduit;

a first fluid storage tank fillable with a first fluid and being fluidly connectable to a
first fluid circuit for circulating the first fluid between the first fluid circuit and the

first fluid storage tank for heat exchange between the first fluid circuit and the first
fluid:

15 a first heat exchanger that includes a first heat exchange surface and the first
- refrigerant conduit, the first heat exchange surface being in fluid communication
with the first fluid when the heat transfer system is in use, the first refrigerant

conduit being positioned for heat exchange with the first heat exchange surface;

and

20 a second heat exchanger that includes a second heat exchange surface that is
fluidly connectable to a second fluid circuit for heat exchange with the second
fluid circuit, the second heat exchanger including the second refrigerant conduit,
the second refrigerant conduit being positioned for heat exchange with the

second heat exchange surface.

25 2. The heat transfer system of claim 1, wherein the first heat exchanger is disposed

inside the first fluid storage tank.
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3. The heat transfer system of claim 1 or 2, further comprising a second fluid storage

tank fillable with a second fluid and fluidly connectable to the second fluid circuit for
circulating the second fluid between the second fluid circuit and the second fluid storage
tank for heat exchange between the second fluid circuit and the second fluid, and the
second heat exchange surface being in fluid communication with the second fluid when

the heat transfer system is in use for heat exchange with the second fluid.

4. The heat transfer system of claim 3, wherein the second heat exchanger is disposed

inside the second fluid storage tank.

5. The heat transfer system of claim 3 or 4, wherein the second heat exchanger

- includes a heat transfer conduit fluidly connectable to a third fluid circuit for circulating a

third fluid between the heat transfer conduit and the third fluid circuit for heat exchange

between the heat transfer conduit and the third fluid circuit when the heat transfer

- system is in use, the heat transfer conduit being positioned for heat exchange with the

second refrigerant conduit.

6. The heat transfer system of claim 5, wherein the heat transfer conduit is fluidly

separated from the second fluid storage tank.

7. The heat transfer system of claim 5 or 6, further comprising the third fluid circuit and

wherein the third fluid circuit includes at least one of a heat sink and a heat source.

8. The heat transfer system of any one of claims 5 to 7, wherein the heat transfer

conduit is disposed inside the second refrigerant conduit.

9. The heat transfer system of claim 8, wherein the heat transfer conduit is disposed
coaxially with the second refrigerant conduit.

10. The heat transfer system of any one of claims 5 to 7, wherein the heat transfer
conduit is connected along at least a portion of its length to the second refrigerant

conduit.

- 11. The heat transfer system of claim 10, wherein the heat transfer conduit and the

- second refrigerant conduit are arranged such that a portion of the heat transfer conduit
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and a portion of the second refrigerant conduit are in contact with the second fluid in the

second fluid storage tank when the heat transter system is in use.

12. The heat trénsfer system of any one of claims 3 to 11, wherein the first fluid storage
tank is a chilled fluid storage tank, the second fluid storage tank is a heated fluid storage
tank, and the refrigerant compressor module in combination with the expansion valve is
operable to transfer heat from the chilled fluid storage tank to the heated fluid storage

tank.

13. The heat transfer system of any one of claims 1 to 12, further comprising a base
and wherein the refrigerant compressor moduie and the first fluid storage tank are

disposed on the base.

14. The heat transfer system of claim 13, further comprising an enclosure and wherein
the refrigerant compressor module and the first fluid storage tank are disposed inside

the enclosure.

15. The heat transfer system of any one of claims 3 to 12, further comprising a base
and wherein the refrigerant compressor module, the first fluid storage tank, and the

second fluid storage tank are disposed on the base.

16. The heat transfer system of claim 15, further comprising an enclosure and wherein
the refrigerant compressor module, the first fluid storage tank, and the second fluid

storage tank are disposed inside the enclosure.

17. The heat transfer system of any one of claims 3 to 12, 15 and 16, further comprising
an expansion tank fluidly connected to the first fluid storage tank so as to absorb
expansion of a given volume of the first fluid over a given temperature rise of the first

fluid when the heat transfer system is in use.

18. The heat transfer system of any one of claims 1 to 17, wherein the first fluid storage
tank is sized to satisfy a first non-zero cooling load served by the first fluid circuit for a
first design period of time during which the refrigerant compressor module is off and
during which the first fluid in the first fluid storage tank is within a design temperature
range, by supplying the first fluid in the first fluid storage tank to the first fluid circuit.
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19. The heat transfer system of claim 18, wherein the design temperature range is a

range of temperatures between a first design temperature and a second design

temperature that is higher than the first design temperature, the refrigerant compressor
module includes at least one refrigerant compressor, and the at least one refrigerant
compressor is sized to cool the first fluid in the first fluid storage tank, while the first fluid
circuit is off, from the second design temperature to the first design temperature in a

second design period of time.

20. The heat transfer system of claim 19, wherein the first design temperature is
between 45 degrees Fahrenheit (“F”) (7.2 degrees Celcius (“C")) and 50F (10.0 degrees
C), and the second design temperature is between 55F (12.8 degrees C) and 60F (15.6
degrees C).

21. The heat transfer system of claim 19 or 20, wherein the second design period of

time is at least five minutes.

22. The heat transfer system of any one of claims 18 to 21, wherein the first cooling
load is in magnitude between 30% and 40% of a design cooling load of the first fluid

circuit.

23. The heat transfer system of claim 22, wherein the refrigerant compressor module is
sized to continuously satisfy the design cooling load at design operating conditions of

the first fluid circuit.

24. The heat transfer system of any one of claims 1 to 23, wherein the first fluid storage
tank is sized in a range of five to fifteen gallons per nominal ton of cooling capacity of

the refrigerant compressor module.

25. The heat transfer system of any one of claims 1 to 24, wherein the refrigerant

compressor module comprises a plurality of refrigerant compressors.

26. The heat transfer system of claim 19 or 20, wherein the second design period of

time is between five minutes and ten minutes.
27. A hydronic system, comprising:

a) a first fluid circuit, the first fluid circuit containing a first fluid and including:
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- a first pump operable to circulate the first fluid through the first fluid

circuit, and

- a chilled tluid coil operable to add heat to the first fluid when the first fluid

circulates through the chilled fluid coil;

b) a first fluid storage tank being fluidly connected to the first fluid circuit such that

the first pump circulates the first fluid through the first fluid storage tank when the

first pump operates;

c) a first heat exchanger defining a first heat exchange surface and a first

refrigerant conduit, the first heat exchange surface being in fluid communication

with the first fluid storage tank, the first refrigerant conduit being fluidly separated

from the first fluid circuit and the second fluid circuit, the first refrigerant conduit

having a first end and a second end;

d) a second heat exchanger defining a second heat exchange surface and a

second refrigerant conduit, the second refrigerant conduit having a first end and

a second end,

11855191.1

- the first end of the second refrigerant conduit being fluidly connected to

the first end of the first refrigerant conduit via an expansion valve,

- the second end of the second refrigerant conduit being fluidly connected
to the second end of the first refrigerant conduit via a refrigerant

compressor,

- the first and second refrigerant conduits, the expansion valve, and the

refrigerant compressor together defining a refrigerant circuit,
- the refrigerant circuit containing a refrigerant, and

- the refrigerant compressor being operable to circulate the refrigerant
through the refrigerant circuit to transfer heat from the first refrigerant
conduit to the second refrigerant conduit, the first refrigerant conduit
receiving heat from the first heat exchange surface at least during

operation of the refrigerant compressor; and
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e) a second fluid circuit, the second fluid circuit containing a second fluid and

iIncluding:

- a second pump operable to circulate the second fluid through the second

fluid circuit, and

- a heated fluid coil operable to remove heat from the second fluid when
the second fluid circulates through the heated fluid coil, the second heat
exchange surface of the second heat exchanger being in fluid
communication with the second fluid circuit and transferring heat into the

second fluid at least during operation of the refrigerant compressor.

28. The hydronic system of claim 27, further comprising a second fluid storage tank
being fluidly connected to the second fluid circuit such that the second pump circulates
the second fluid through the second fluid storage tank when the second pump operates,

and the second heat exchange surface being in fluid communication with the second

fluid storage tank.

29. The hydronic system of claim 28, wherein the second heat exchange surface is

disposed inside the second fluid storage tank.

30. The hydronic system of claim 29, further comprising a third fluid circuit, and wherein
the second heat exchanger defines first fluid conduit that is fluidly connected to the third
fluid circuit and is fluidly separated from the second refrigerant conduit, the first fluid
conduit receiving heat from the seéond refrigerant conduit at least during operation of

the refrigerant compressor.

31. The hydronic system of claim 30, wherein the first fluid conduit contacts the second

refrigerant conduit.

32. The hydronic system of claim 30 or 31, wherein the first fluid conduit is disposed at

least In part inside the second refrigerant conduit.

33. The hydronic system of claim 32, wherein the first fluid conduit is at least in part
coaxial with at least a part of the second refrigerant conduit.

34. The hydronic system of any one of claims 27 to 33, wherein:
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- the first heat exchanger is disposed outside of the first fluid tank and defines a

second fluid conduit, the first heat exchange surface being an inner surface of

the second fluid conduit, and

- the second fluid conduit is fluidly connected to the first fluid tank via a third
pump, the third pump being operable to circulate the first fluid through the second

fluid conduit.
35. The hydronic system of any one of claims 27 to 33, wherein:
- the first heat exchanger is disposed inside of the first fluid tank, and

- the first heat exchange surface is an outer surface of the first refrigerant

conduit.

11855191.1 _41-
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