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(57) Abstract: In a multi-circuit heat pump system least one of the circuits has a reheat function. Various reheat concepts may be
& independently utilized for each circuit to reheat and dehumidify air. Moreover, the ability to bypass refrigerant around the outdoor
heat exchanger may also be provided. Communication means between the circuits may be present to re-optimize the refrigerant
charge and to provide better control over system operational parameters. The above mentioned control functions and design features
assure system flexibility in satisfying a wide spectrum of market requirements and potential applications by operation in a variety of
cooling, heating and dehumidification regimes and a combination of thereof.
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MULTI-CIRCUIT DEHUMIDIFICATION HEAT PUMP SYSTEM

BACKGROUND OF THE INVENTION

[0001] This application relates to multi-circuit heat pump systems that are capable
of operating in both cooling and heating modes. Further, these systems are provided with the
circuits that have the ability to independently operate in various regimes in order to satisfy a
wide spectrum of sensible and latent capacity demands. Typically, these systems have a
reheat coil(s), incorporated into the system design to provide a rebeat function, and additional
control means capable of alternating between operational regimes independently for each
circuit in response to environmental conditions and load demands.

[0002] Refrigerant systems are utilized to control the temperature and humidity of
air in various environments to be conditioned. One type of a refrigerant system is a heat
pump that can operate in a cooling mode or heating mode. Typically, in a cooling mode, a
refrigerant is compressed in a compressor and delivered to an outdoor heat exchanger. In the
outdoor heat exchanger, heat is exchanged between outside ambient air and the refrigerant.
From the outdoor heat exchanger, the refrigerant passes to an expansion device in which the
refrigerant is expanded to a lower pressure and temperature, and then to an indoor heat
exchanger. In the indoor heat exchanger, heat is exchanged between the refrigerant and the
indoor air, to condition the indoor air. When the cooling mode is in operation, an'indoor heat
exchanger cools the air that is being supplied to the indoor environment. In addition, as the
temperature of the indoor air is lowered, moisture usually is also taken out of the air. In this

manner, the humidity level of the indoor air can also be controlled.
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[0003] In the heating mode, the refrigerant flow through the system is essentially
reversed. The indoor heat exchanger becomes the condenser and releases heat into the
environment to be conditioned (heated in this case) and the outdoor heat exchanger becomes
the evaporator and exchanges heat with a relatively cold outdoor air. Heat pumps are known
as the systems that can reverse the refrigerant flow through the refrigerant cycle in order to
operate in both heating and cooling modes. This is usually achieved by incorporating a four-
way valve or an equivalent device into the system schematic downstream of the compressor
discharge port. The four-way valve selectively directs the discharge refrigerant flow through
the indoor or outdoor heat exchanger when the system is in the heating or cooling mode of
operation respectively. Furthermore, if the expansion device is not capable of handling the
reversing flow, then, for example, a pair of unidirectional expansion devices, each along with
the corresponding check valve, is to be employed instead.

[0004] In some cases, the temperature level, to which the air is brought to provide
comfort environment in the conditioned space, may need to be higher than the temperature
that would provide the ideal humidity level. Such corresponding levels of temperature and
humidity may vary from one application to another and are highly dependent on
environmental and operating conditions. This has presented design challenges to refrigerant
cycle designers. One way to address such challenges is to utilize reheat coils. In many cases,
the reheat coils, placed in the path of the indoor air stream behind the indoor heat exchanger,
are employed for the purpose of reheating the air supplied to the conditioned space after it has
been overcooled in the indoor heat exchanger for moisture removal.

[0005]  Multi-circuit refrigerant systems are also applied in the industry, wherein

several independent circuits operate under a single control to provide various levels of
2
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sensible and latent capacity in response to the external load demands and wherein each circuit
can independently function in one of several operational regimes.

[0006] A further option available to a refrigerant system designer is to integrate a
reheat coil(s) in the schematics for at least one of the refrigerant circuits of a multi-circuit
system. As mentioned above, in a reheat coil, at least a portion of the refrigerant upstream of
the expansion device is passed through a reheat heat exchanger and then is returned back to
the main circuit, and at least a portion of the conditioned air having passed over the indoor
heat exchanger is then passed over this reheat heat exchanger to be reheated to a desired
temperature.

[0007] However, multi-circuit heat pump systems have not been provided with

the reheat function.

SUMMARY OF THE INVENTION

[0008] In disclosed embodiments of this invention, a multi-circuit heat pump
system incorporates at least two circuits, and at least one of those circuits has a reheat coil in
a reheat branch of the circuit. The provision of the reheat coil allows dehumidification to a
greater extent than would otherwise be dictated by achieving a desired temperature level.

[0009] These multiple circuits can be inter-related in some manner, such that they
can interact or communicate refrigerant between the circuits in response to environmental
conditions, unit operating parameters, external sensible and latent load demands, and the

mode of operation of each circuit.
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[0010] In further features, the heat pump could be provided with the ability to
bypass refrigerant around at least one of the outdoor heat exchangers. This function can be
integrated into the control for the reheat branch operation.

[0011] It should be noted that this invention is not referenced to any particular
reheat concept but rather provides advantages for any heat pump system designed for
dehumidification, cooling and heating through the integrated reheat function, interaction
between the circuits and enhanced control logic.

[0012] These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1 shows a first embodiment.

[0014] Figure 2 shows a second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0015] Figure 1 shows a multi-circuit heat pump system 100. As shown, there is a
pair of circuits 10. Of course, other number of circuits would be within the scope of this
invention. Each circuit 10 includes a compressor 12 delivering refrigerant to a discharge line
14. A suction line 16 returns refrigerant to the compressor 12. A four-way valve 18
selectively routes refrigerant from the line 14 to either an outdoor heat exchanger 20 in the
cooling (or air conditioning) mode of operation, or to an indoor heat exchanger 24 in the
heating (or heat pump) mode of operation. In the cooling mode, a four-way valve 18 routes

the refrigerant to an outdoor heat exchanger 20, then to a main expansion device 22, and then
4
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to an indoor heat exchanger 24, from where it is returned through the four-way valve 18 and
suction line 16 back to the compressor 12. In the heating mode, a direction of the refrigerant
flow through the system is essentially reversed, and the refrigerant flows from the compressor
12, through the four-way valve 18, through the indoor heat exchanger 24, main expansion
device 22, to the outdoor heat exchanger 20, and then again through the four-way valve 18
and through the suction line 16 back to the compressor 12. This general operation is as
known in the art. As can be seen in the Figure 1, the four-way valve 18 is controlled to either
achieve cooling or heating mode of operation. Furthermore, as was mentioned earlier, if the
expansion device cannot handle the reversing flow, then, as one of the potential solutions, a
pair of unidirectional expansion devices, with the corresponding check valves, is to be
employed instead. Also, as shown in the Figure 1, at least one of the two circuits 10, is
provided with a reheat function provided by a reheat coil 104. A three-way valve 102 (or
any equivalent device, such as a pair of conventional valves) is operable by the control for the
heat pump system 100, and seiectively delivers refrigerant through the coil 104 when the
reheat function is desired. As is shown, the reheat coil 104 is positioned to be in a path of air
delivered by an air‘moving device 105, and after having this air passed over the indoor heat
exchanger 24. Refrigerant having passed through the reheat coil returns through a line 106
and a check valve 108 back to the main circuit 10 at a point 110.

[0016] As is known, the reheat coil is operated when dehumidification is desired
and, in many cases, when the air needs to be reheated after leaving indoor heat exchanger 24
to improve the occupant’s comfort. At least a portion of that air then passes over the reheat

coil 104 where its temperature rises.
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[0017] The present invention provides several distinct modes of operation
independently for each circuit, increasing overall system operational flexibility in satisfying
external latent and sensible load demands, as would be apparent. Also, each circuit 10 can be
operated while the other is shut down. The circuit 10 having the reheat branch and reheat coil
104 can be operated in multiple dehumidification modes as well (depending on the reheat
branch design and configuration). Further, both circuits can be operated together, each in any
of practical cooling, heating or dehumidification regimes and with or without the reheat
function being provided, covering a wide spectrum of applications.

[0018] An optional connection line 112 includes a flow control device 116 and
may selectively provide communication of refrigerant between the circuits 10.

[0019] Communicating lines 112 and a flow control device 116 manage
refrigerant transfer between the circuits in response to the changing modes of operation and
environmental conditions. As an example, if one of the two circuits has a reheat coil,
utilizing for instance the discharge refrigerant vapor for the reheat function, and the other one
doesn’t, and both circuits operate in a cooling mode, over time some refrigerant in the first
circuit will migrate to the reheat coil (since no insulation means for the reheat branch are
perfect). This may cause undercharge conditions in the first circuit. To remedy the situation
and to re-optimize the refrigerant charge, valve 116 is opened for a determined period of time
to transfer some of the refrigerant from the second circuit to the first circuit. During this
transfer, essential system parameters, such as discharge and suction pressures and
temperatures, may be monitored to determine the amount of time for valve 116 to be open.
Also, it should be assured that the connection point in the second circuit is at a higher

pressure than in the first circuit to maintain positive pressure difference during the refrigerant
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transfer. This can be achieved by a number of means, including (but not limited to) execution
of the head pressure control; temporary shutdown of the first circuit; or having connection
points at various system locations, such as at a high and low pressure side of the system for
the second and first circuits respectively. A person ordinarily skilled in the art will recognize
a number of conditions at which the system 100 benefits from opening valve 116 and
transferring refrigerant from one circuit to the other.

[0020] As before, an overall number of circuits as well as a number of circuits
incorporating reheat coils in the multi-circuit heat pump system can be extended to more than
two. Additionally, the number of interconnection points and their locations for each circuit
may vary with the system design configuration and application requirements or such
interconnection maybe not needed at all for some circuits or certain applications. Once again,
various reheat concepts can be utilized and benefit from this invention. Also, each three-way
valve can be substituted with a pair of conventional valves, if desired. Various other benefits
of operating the valve 116 would be apparent to a worker ordinarily skilled in the art.

[0021] Figure 2 shows another embodiment 300 wherein there are three circuits
10. Two of the circuits are provided with a reheat function in this heat pump system
schematic. The reheat coil 104 in one of the circuits is connected in a manner similar to that
in the Figure 1 embodiment and utilizes discharge refrigerant vapor for the reheat function
(the reheat coil is arranged sequentially and is located upstream of the outdoor heat
exchanger). However, another reheat coil has a three-way valve 120 between the outdoor
heat exchanger 20 and expansion device 22 and may use either vapor, two-phase or liquid
refrigerant for the reheat purpose in various dehumidification modes of operation (although

the reheat coil is still arranged sequentially but is located downstream of the outdoor heat
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exchanger now). A return line returns refrigerant to the main circuit from the reheat coil 104
through a check valve 122 to a point 124.

[0022] Optional communication lines 112 and a flow control device 116 perform
a function similar to that mentioned above .for selectively communicating refrigerant between
the two circuits 10 as well as managing and re-optimizing the refrigerant charge within the
entire heat pump system. Once again, these communication means may not be necessary for
some circuits or some applications and installations.

[0023] A bypass line 126 and valves 128 and 130 allow some of the refrigerant or
its entire amount to be selectively bypassed around the outdoor heat exchanger 20.
Refrigerant is usually bypassed around the outdoor heat exchanger 20 to achieve a variable
sensible heat ratio and when the entire cooling load is not demanded but there is still a
demand for dehumidification. Two flow control devices 128 and 130 manage adequate
refrigerant flows through the outdoor coil 20 and around it, through the bypass line 126.
These two conventional flow control devices can be replaced by a single three-way valve, if
desired.

[0024] The second embodiment provides a higher degree of flexibility in system
operation and control when compared to the first embodiment. First, a number of the heat
pump circuits is greater. Second, two circuits have an ability to operate in dehumidification
regimes, in addition to cooling and heating. Third, the reheat concepts are different for the
two abovementioned circuits. Lastly, the outdoor heat exchanger bypass provides additional
control options.

[0025] It should be understood that indoor and outdoor heat exchangers do not

have to be separate units but can be combined instead in a single component with the
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independent refrigerant flow path provided for each circuit. Also, not all the circuits in the
multi-circuit heat pump system have to be heat pump circuits and can be conventional
cooling circuits, if desired.

[0026] A main aspect of the invention is that each circuit in the multi-circuit heat
pump system may have an independent and different reheat concept, which along with
optional refrigerant communication means between the circuits, provide enhanced capability
in system operation and control in satisfying a wide spectrum of external sensible and latent
load demands. The teachings of this invention are not limited to a specific system
configuration or reheat concept, and the benefits of the invention can be easily extended to
other design arrangements by a person ordinarily skilled in the art.

[0027] Providing an appropriate control for operation of all of these components
and devices would also be within the skill of a worker in this art.

[0028] Although preferred embodiments of this invention have been disclosed, a
worker of ordinary skill in this art would recognize that certain modifications would come
within the scope of this invention. For that reason, the following claims should be studied to

determine the true scope and content of this invention.
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CLAIMS

What is claimed is:

1. A heat pump system comprising:

a plurality of circuits, with each of said circuits including a compressor, an outdoor
heat exchanger, an expansion device, and an indoor heat exchanger, and a first flow control
device for selectively routing refrigerant from said‘compressor to either said indoor heat
exchanger when in a heating mode, or to said outdoor heat exchanger when in a cooling
mode;

at least one of said circuits having a reheat branch; and

said reheat branch receiving refrigerant, and passing the refrigerant through a reheat
coil, and returning the refrigerant to the circuit downstream of the reheat coil, and an air-
moving device for passing air over at least a portion of said indoor heat exchanger, and over

at least a portion of said reheat coil.

2. The heat pump system as set forth in claim 1, wherein at least one of said plurality of

circuits does not include a reheat branch.

3. The heat pump system as set forth in claim 1, wherein a second flow control device

for communicating refrigerant to said reheat coil is positioned in said circuit.

4. The heat pump system as set forth in claim 3, wherein said second flow control device

is a three-way valve.
10
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5. The heat pump system as set forth in claim 1, wherein at least one additional flow

control device is included to communicate refrigerant between at least two circuits.

6. The heat pump system as set forth in claim 1, wherein said reheat coil and said

outdoor heat exchanger are positioned in a parallel arrangement within said circuit.

7. The heat pump system as set forth in claim 1, wherein said reheat coil and said

outdoor heat exchanger are positioned in a sequential arrangement within said circuit.

8. The heat pump system as set forth in claim 7, wherein said reheat coil is positioned
upstream of said outdoor heat exchanger. ’
9. The heat pump system as set forth in claim 7, wherein said reheat coil is positioned

downstream of said outdoor heat exchanger.

\

10. The heat pump system as set forth in claim 1, wherein there are at least three of said

circuits, and at least two of said circuits include reheat branches.

11. The heat pump system as set forth in claim 1, wherein at least two circuits have reheat

branch configurations different from each other.

11



WO 2006/033785 PCT/US2005/030809

12. The heat pump system as set forth in claim 11, wherein said at least two circuits have

different refrigerant tap locations for the reheat branches.

13.  The heat pump system as set forth in claim 11, wherein said at least two circuits have

different refrigerant return locations for the reheat branches.

14.  The heat pump system as set forth in claim 1, wherein at least one circuit has a bypass

line to selectively bypass refrigerant around said outdoor heat exchanger.

15. The heat pump system as set forth in claim 14, wherein a flow control device

selectively controls the flow of refrigerant passing through said bypass line.

16. A method of operating a multi-circuit heat pump system comprising the steps of:

€)) providing a plurality of heat pump circuits, a common control for said
plurality of heat pump circuits and providing at least one of said heat pump circuits with a
reheat branch; and

) selectively operating said multiple circuits, and selectively operating said

reheat branch to provide desired air temperature and humidity levels.

12
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17.  The method of claim 16, further including the step of selectively bypassing refrigerant

around an outdoor heat exchanger in at least one of said heat pump circuits.

18.  The method of claim 16, wherein at least one of said heat pump circuits is operated in
a cooling mode, and at least one of said heat pump circuits is operated with said reheat

branch.

19.  The method of claim 16, wherein at least one of said heat pump circuits is operated in

a cooling mode and at least one of said heat pump circuits is operated in a heating mode.

20. The method of claim 16, wherein at least one of said heat pump circuits is operated in
a heating mode, and at least one of said heat pump circuits is operated with said reheat

branch.

21.  The method of claim 16, further including the step of selectively communicating

refrigerant between at least two circuits.
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