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HEAT-RECOVERY-ENHANCED REFRIGERATION SYSTEM

BACKGROUND

[0001] Embodiments of the present disclosure relate to refrigeration systems,
and more particularly, to heat recovery refrigeration systems, such as refrigerated

transport systems.

[0002] A transport refrigeration system used to control an enclosed area, such
as the box of a truck, trailer, intermodal container, or the like, functions by absorbing
heat from the enclosed area and releasing heat outside of the box into the
environment. A number of transport refrigeration units, including units currently sold
by the assignee, employ a compressor to pressurize refrigerant to enable removal of

heat from the box.

[0003] A number of systems power the vapor compression system via an
internal combustion engine. Some systems directly couple the engine to the
compressor to mechanically drive the compressor. Others electrically power the
compressor via a generator. When an engine is present, a number of systems have

been proposed to use heat recovery from the engine.
BRIEF DESCRIPTION

[0004] According to an embodiment, a refrigerated system includes a vapor
compression system defining a refrigerant flow path and a heat recovery system
defining a heat recovery fluid flow path. The heat recovery system is thermally
coupled to the vapor compression system. The heat recovery system includes a first
heat exchanger within which heat is transferred between a heat recovery fluid and an
engine coolant and at least one recovery heat exchanger positioned along the heat

recovery fluid flow path directly upstream from the first heat exchanger.

[0005] In addition to one or more of the features described above, or as an
alternative, in further embodiments the heat recovery fluid flow system further

comprises a primary fluid loop and a secondary fluid loop, the first heat exchanger
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and the at least one recovery heat exchanger being positioned along the primary fluid

loop.

[0006] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid loop is thermally coupled to

the vapor compression system.

[0007] In addition to one or more of the features described above, or as an
alternative, in further embodiments the heat recovery system further comprises a
pump located upstream from the first heat exchanger, an ejector having a primary
inlet and a secondary inlet, and a heat rejection heat exchanger arranged downstream

from the ejector.

[0008] In addition to one or more of the features described above, or as an
alternative, in further embodiments heat recovery fluid is provided to the at least one

recovery heat exchanger from the pump.

[0009] In addition to one or more of the features described above, or as an
alternative, in further embodiments the heat recovery system and the vapor

compression system are thermally coupled at the at least one recovery heat exchanger.

[0010] In addition to one or more of the features described above, or as an
alternative, in further embodiments the refrigerant of the vapor compression system
provided to the at least one recovery heat exchanger has a temperature above an

outside ambient temperature.

[0011] In addition to one or more of the features described above, or as an
alternative, in further embodiments the vapor compression system includes a
compressor, and the refrigerant discharged from the compressor is provided to the at

least one recovery heat exchanger.

[0012] In addition to one or more of the features described above, or as an
alternative, in further embodiments heat recovery fluid from a first portion of the heat

recovery fluid flow path and heat recovery fluid from a second portion of the heat
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recovery fluid flow path are thermally coupled at the at least one recovery heat

exchanger.

[0013] In addition to one or more of the features described above, or as an
alternative, in further embodiments the first portion of the heat recovery fluid flow
path is arranged at an outlet of the ejector, and the second portion of the heat recovery

flow path is arranged at an outlet of the pump.

[0014] In addition to one or more of the features described above, or as an
alternative, in further embodiments a first portion of the heat recovery fluid output
from the heat rejection heat exchanger is provided to the primary fluid loop and a
second portion of the heat recovery fluid output from the heat rejection heat

exchanger is provided to the secondary fluid loop.

[0015] In addition to one or more of the features described above, or as an
alternative, in further embodiments the second portion of the heat recovery fluid is

provided to the secondary inlet of the ejector.

[0016] In addition to one or more of the features described above, or as an
alternative, in further embodiments the at least one recovery heat exchanger includes
a first recovery heat exchanger and a second recovery heat exchanger arranged in

series with respect to the heat recovery fluid flow path.

[0017] In addition to one or more of the features described above, or as an
alternative, in further embodiments the refrigerated system is part of a refrigerated
compartment of a refrigerated transport system, the refrigerated compartment being
arranged in thermal communication with the second heat exchanger of the vapor

compression system.

[0018] According to another embodiment, a method of operating a transport
refrigeration system including a vapor compression system and a heat recovery
system includes circulating a refrigerant through a vapor compression flow path of the
vapor compression system, and circulating a heat recovery fluid through a heat

recovery fluid flow path of the heat recovery system. The heat recovery system
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includes a heat exchanger for transferring heat between a heat recovery fluid within
the heat recovery fluid flow path and an engine coolant. The method additionally
includes transferring heat to the heat recovery fluid within the heat recovery fluid

flow path at a location upstream from the heat exchanger.

[0019] In addition to one or more of the features described above, or as an
alternative, in further embodiments transferring heat to the heat recovery fluid within
the heat recovery fluid flow path at a location upstream from the heat exchanger
includes providing the heat recovery fluid to another heat exchanger within which the

heat recovery fluid is in a heat exchange relationship with a secondary fluid.

[0020] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid arranged in a heat exchange
relationship with the heat recovery fluid has a temperature greater than an outside

ambient temperature.

[0021] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid is the refrigerant from the

vapor compression system.

[0022] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid is refrigerant at an outlet of a

compressor of the vapor compression system.

[0023] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid is the heat recovery fluid from

another portion of the heat recovery fluid within the heat recovery fluid flow path.

[0024] In addition to one or more of the features described above, or as an
alternative, in further embodiments the secondary fluid is refrigerant at an outlet of an

ejector of a heat recovery system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following descriptions should not be considered limiting in any
way. With reference to the accompanying drawings, like elements are numbered

alike:
[0026] FIG. 1 is an example of a transport refrigeration system;

[0027] FIG. 2 is a schematic diagram of a refrigeration system of a transport

refrigeration system according to an embodiment;

[0028] FIG. 3 is a schematic diagram of a refrigeration system of a transport

refrigeration system according to an embodiment; and

[0029] FIG. 4 is a schematic diagram of a refrigeration system of a transport

refrigeration system according to an embodiment.
DETAILED DESCRIPTION

[0030] A detailed description of one or more embodiments of the disclosed
apparatus and method are presented herein by way of exemplification and not

limitation with reference to the Figures.

[0031] With reference now to FIG. 1, an example of a refrigerated transport
system 20 in the form of a refrigerated trailer is illustrated. As shown, the trailer may
be pulled by a tractor 22. The trailer includes a box 24 defining an interior
compartment 26. An equipment housing 28 mounted to a front of the box 24 may
contain an electric generator system including an engine 30 (e.g. diesel) and an
electric generator 32 mechanically coupled to the engine to be driven thereby. A
refrigeration system 34 may be electrically coupled to the electric generator 32 to

receive electrical power.

[0032] With reference now to FIGS. 2-4, various configurations of the
refrigeration system 34 according to an embodiment are shown in more detail. The
refrigeration system 34 includes a vapor compression system 36 having a refrigerant

flow path 38 and a heat recovery system 40 having a recover heat recovery fluid flow

5



105058CNO1 (U301960CN)

path 42. The refrigeration system 34 includes a compressor 44 having a suction inlet
46 and a discharge outlet 48. In an embodiment, the compressor 44 is an electrically
powered compressor having an integral electric motor. Downstream from the
discharge outlet 48, the vapor compression system 36 further includes a heat
exchanger 50, at least one pass through a first portion of a subcooler 52, an expansion
device 54, and another heat exchanger 56. It should be understood that embodiments
including a transcritical vapor compression system are also within the scope of the

disclosure.

[0033] During normal operation of the vapor compression system 36, the heat
exchanger 50 is a heat rejection heat exchanger, i.e. a condenser or gas cooler, and the
heat exchanger 56 is a heat absorption heat exchanger, i.e. an evaporator. In the
illustrated, non-limiting embodiment, both heat exchangers 50, 56 are refrigerant-air
heat exchangers having a fan 58, 59 driving a respective airflow Al, A2 across each
heat exchanger 50, 56. The heat exchanger 56 is arranged in communication with the
interior compartment 26 of the box 24. Accordingly, the air A2 that is cooled as it
flows across the heat exchanger 56 is provided to cool the interior compartment 26 of
the box 24. The heat exchanger 50 is in thermal communication with an exterior of
the box 24 such that heat from the refrigerant within the heat exchanger 50 is rejected

to the airflow Al.

[0034] As will be discussed in more detail below, the subcooler 52 is a
refrigerant-refrigerant heat exchanger where a first portion of the heat exchanger is
arranged within the refrigerant flow path 38 and a second portion of the heat
exchanger is arranged within the heat recovery fluid flow path 42. The heat recovery
fluid flowing through the second portion of the subcooler 52 may experience a phase
change and/or may be a refrigerant. However, for clarity, the fluid circulating through
the heat recovery system 40 will be referred to herein as a heat recovery fluid. The
heat recovery fluid and the refrigerant may have identical compositions, or

alternatively, may be different.

[0035] The heat recovery fluid flow path 42 of the heat recovery system 40
includes both a primary fluid loop 60 and a secondary fluid loop 62. The primary fluid
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loop 60 includes a pump 64 having an inlet 66 and an outlet 68. The primary fluid
loop 60 of the heat recovery system 40 additionally includes at least one pass through
a first portion of a heat exchanger 70 and an ejector 72. The ejector 72 has a primary
or motive flow inlet 74 at the inlet of a nozzle 76 (e.g. a convergent-divergent nozzle)
and an outlet 78 at the downstream end of a diffuser 80. The ejector 72 additionally
includes a secondary suction port 82. Sequentially, along the primary fluid loop 60 of
the heat recovery fluid flow path 42 proceeding downstream from the pump 64 during
normal operation, the heat recovery fluid passes through the heat exchanger 70, the
primary inlet 74 of the ejector 72, the ejector outlet 78, and another heat exchanger 84
before returning to the pump 64. In the illustrated, non-limiting embodiment, the heat
exchanger 84 is a refrigerant-air heat exchanger having a fan 86 driving a respective

airflow A3 across the heat exchanger 84.

[0036] In the non-limiting embodiment illustrated in FIG. 2, the secondary
fluid loop 62 is fluidly coupled to the primary fluid loop downstream from the heat
exchanger 84. As shown, a first portion of the heat recovery fluid output from the heat
exchanger 84 is directed to the pump 64 and a second portion of the heat recovery
fluid output from the heat exchanger 84 is provided to the secondary fluid loop 62.
Within this secondary fluid loop 62, the heat recovery fluid passes sequentially
through an expansion device 88 and the second portion of the subcooler 52 before
being returned to the primary fluid loop 60 of the heat recovery system 40 via the

secondary suction port 82 of the ejector 72.

[0037] In an embodiment, the heat exchanger 70 is a generator heat exchanger
configured to transfer heat from the engine of the tractor 22 to the heat recovery fluid
within the primary fluid loop 60. Similarly, the heat exchanger 84 is a heat rejection
heat exchanger. The second portion of the subcooler 52 serves as an evaporator or
heat absorption heat exchanger, such that the heat recovery fluid within the second
portion of the subcooler 52 absorbs heat from the refrigerant within the first portion of

the subcooler 52.

[0038] It is desirable to increase the temperature of the heat recovery fluid

provided to the heat exchanger 70 as is reduces the amount of recovery heat required
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for a given benefit to the vapor compression system 36, or conversely, it allows for an
increased benefit to the vapor compression system 36 for a given amount of recovery
heat. With reference now to FIGS. 2-4, various components within the refrigeration
system 34 may be used to increase the temperature of the heat recovery fluid provided
to the heat exchanger 70. More specifically, any portion of the fluid within either the
heat recovery fluid flow path 42 or the refrigerant flow path 38 having a temperature
above a condensing temperature thereof may be used to increase the temperature of

the heat recovery fluid upstream from the heat exchanger 70.

[0039] In an embodiment, best shown in FIG. 2, the refrigeration system 34
may additionally include a heat exchanger 100 configured to heat the heat recovery
fluid upstream from the heat exchanger 70. As shown, the heat exchanger 100 is a
refrigerant-refrigerant heat exchanger where a first portion of the heat exchanger 100
is arranged within the refrigerant flow path 38 and a second portion of the heat
exchanger is arranged within the primary fluid loop 60 of the heat recovery fluid flow
path 42. With respect to the refrigerant flow path 38, the heat exchanger 100 may be
positioned downstream from the discharge outlet 48 of the compressor 44 and
upstream from the condensing heat exchanger 50. In the illustrated, non-limiting
embodiment, the heat exchanger 100 is arranged in line with the heat exchanger 50
and the subcooler 52. Similarly, the heat exchanger 100 is arranged downstream from
the pump outlet 68 and upstream from the heat exchanger 70 with respect to the flow

of the heat recovery fluid through the primary flow loop 60.

[0040] In an embodiment, the heat exchanger 100 is located directly upstream
from the heat exchanger 70 such that the heat recovery fluid does not pass through
any additional system components, except for possibly a conduit, between the heat
exchanger 100 and the heat exchanger 70. Accordingly, within the heat exchanger
100, heat is transferred from the hot vapor refrigerant output from the compressor 44
to the cooler temperature, liquid heat recovery fluid output from the pump 64. The
resulting heat recovery fluid output from the heat exchanger 100 is then provided to

the heat exchanger 70 to recover the engine coolant heat.
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[0041] Alternatively, or in addition, the refrigerant system 34 may include a
heat exchanger 100°, such as a refrigerant-refrigerant heat exchanger for example,
where heat recovery fluid from different portions of the heat recovery fluid flow path
42 are the first fluid and the second fluid within the heat exchanger 100°. In an
embodiment, best shown in FIG. 3, a first portion of the heat exchanger 100’ is
positioned downstream from the ejector outlet 78 and upstream from the heat
exchanger 84. As a result, the heat recovery fluid output from the ejector 72 functions
as a first fluid within the first portion of the heat exchanger 100’. In such
embodiments, the circuiting of the heat recovery fluid flow path 42 may be configured
such that a second portion of the heat exchanger 100’ configured to receive a second
fluid is positioned between the pump 64 and the heat exchanger 70. Accordingly, the
cool heat recovery fluid output from the pump 64 is provided to the heat exchanger
100°. Within the heat exchanger 100°, the heat recovery fluid output from pump 64
absorbs heat from the heat recovery fluid output from the ejector 72 prior to being

provided to the heat exchanger 70.

[0042] In some embodiments, as shown in FIG. 4, the refrigeration system 34
may include both the heat exchanger 100 and the heat exchanger 100°. Inclusion of
both heat exchangers 100, 100’ further increases the temperature of the heat recovery
fluid used to recover the engine coolant within the heat exchanger 70. In the
illustrated, non-limiting embodiment, the heat recovery fluid output from the pump 64
is first heated within heat exchanger 100’ by heat recovery fluid output from the
ejector 72 and is further heated within heat exchanger 100 by the refrigerant output
from the compressor 44. However, it should be understood that embodiments where
the heat recovery fluid to be provided to the heat exchanger 70 is first heated by heat
exchanger 100 and further heated by heat exchanger 100’ are also within the scope of
the disclosure. In addition, although specific configurations of the refrigeration system
34 and the corresponding positions of the heat exchangers 100, 100’ therein are
illustrated and described herein, it should be understood that the heat exchanger may
be arranged at any suitable location within the refrigeration system 34. More
specifically, the heat exchangers 100, 100’ may be located at any position where the

fluid within either the vapor compression flow path 38 or the heat recovery flow path
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42 has a temperature greater than at least one of an outside ambient temperature and a

condensing temperature of the fluid (whichever is lowest).

[0043] A refrigeration system 34 as illustrated and described herein not only
allows for waste heat at various external ambient conditions and load to be recovered,
but also reduces the size of the condenser 50 or 84, the size of the generator heat

exchanger 70 and the power required by the condenser fan 58 or 86.

[0044] The term “about” is intended to include the degree of error associated
with measurement of the particular quantity based upon the equipment available at the

time of filing the application.

[0045] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the present disclosure. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will be further understood
that the terms ‘“comprises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other

features, integers, steps, operations, element components, and/or groups thereof.

[0046] While the present disclosure has been described with reference to an
exemplary embodiment or embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the present disclosure. In addition, many
modifications may be made to adapt a particular situation or material to the teachings
of the present disclosure without departing from the essential scope thereof.
Therefore, it is intended that the present disclosure not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all embodiments falling within

the scope of the claims.
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Claims
1. A refrigerated system comprising:
a vapor compression system (36) defining a refrigerant flow path (38);

a heat recovery system (40) defining a heat recovery fluid flow path (42), the
heat recovery system (40) being thermally coupled to the vapor compression

system(36), wherein the heat recovery system (40) includes:

a first heat exchanger (70) within which heat is transferred between a
heat recovery fluid and an engine coolant; at least one recovery heat exchanger (100)
positioned along the heat recovery fluid flow path (42) directly upstream from the first
heat exchanger (70);

a primary fluid loop (60) and a secondary fluid loop (62), the first heat
exchanger (70) and the at least one recovery heat exchanger (100°) being positioned
along the primary fluid loop (60), wherein the secondary fluid loop (62) is thermally

coupled to the vapor compression system (36);
a pump (64) located upstream from the first heat exchanger (70);

an ejector (72) having a primary inlet (74) and a secondary inlet (82);

and

a heat rejection heat exchanger (84) arranged downstream from the

ejector (72);

wherein heat recovery fluid from a first portion of the heat recovery fluid
flow path (42) and heat recovery fluid from a second portion of the heat recovery fluid
flow path (42) are thermally coupled at the at least one recovery heat exchanger (100),
wherein the first portion of the heat recovery fluid flow path (42) is arranged at an outlet
(78) of the ejector (72), and the second portion of the heat recovery flow path is
arranged at an outlet (68) of the pump (64).

11



2. The refrigerated system of claim 1, wherein heat recovery fluid is
provided to the at least one recovery heat exchanger (100’) from the pump (64); and
optionally wherein the heat recovery system (40) and the vapor compression system

(36) are thermally coupled at the at least one recovery heat exchanger (100).

3. The refrigerated system of claim 2, wherein the refrigerant of the vapor
compression system (36) provided to the at least one recovery heat exchanger (100)
has a temperature above an outside ambient temperature; and optionally wherein the
vapor compression system (36) includes a compressor, and the refrigerant discharged

from the compressor is provided to the at least one recovery heat exchanger (100°).

4. The refrigerated system of any preceding claim, wherein a first portion
of the heat recovery fluid output from the heat rejection heat exchanger (84) is provided
to the primary fluid loop (60) and a second portion of the heat recovery fluid output
from the heat rejection heat exchanger (84) is provided to the secondary fluid loop (62);
and optionally wherein the second portion of the heat recovery fluid is provided to the

secondary inlet (82) of the ejector (72).

5. The refrigerated system of any preceding claim, wherein the at least one
recovery heat exchanger (100’) includes a first recovery heat exchanger (100’) and a
second recovery heat exchanger (100°) arranged in series with respect to the heat

recovery fluid flow path (42).

6. The refrigerated system of any preceding claim, wherein the refrigerated
system is part of a refrigerated compartment of a refrigerated transport system, the
refrigerated compartment being arranged in thermal communication with the second

heat exchanger of the vapor compression system (36).

7. A method of operating a transport refrigeration system including a

refrigerated system as claimed in any preceding claim, the method comprising:

circulating a refrigerant through a vapor compression flow path of the vapor

compression system (36);
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circulating a heat recovery fluid through a heat recovery fluid flow path (42) of
the heat recovery system (40), the heat recovery system (40) including a heat exchanger
(70) for transferring heat between a heat recovery fluid within the heat recovery fluid

flow path (42) and an engine coolant; and

transferring heat to the heat recovery fluid within the heat recovery fluid flow

path (42) at a location upstream from the heat exchanger (70).

8. The method of claim 7, wherein transferring heat to the heat recovery
fluid within the heat recovery fluid flow path (42) at a location upstream from the heat
exchanger (70) includes providing the heat recovery fluid to another heat exchanger
within which the heat recovery fluid is in a heat exchange relationship with a secondary

fluid.

9. The method of claim 8, wherein the secondary fluid arranged in a heat
exchange relationship with the heat recovery fluid has a temperature greater than an

outside ambient temperature.

10.  The method of claim 8 or 9, wherein the secondary fluid is the
refrigerant from the vapor compression system (36), and optionally wherein the
secondary fluid is refrigerant at an outlet of a compressor of the vapor compression

system (36).

11. The method of claim 8 or 9, wherein the secondary fluid is the heat
recovery fluid from another portion of the heat recovery fluid within the heat recovery
fluid flow path (42); and optionally wherein the secondary fluid is refrigerant at an
outlet of an ejector (72) of a heat recovery system (40).
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