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CHILLER FOR REFRIGERATION SYSTEM

BACKGROUND

[0001] The subject matter disclosed herein relates to refrigeration systems. More
specifically, the subject matter disclosed herein relates to refrigeration of containers utilized
to store and ship cargo.

[0002] A typical refrigerated cargo container or refrigerated truck trailer, such as
those utilized to transport a cargo via sea, rail or road, is a container modified to include a
refrigeration unit located at one end of the container. The refrigeration unit includes a
compressor, condenser, expansion valve and evaporator serially connected by refrigerant
lines in a closed refrigerant circuit in accord with known refrigerant vapor compression
cycles. The evaporator is located in a compartment that requires cooling, such as a cargo
compartment of a truck or trailer. The condenser and compressor are located outside of the
compartment. Cargo compartment air is passed over the coils of the evaporator, vaporizing
the refrigerant flowing through the evaporator coil, thus heat is absorbed from the air in the
conditioned compartment to cool the conditioned compartment. The gaseous refrigerant is
then flowed to the compressor for compression thereat. A power unit, including an engine,
drives the compressor of the refrigeration unit, and is typically diesel powered, or in other
applications natural gas powered. In many truck/trailer transport refrigeration systems, the
compressor is driven by the engine shaft either through a belt drive or by a mechanical shaft-
to-shaft link. In other systems, the engine drives a generator that generates electrical power,
which in turn drives the compressor.

[0003] Many systems utilize natural gas fuels to power the engine. Natural gas fuels
utilized include compressed natural gas (CNG), liquid natural gas (LNG) and propane. CNG,
LNG, and propane, however, all require specialized storage and some operation on the fuel
before its use at the engine. CNG is stored at ambient temperatures and a pressure of
3600PSI. LNG is stored at ambient or close to ambient pressure but at a temperature of -273
F. Propane is stored at low pressure of around 300PSI and ambient temperatures. Before
these fuels can be used by the internal combustion engine they must be at ambient
temperatures and ambient or close to ambient pressure. To accomplish this, CNG must be
decompressed from 3600PSI to about 10PSI or less. This decompression process can cause
temperature drop in the regulators and lines down to -60 F in some cases. For LNG the liquid
must be heated from -273 F to ambient in order to regenerate the LNG into gaseous natural

gas. This regeneration is typically achieved by use of an electric heater in the fuel system, or
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by utilizing waste heat from the engine to gasify the methane LNG. Propane is drawn as a

liquid from the tank and heated to convert it into a gas.

BRIEF SUMMARY

[0004] In one embodiment, a refrigeration system for a selected space includes a
regeneration heat exchanger containing a volume of heat transfer fluid and a cargo heat
exchanger located at the selected space. The cargo heat exchanger is fluidly connected to the
regeneration heat exchanger to circulate the volume of heat transfer fluid therethrough. The
selected space is conditioned to a selected cargo temperature via thermal energy exchange
between the heat transfer fluid and a flow of air at the selected space. A fuel line extends
through the regeneration heat exchanger and toward an engine and directs a flow of fuel to
the engine to power the engine. The flow of fuel is regenerated via thermal energy exchange
with the heat transfer fluid at the regeneration heat exchanger. The heat transfer fluid reaches
a selected heat transfer fluid temperature via thermal exchange with the flow of fuel.

[0005] Additionally or alternatively, in this or other embodiments the refrigeration
system includes a refrigerant circuit having a refrigerant heat exchanger located in the
regeneration heat exchanger and a compressor fluidly connected to the refrigerant heat
exchanger to circulate a flow of refrigerant through the refrigerant heat exchanger. The
engine is coupled to the compressor to drive the compressor. The heat transfer fluid reaches
the selected heat transfer fluid temperature via thermal exchange with the flow of fuel and/or
the flow of refrigerant.

[0006] Additionally or alternatively, in this or other embodiments the refrigerant
circuit is configured to be switchable into a reversed operation to increase a temperature of
the heat transfer fluid.

[0007] Additionally or alternatively, in this or other embodiments the flow of fuel is
one of liquefied natural gas or compressed natural gas.

[0008] Additionally or alternatively, in this or other embodiments the heat transfer
fluid is glycol.

[0009] Additionally or alternatively, in this or other embodiments one or more
regulators are located at the fuel line in the regeneration heat exchanger.

[0010] Additionally or alternatively, in this or other embodiments thermal energy
exchange between the heat transfer fluid and the one or more regulators at the regeneration
heat exchanger prevents the temperature of the one or more regulators from falling below an

operable regulator temperature.
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[0011] Additionally or alternatively, in this or other embodiments one or more
sensors are located at the regeneration heat exchanger to detect presence of the flow of fuel in
the heat transfer fluid.

[0012] Additionally or alternatively, in this or other embodiments a fuel separator is
operably connected to the regeneration heat exchanger to separate the flow of fuel from the
heat transfer fluid.

[0013] Additionally or alternatively, in this or other embodiments a fuel line heat
exchanger is located along the fuel line at the regeneration heat exchanger to aid in the
thermal energy exchange between the flow of fuel and the heat transfer fluid.

[0014] Additionally or alternatively, in this or other embodiments the selected space
is a refrigerated cargo container.

[0015] In another embodiment, a method of maintaining a selected space at a selected
temperature includes directing a flow of fuel through a regeneration heat exchanger and
toward an engine, the regeneration heat exchanger containing a volume of heat transfer fluid.
The flow of fuel is regenerated via thermal energy exchange with the heat transfer fluid and
the heat transfer fluid is thereby conditioned to a selected fluid temperature. At least a portion
of the heat transfer fluid is directed to a cargo heat exchanger located at the selected space
and thermal energy is exchanged between the heat transfer fluid and a flow of supply air at
the cargo heat exchanger to condition the supply air to a selected air temperature. The heat
transfer fluid is conveyed to the regeneration heat exchanger.

[0016] Additionally or alternatively, in this or other embodiments a compressor of a
refrigerant circuit is powered via the engine. A flow of refrigerant is flowed through the
compressor to a refrigerant heat exchanger positioned at the regeneration heat exchanger.
Thermal energy is transferred between the flow of refrigerant and the heat transfer fluid at the
regeneration heat exchanger thereby conditioning the heat transfer fluid to the selected fluid
temperature via the thermal energy exchange with the flow of refrigerant and /or the flow of
fuel.

[0017] Additionally or alternatively, in this or other embodiments operation of the
refrigerant circuit is reversed to increase a temperature of the heat transfer fluid.

[0018] Additionally or alternatively, in this or other embodiments the flow of fuel is
one of liquefied natural gas or compressed natural gas.

[0019] Additionally or alternatively, in this or other embodiments the flow of fuel is
conveyed through one or more regulators positioned at the fuel line in the regeneration heat

exchanger.
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[0020] Additionally or alternatively, in this or other embodiments thermal energy is
exchanged between the heat transfer fluid and the one or more regulators at the regeneration
heat exchanger to prevent the temperature of the one or more regulators from falling below
an operable regulator temperature.

[0021] Additionally or alternatively, in this or other embodiments the flow of fuel is
directed through a fuel line heat exchanger disposed along the fuel line at the regeneration
heat exchanger to aid in the thermal energy exchange between the flow of fuel and the heat
transfer fluid.

[0022] Additionally or alternatively, in this or other embodiments the selected space
is a refrigerated cargo container.

[0023] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0025] FIG. 1 is a schematic illustration of an embodiment of a refrigerated
transportation cargo container;

[0026] FIG. 2 is an illustration of an embodiment of a refrigeration system for a
refrigerated transportation cargo container;

[0027] FIG. 3 is an illustration of another embodiment of a refrigeration system for a
refrigerated transportation cargo container; and

[0028] FIG. 4 is a cross-sectional view of an embodiment of a fuel separator for a
refrigeration system for a transportation cargo container.

[0029] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawing.

DETAILED DESCRIPTION

[0030] Shown in FIG. 1 is an embodiment of a refrigerated cargo container 10. The
cargo container 10 is formed into a generally rectangular construction, with a top wall 12, a
directly opposed bottom wall 14, opposed side walls 16 and a front wall 18. The cargo

container 10 further includes a door or doors (not shown) at a rear wall 20, opposite the front
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wall 18. The cargo container 10 is configured to maintain a cargo 22 located inside the cargo
container 10 at a selected temperature through the use of a refrigeration unit 24 located at the
container 10. The cargo container 10 is mobile and is utilized to transport the cargo 22 via,
for example, a truck, a train or a ship. The refrigeration unit 24 is located at, for example, the
front wall 18, but in other embodiments may be positioned at other locations.

[0031] Referring to FIG. 2, the refrigeration unit 24 includes a cargo heat exchanger
26 located at least partially inside the cargo container 10. The cargo heat exchanger 26 has a
volume of heat transfer fluid 28, for example, a fluid coolant such as glycol or other fluid
such as abrine, circulating therethrough. It is to be appreciated, however, that other heat
exchange mediums, including gasses or phase-change mediums may be utilized and
circulated through the cargo heat exchanger 26. In some embodiments, the heat transfer fluid
28 is urged through the cargo heat exchanger 26 via a pump 74. Airflow 30 from the cargo
compartment is circulated across the cargo heat exchanger 26 by, for example, fan 32 and the
airflow 30 is cooled or heated via thermal energy exchange with the heat transfer fluid 28 at
the cargo heat exchanger 26. Thus, the airflow 30 is utilized to maintain the interior of the
cargo compartment 10 at a selected temperature.

[0032] For the airflow 30 to be maintained at the selected temperature, the heat
transfer fluid 28 is cooled and/or heated at a regeneration heat exchanger 34. The
regeneration heat exchanger 34 is a closed volume filled with heat transfer fluid 28 and is
fluidly connected to a refrigerant circuit 36. The refrigerant circuit 36 includes at least a
compressor 38, an expansion device 40, a refrigerant heat exchanger 42, and an ambient heat
exchanger 76 fluidly connected in series with a flow of refrigerant 44 circulating
therethrough. The compressor 38 is operably connected to an engine 46 which drives the
compressor 38. The engine 46 is connected to the compressor 38 in one of several ways, such
as a direct shaft drive, a belt drive, one or more clutches, or via an electrical generator. While
the engine 46 in the embodiment of FIG. 2 is utilized to power a refrigerant circuit, one
skilled in the art will readily appreciate that the engine 46 may serve other purposes, for
example, the engine 46 may be the prime mover of a truck or other vehicle to which the cargo
container 10 is affixed.

[0033] The engine 46 is powered by a fuel, in some embodiments, compressed natural
gas (CNG), liquid natural gas (LNG) or propane. In order to be usable by the engine 46, the
fuel must be regenerated, or brought to or near to ambient temperature and pressure. Thus,
before being injected into the engine 46, the fuel is conveyed through the regeneration heat

exchanger 34 via fuel line 48. FIG. 2 illustrates an embodiment of an LNG-driven system.
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Before use, the LNG fuel must be heated from -273 degrees Fahrenheit to ambient to gasify
the LNG fuel.

[0034] The heat transfer fluid 28 circulating back to the regeneration heat exchanger
34 has a higher temperature, relative to the LNG fuel flowing through the fuel line 48, thus in
thermal energy exchange between the two, the heat transfer fluid 28 is cooled, and the LNG
fuel is heated, typically heated sufficiently to gasify the fuel. The gasified fuel is then fed to
the engine 46 via the fuel line 48 to drive the compressor 38 of the refrigerant circuit 36. The
refrigerant circuit 36 then operates to supply the flow of refrigerant 44 to the refrigerant heat
exchanger 42 providing further cooling to the heat transfer fluid 28 in the regeneration heat
exchanger 34. The cooled heat transfer fluid 28 is then circulated to the cargo heat exchanger
26. It is to be appreciated that, under some conditions, operation of the refrigerant circuit 36
to provide additional cooling to the heat transfer fluid 28 at the regeneration heat exchanger
34 may not be necessary and that the heat transfer fluid 28 is cooled sufficiently by the LNG
fuel in the fuel line 48. Further, the refrigerant circuit 36 is switchable such that flow may be
reversed in order to increase the temperature of the heat transfer fluid 28 if it falls below the
selected temperature, or to provide heating to the cargo container 10 via the heat transfer fluid
28.

[0035] In some embodiments, the heat transfer fluid 28 is agitated or stirred in the
regeneration heat exchanger 34 to increase uniformity of a temperature of the heat transfer
fluid 28. To accomplish this, an impeller 50 is located in the regeneration heat exchanger 34
and driven by an impeller motor 52.

[0036] Referring to FIG. 3, in another embodiment, compressed natural gas (CNG) is
utilized as the fuel source for the engine 46 and the CNG is decompressed via a high pressure
regulator (HPR) 54 and a dual stage regulator (DSR) 56 from its storage pressure of about
3600PSI to about 10PSI or less. The HPR 54 and the DSR 56 are located in the regeneration
heat exchanger 34. The heat transfer fluid 28 imparts thermal energy to the CNG, the HPR 54
and DSR 56 to prevent the regulators from falling below operable temperatures. The flow of
CNG then is flowed out of the regeneration heat exchanger 28 to the engine 46. As in the
embodiment of FIG. 2, the cooled heat transfer fluid 28 is then circulated to the cargo heat
exchanger 26. In some embodiments, the fuel flows through a filter 78 located in the
regeneration heat exchanger 34. The filter 78 may be located along the fuel line 48 between
the HPR 54 and DSR 56. Further, in some embodiments, a heater 80, such as an electric
heater, may be located in the regeneration heat exchanger 34 to improve operational

flexibility of the regeneration heat exchanger 34 in maintaining the heat transfer fluid 28 at
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the selected temperature. In some embodiments, one or more fuel line heat exchangers 82 are
positioned along the fuel line 48 in the regeneration heat exchanger 34. For example, fuel line
heat exchangers 82 may be located upstream and/or downstream of filter 78 as shown in FIG.
3. Fuel line heat exchangers 82 aid in thermal energy exchange between the heat transfer
fluid 28 in the regerneration heat exchanger 34 and the flow of fuel in the fuel line 48.

[0037] Referring again to FIG. 2, leakage of fuel from the fuel line 48 into the heat
transfer fluid 28 at the regeneration heat exchanger 34 can potentially contaminate the heat
exchange fluid 28, and therefore possibly cause fuel to be introduced into the cargo or
passenger compartment. To prevent such hazards and to detect leakage of fuel into the
regeneration heat exchanger 34, the regeneration heat exchanger 34 includes a fuel separator
58 located at or near a top extent of the regeneration heat exchanger 34. Any fuel leaking
from the fuel line 48 is gasified by the heat exchange medium 28 and rises into the fuel
separator 58 through a separator inlet 60, along with expanding heat transfer fluid 28.

[0038] Referring now to FIG. 4, excess heat transfer fluid 28 flows out of the fuel
separator 58 into an overflow line 62, while gasified fuel 64 flows into methane detector 66.
When the methane detector 66 detects gasified fuel 64, a signal is sent from the methane
detector to a controller 68, shown in FIG. 2, which in turn signals a fuel control valve 70 to
close and stop the flow of fuel through the fuel line 48 thus shutting the engine 46 off and
preventing further leakage of fuel. Further, the regeneration heat exchanger 34 includes a
pressure and/or temperature transducer 72 which detects temperature and/or pressure of the
heat transfer fluid 28 in the regeneration heat exchanger 34. The temperature and/or pressure
are compared to thresholds either at the transducer 72 or another location, for example, the
controller 68. If an overpressure or over temperature or under temperature condition is
detected by the transducer 72 from, for example, a clogged fuel separator 58, the controller
68 signals for closure of the fuel control valve 70 to stop the flow of fuel through the fuel line
48. The closure of the fuel control valve 70 stops the flow of fuel thereby stopping leakage of
the fuel into the heat transfer fluid 28. This in turn stops fuel supply to the engine 46 stopping
engine 46 operation.

[0039] Use of the heat transfer fluid 28 as the main thermal exchange fluid at the
cargo heat exchanger 26 provides several benefits to the refrigeration unit 24 and the cargo
container 10. It greatly reduces the amount of refrigerant 44 required to cool the cargo
container 10, as the size of the refrigerant circuit 36 containing refrigerant 44 is reduced.
Also, the risk of cargo 22 contamination by a refrigerant leak is greatly reduced, since the

flow of refrigerant 44 is kept isolated from the cargo. Further, the capacity of the refrigeration
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system is increased by taking advantage of the cooling provided by regeneration of the fuel to
ambient conditions to cool the heat transfer fluid, and by using waste energy from the heated
heat transfer fluid 28 to perform the regeneration of the fuel at the regeneration heat
exchanger 34.

[0040] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



CLAIMS:

1. A refrigeration system for a selected space, comprising:

a regeneration heat exchanger containing a volume of heat transfer fluid;

a cargo heat exchanger disposed at the selected space, the cargo heat exchanger
fluidly connected to the regeneration heat exchanger to circulate the volume of heat transfer
fluid therethrough, the selected space conditioned to a selected cargo temperature via thermal
energy exchange between the heat transfer fluid and a flow of air at the selected space;

a fuel line extending through the regeneration heat exchanger and toward an engine,
the fuel line directing a flow of fuel to the engine to power the engine, the flow of fuel
regenerated via thermal energy exchange with the heat transfer fluid at the regeneration heat
exchanger, the heat transfer fluid reaching a selected heat transfer fluid temperature via
thermal exchange with the flow of fuel; and

a refrigerant circuit including:

a refrigerant heat exchanger disposed in the regeneration heat exchanger; and

a compressor fluidly connected to the refrigerant heat exchanger to circulate a
flow of refrigerant through the refrigerant heat exchanger, the engine coupled to the
compressor to drive the compressor, the heat transfer fluid reaching the selected heat
transfer fluid temperature via thermal exchange with the flow of fuel and/or the flow

of refrigerant.

2. The refrigeration system of Claim 1, wherein the refrigerant circuit is configured
to be switchable into a reversed operation to increase a temperature of the heat transfer fluid.

3. The refrigeration system of Claim 1 or Claim 2, wherein the flow of fuel is one of
liquefied natural gas or compressed natural gas.

4. The refrigeration system of any of Claims 1-3, wherein the heat transfer fluid is
glycol.

5. The refrigeration system of any of Claims 1-4, further comprising one or more
regulators disposed at the fuel line in the regeneration heat exchanger.

6. The refrigeration system of Claim 5, wherein thermal energy exchange between
the heat transfer fluid and the one or more regulators at the regeneration heat exchanger
prevents the temperature of the one or more regulators from falling below an operable

regulator temperature.



7. The refrigeration system of any of Claims 1-5, further comprising one or more
sensors at the regeneration heat exchanger to detect presence of the flow of fuel in the heat
transfer fluid.

8. The refrigeration system of Claim 7, further comprising a fuel separator operably
connected to the regeneration heat exchanger to separate the flow of fuel from the heat
transfer fluid.

9. The refrigeration system of any of Claims 1-8, further comprising a fuel line heat
exchanger disposed along the fuel line at the regeneration heat exchanger to aid in the
thermal energy exchange between the flow of fuel and the heat transfer fluid.

10. The refrigeration system of any of Claims 1-9, wherein the selected space is a
refrigerated cargo container.

11. A method of maintaining a selected space at a selected temperature comprising:

directing a flow of fuel through a regeneration heat exchanger and toward an engine,
the regeneration heat exchanger containing a volume of heat transfer fluid;

regenerating the flow of fuel via thermal energy exchange with the heat transfer fluid,
the heat transfer fluid conditioned to a selected fluid temperature;

directing at least a portion of the heat transfer fluid to a cargo heat exchanger disposed
at the selected space;

exchanging thermal energy between the heat transfer fluid and a flow of supply air at
the cargo heat exchanger to condition the supply air to a selected air temperature;

conveying the heat transfer fluid to the regeneration heat exchanger;

powering a compressor of a refrigerant circuit via the engine;

flowing a flow of refrigerant through the compressor to a refrigerant heat exchanger
disposed at the regeneration heat exchanger; and

transferring thermal energy between the flow of refrigerant and the heat transfer fluid
at the regeneration heat exchanger, conditioning the heat transfer fluid to the selected fluid
temperature via the thermal energy exchange with the flow of refrigerant and/or the flow of
fuel.

12. The method of Claim 11, wherein operation of the refrigerant circuit is reversed
to increase a temperature of the heat transfer fluid.

13. The method of Claim 11 or Claim 12, wherein the flow of fuel is one of liquefied
natural gas or compressed natural gas.

14. The method of any of Claims 11-13 further comprising flowing the flow of fuel

through one or more regulators disposed at the fuel line in the regeneration heat exchanger.
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15. The method of Claim 14, further comprising exchanging thermal energy between
the heat transfer fluid and the one or more regulators at the regeneration heat exchanger to
prevent the temperature of the one or more regulators from falling below an operable
regulator temperature.

16. The method of any of Claims 11-15, further comprising directing the flow of fuel
through a fuel line heat exchanger disposed along the fuel line at the regeneration heat
exchanger to aid in the thermal energy exchange between the flow of fuel and the heat
transfer fluid.

17. The method of any of Claims 11-16, wherein the selected space is a refrigerated

cargo container.
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