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EJECTOR-ENHANCED HEAT RECOVERY REFRIGERATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] Benefit is claimed of U.S. Patent Application No. 62/331,313, filed May 3, 2016,
and entitled “Ejector-Enhanced Heat Recovery Refrigeration System, the disclosure of which

is incorporated by reference herein in its entirety as if set forth at length.

BACKGROUND OF THE INVENTION
[0002] The invention relates to refrigeration. More particularly, the invention relates to
heat recovery refrigeration systems such as refrigerated transport systems.
[0003] 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 assignee, employ a
reciprocating compressor to pressurize refrigerant to enable the removal of heat from the box.
[0004] 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. Several recent systems include those of US Patent Application Publication

No. 2012/0116594A1 of Aidoun et al., published May 10, 2012.

SUMMARY OF THE INVENTION
[0005] One aspect of the invention involves a refrigerated transport system comprising an
engine. A vapor compression system comprises: a compressor for compressing a flow of a
refrigerant; a first heat exchanger along a refrigerant flowpath of the refrigerant; and a second
heat exchanger along the refrigerant flowpath of the refrigerant. A heat recovery system has:
a first heat exchanger for transferring heat from the engine to a heat recovery fluid along a
heat recovery flowpath; and a second heat exchanger along the heat recovery flowpath. The
heat recovery system second heat exchanger and the vapor compression system first heat
exchanger are respective portions of a shared tube/fin package.
[0006] In one or more embodiments of any of the foregoing embodiments, a separate
subcooler has respective legs along the vapor compression flowpath and the heat recovery

flowpath and the heat recovery system second heat exchanger is a condenser.
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[0007] In one or more embodiments of any of the foregoing embodiments, there is no
separate subcooler; and the heat recovery system second heat exchanger is an evaporator.
[0008] In one or more embodiments of any of the foregoing embodiments, the heat
recovery system further comprises: an ejector having a motive flow inlet, a secondary flow
inlet, and an outlet; a pump; and a loop of the heat recovery flowpath passing through the
pump to the heat recovery system first heat exchanger, through the motive flow inlet and
from the outlet back to the pump.

[0009] In one or more embodiments of any of the foregoing embodiments, the heat
recovery system first heat exchanger has a leg along a coolant flowpath of the engine.
[0010] In one or more embodiments of any of the foregoing embodiments, the
refrigerated transport system further comprises: an engine radiator; and a valve along the
coolant flowpath for apportioning a total coolant flow between the radiator and the heat
recovery system first heat exchanger.

[0011] In one or more embodiments of any of the foregoing embodiments, the engine is
coupled to the compressor to drive the compressor.

[0012] In one or more embodiments of any of the foregoing embodiments, the engine is
coupled to the compressor to mechanically drive the compressor.

[0013] In one or more embodiments of any of the foregoing embodiments, the engine is
mechanically coupled to an electrical generator and the electrical generator is electrically
coupled to an electric motor of the compressor.

[0014] In one or more embodiments of any of the foregoing embodiments, the
refrigerated transport system further comprises a refrigerated compartment in thermal
communication with the vapor compression system second heat exchanger.

[0015] In one or more embodiments of any of the foregoing embodiments, the
refrigerated transport is a truck or a trailer.

[0016] In one or more embodiments of any of the foregoing embodiments, the engine,
vapor compression system, and heat recovery system are mounted along a front of the
compartment.

[0017] In one or more embodiments of any of the foregoing embodiments, the vapor
compression system refrigerant and the heat recovery fluid are different from each other.
[0018] In one or more embodiments of any of the foregoing embodiments, the refrigerant
is less flammable, less toxic, and/or less harmful to the contents of the refrigerated

compartment than the heat recovery fluid.
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[0019] In one or more embodiments of any of the foregoing embodiments, a method for
operating the refrigerated transport system comprises, in a first mode: running the engine to
drive the compressor to compress the flow of refrigerant and drive the refrigerant along the
refrigerant flowpath; transferring the heat from the engine to the heat recovery fluid along the
heat recovery flowpath; and rejecting heat from the refrigerant in the vapor compression
system first heat exchanger.

[0020] In one or more embodiments of any of the foregoing embodiments, heat is
absorbed by the heat recovery fluid in the heat recovery system second heat exchanger.
[0021] In one or more embodiments of any of the foregoing embodiments, in the first
mode heat is rejected by the heat recovery fluid in the heat recovery system second heat
exchanger.

[0022] In one or more embodiments of any of the foregoing embodiments, a separate
subcooler has respective legs along the vapor compression flowpath and the heat recovery
flowpath. The method further comprises, in the first mode transferring heat from the
refrigerant in the vapor compression system t to the heat recovery fluid in the heat recovery
system in the subcooler via a refrigerant-refrigerant heat exchange without airflow.

[0023] In one or more embodiments of any of the foregoing embodiments, the
refrigerated transport system further comprises a radiator and the method further comprises,
in the first mode using a valve to apportion engine coolant between the heat recovery system
first heat exchanger and the radiator.

[0024] Another aspect of the invention involves a combined cooling heating and power
(CCHP) system comprising: a heat source. A vapor compression system comprises: a
compressor for compressing a flow of a refrigerant; a first heat exchanger along a refrigerant
flowpath of the refrigerant; and a second heat exchanger along the refrigerant flowpath of the
refrigerant. A heat recovery system has: a first heat exchanger for transferring heat from the
engine to a heat recovery fluid along a heat recovery flowpath; and a second heat exchanger
along the heat recovery flowpath. The heat recovery system second heat exchanger and the
vapor compression system first heat exchanger are respective portions of a shared heat
exchanger for rejecting heat to a heat transfer fluid. Further embodiments may variations be
along the lines of the other embodiments discussed above and below.

[0025] In one or more embodiments of any of the foregoing embodiments, the heat
source comprises an engine and an electric generator is mechanically coupled to the engine to

be driven by the engine;
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[0026] In one or more embodiments of any of the foregoing embodiments, the shared

heat exchanger is a water-cooled condenser (WCC).

[0027] In one or more embodiments of any of the foregoing embodiments, the

water-cooled condenser is selected from the group consisting of’ a shell and tube WCC; tube-

in-tube water WCC; and a brazed plate WCC.

[0028] Another aspect of the invention involves a system comprising a heat source. A

vapor compression system comprises: a compressor for compressing a flow of a refrigerant; a

first heat exchanger along a refrigerant flowpath of the refrigerant; and a second heat

exchanger along the refrigerant flowpath of the refrigerant. A heat recovery system has: a

first heat exchanger for transferring heat from the engine to a heat recovery fluid along a heat

recovery flowpath; and a second heat exchanger along the heat recovery flowpath. The heat

recovery system second heat exchanger and the vapor compression system first heat

exchanger are respective portions of a shared heat exchanger for rejecting heat to a heat

transfer fluid and/or are in common (e.g., series or parallel) along a heat transfer fluid

flowpath. Further embodiments may variations be along the lines of the other embodiments

discussed above and below.

[0029] The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic view of a refrigeration system of a refrigerated transport

system.

[0031] FIG. 2 is a schematic view of the refrigerated transport system.

[0032] FIG. 3 is a schematic view of a second refrigeration system.

[0033] FIG. 4 is a schematic view of a third refrigeration system.

[0034] FIG. 5 is a schematic view of a fourth refrigeration system.

[0035] FIG. 6 is a schematic view of a combined cooling heating and power (CCHP)

system.

[0036] FIG. 6A is a view of a shell and tube condenser of the CCHP system of FIG. 6.

[0037] FIG. 7 is a schematic view of a second CCHP system.

[0038] Like reference numbers and designations in the various drawings indicate like

elements.



10

15

20

25

30

WO 2017/192302 PCT/US2017/029326

DETAILED DESCRIPTION
[0039] FIG. 2 shows a refrigerated transport unit (system) 20 in the form of a refrigerated
trailer. The trailer may be pulled by a tractor 22. The exemplary trailer includes a
container/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 generator 32 to receive electrical
power.
[0040] FIG. 1 shows further details of the exemplary refrigeration system 34. The system
34 includes a control system 200. The control system 200 may include: one or more user
interface (e.g., input/output) devices 202; processors 204; memory 206; storage 208; and
hardware interface devices 210 (e.g., ports).
[0041] The system 34 further includes a compressor 40 having a suction (inlet) port 42
and a discharge (outlet) port 44. An exemplary compressor 40 is an electrically-powered
reciprocating compressor having an integral electric motor 46. The compressor 40 may be
coupled to the control system 200 to regulate its operation and to the generator 32 via power
lines 48 to receive power. The compressor is a portion of a vapor compression system 50
having a recirculating refrigerant flowpath or loop 52. The exemplary refrigeration system 34
further comprises a heat recovery system 56 having a heat recovery flowpath or loop 58.
[0042] Along the refrigerant flowpath 52, the vapor compression system 50 includes, in a
downstream direction from the discharge port or outlet 44, a heat exchanger 60, a leg 62-1 of
a subcooler 62, an expansion device 64, and a heat exchanger 66 before returning to the
suction port 42. In a normal operational mode, the heat exchanger 60 is a heat rejection heat
exchanger (condenser or gas cooler) and the heat exchanger 66 is a heat absorption heat
exchanger (evaporator). Both heat exchangers 60 and 66 may be refrigerant-air heat
exchangers having respective fans 70 and 72 driving airflows 520 and 522 along air
flowpaths across the heat exchangers. The heat exchanger 66 is in thermal communication
with the box interior to cool the box in the normal cooling mode(s). The heat exchanger 60 is
in thermal communication with an exterior of the box to reject heat to the airflow 520 in the
normal cooling mode. Thus, the airflow 520 may be an external airflow and the airflow 522
may be an interior airflow.
[0043] As is discussed further below, the subcooler 62 is a refrigerant-refrigerant heat
exchanger wherein the leg 62-1 along the refrigerant flowpath 52 is in heat exchanger relation
with a leg 62-2 along the heat recovery flowpath 58. The heat recovery fluid flowing along
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the heat recovery flowpath may go through a phase change (e.g., as discussed below) and
may otherwise be characterized as a refrigerant. However, for convenience of reference, it
will be hereafter referred to as the heat recovery fluid. The heat recovery fluid and the
refrigerant may, in some implementations, have identical compositions or may be different.
In the latter situation, there will be no fluid communication between the two loops. In the
former, there could be.

[0044] The heat recovery system 56 includes a pump 80 having an inlet 82 and an outlet
84. The pump is along a sub-loop or flowpath branch 86 of the heat recovery flowpath 58
which also includes the primary flowpath of an ejector 90. The branch 86 may also provide a
convenient location for a receiver (not shown; e.g., at the pump inlet). The ejector has a
primary or motive flow inlet 92 at the inlet of a nozzle (e.g., a convergent-divergent nozzle)
94 and an outlet 96 at the downstream end of a diffuser 98. The ejector further comprises a
mixer 100 and a secondary or suction inlet port 102. Sequentially along the loop 86
proceeding downstream from the pump 80 in a normal operational mode, flow passes through
aleg 110-1 of a heat exchanger 110, the ejector primary inlet 92, the ejector outlet 96, and a
heat exchanger 112 before returning to the pump.

[0045] A second sub-loop or flowpath branch 120 branches off from the loop 86 between
the heat exchanger 112 and pump 80 and passes sequentially through an expansion device
122, the heat recovery loop leg 62-2 of the subcooler 62, and returns to the ejector secondary
or suction port 102. In normal heat recovery operation, the heat exchanger 110 is a generator
heat exchanger transferring heat from the engine to the heat recovery loop. Similarly, the heat
exchanger 112 is a heat rejection heat exchanger. The heat recovery loop leg 62-2 of the
subcooler serves as an evaporator or heat absorption heat exchanger absorbing heat from the
vapor compression system leg 62-1 of the subcooler.

[0046] FIG. 1 further shows, associated with the engine 30, a radiator 130 and a fan 132
(electric or mechanical) driving an airflow 524 across the radiator. For engine cooling, a
coolant pump 134 (e.g., mechanical or electric) may drive fluid along a recirculating loop 136
outputting heated coolant from the engine and returning reduced temperature coolant. The
coolant may be a conventional engine coolant such as a water and glycol mixture. In the
exemplary implementation, a valve 140 allows selective communication of the coolant flow
to the heat exchanger 110 and/or the radiator 130. In this example, the valve 140 is a
proportioning valve allowing a stepwise or continuous allocation of the refrigerant flow
between the heat exchanger 110 and the radiator 130. In alternative embodiments, the valve is
bi-static. For example, one configuration of a bi-static valve may alternatively deliver coolant
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to the heat exchanger 110 or radiator while not delivering to the other. Yet other bi-static
situations involve having flow to both in at least one condition.

[0047] In the exemplary implementation, the heat exchangers 60 and 112 are part of a
single heat exchanger unit. In an exemplary implementation, the unit is a single bank of tubes
and fins with the heat exchangers 60 and 112 representing separate groups of legs of the tubes
but sharing fins and tube plates. In the exemplary illustrated implementation, the two heat
exchangers 60 and 112 are in series along an air flowpath for the airflow 520. In the
exemplary embodiment in the normal cooling mode, the heat exchanger 112 is downstream
of the heat exchanger 60 along the associated air flowpath. The integrated heat exchanger
with series airflow may have advantages in terms of economizing on space, economizing on
heat exchanger cost, and economizing on fan cost (e.g., by having a single fan servicing
both). By having the heat exchanger 60 upstream along the air flowpath, it receives the
coldest air in normal operation.

[0048] A number of variations are possible. Plural of these variations may coexist. One
group of variations involves having the compressor 40 mechanically powered by the engine
30 (e.g., directly driven or driven via a transmission) rather than electrically driven. This
would eliminate the motor 46 and eliminate the generator 32 (although the engine may
include a generator for powering the engine (e.g., providing spark, starting, and the like)).
[0049] In other variations, the valve 140 may be eliminated so that all coolant passes in
series through the heat exchanger 110 and the radiator 130 (e.g., FIG. 3).

[0050] Other variations involve eliminating the radiator 130 (and its fan 132) so that the
coolant supply and return pass directly between the engine and the heat exchanger 110. The
radiator elimination may reduce cost and space consumed. The heat recovery loop takes heat
from the engine coolant and the subcooler 62 and rejects it to air at the heat exchanger 112. In
order to protect the engine, the operation of this variation could be prioritized for engine heat
rejection. For example this may involve running with the vapor compression system in a
less-efficient state so as to consume more power (and thus require the engine to consume
more fuel) than if the engine were rejecting heat via the omitted radiator.

[0051] Other variations involve altering the cycles of the vapor compression system 50
and/or the heat recovery system 56. The exemplary illustrated systems are relatively simple
and many additional features could be added as are known in the art or yet developed. These,
for example, include the use of economized vapor compression systems or ejector cycles in

the vapor compression system.
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[0052] Further variations involve using engine exhaust heat in addition to or as an
alternative to engine coolant for transferring heat to the heat recovery system in the heat
exchanger 110. These variations can increase the amount of heat and the temperature at heat
exchanger 110, leading to increased capacity and efficiency of the heat recovery loop.

[0053] Yet further variations involve adding a feature such as a de-superheater linking the
two loops in addition to the subcooler 62. An exemplary de-superheater is a
refrigerant-refrigerant heat exchanger having a leg along the vapor compression system
upstream of the heat exchanger 60 and a leg along the heat recovery flowpath downstream of
the subcooler. This may decrease the compressor work and increase the system efficiency.
[0054] Yet further variations involve placing the heat exchangers 60 and 112 in parallel
(e.g., FIG. 4) along air flowpaths rather than in series while still maintaining them as part of a
single unit. In general, parallel flow increases thermodynamic efficiency because both heat
exchangers are exposed to ambient inlet air (rather than one being exposed to air heated in the
other). However, this may require increased space and potentially cost. In one group of
examples, a single fan may pass flow across both in parallel, thus eliminating a fan and its
cost. In other implementations, there may be separate fans 70-1, 70-2, which could provide
better control separate flows 520-1, 520-2.

[0055] Yet further variations involve effectively eliminating the subcooler 62 and
replacing it with an evaporator 63 in the heat recovery system (e.g., FIG. 5). The evaporator
(heat rejection heat exchanger) may be placed in series with the heat exchanger 60 instead of
placing the heat rejection heat exchanger 112 in series. In such implementations, the
evaporator and the heat exchanger 60 may be the two sections of the integrated single unit.
This would involve adding one net fan over the FIG. 1 embodiment with one fan 70-2 driving
airflow 520-2 only across the heat exchanger 112 and another fan 70-1 driving airflow 520-1
in series across the added heat recovery system evaporator and the heat exchanger 60. An
exemplary airflow direction places the added evaporator upstream to precool the air (which
then flows across the heat exchanger 60) and thereby effectively provide interloop heat
transfer from the vapor compression system to the heat recovery system.

[0056] Other possible integrations involve yet further integrating heat exchangers and/or
combining air flowpaths. One example modifies the FIG. 5 configuration by eliminating the
fan 70-2 and integrating the heat exchanger 112 with heat exchangers 60 and 63 as sections
of the integrated single unit (e.g., 112 could be immediately downstream of 60 along the

flowpath 520-1 of FIG. 5).
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[0057] Further variations may involve stationary or fixed site installations. FIG. 6 shows
an exemplary fixed site installation or system 320 embodied as a combined cooling, heating,
and power (CCHP) system. Generally, like components to the system 20 are shown with like
numerals even though the scale or form may ultimately be different in any particular
implementation. The CCHP system 320 features refrigerant-water (generically including
other liquids such as brine, glycols, other solutions, and the like)) heat exchangers in place of
refrigerant-air heat exchangers. In addition to powering the compressor motor 46, the
generator 32 powers additional electric loads 322 of a building (e.g., beyond the loads of the
system itself and, more broadly beyond heating ventilation and air conditioning (HVAC)
loads). The vapor compression system evaporator 366 (legs 366-1 and 366-2 in heat
exchange relation) cools a water flow 572 along a water flowpath (e.g., including along leg
366-2 and pumped via a pump 372 along a water line/conduit to/from cooling loads 371 such
as air handling units, building cold water and the like). Condenser sections 360 and 412 along
the two loops may be respective sections of a single refrigerant-water heater exchanger 600
(FIG. 6A). One example is a shell and tube heat exchanger. Another example is a brazed
plate heat exchanger. Yet another example is a tube-in-tube heat exchanger. FIG. 6 shows a
water flow 570 along a water flowpath (e.g., pumped via a pump 369 along a water
line/conduit) from/to a cooling tower 650 through the unit 600. The unit 600 has a water inlet
602 and a water outlet 604. The exemplary unit 600 is a shell and tube heat exchanger having
a shell with a cylindrical wall 610 and end caps 612 and 614. Plates 616 and 618 define plena
at respective end and are spanned by tube groups 620 and 622. The first end plenum formed
by the plate 616 and end cap 612 is subdivided by a plate 624 into respective inlet and outlet
plena 630 and 632. The second end plenum 634 defines a turn in the flowpath with the
flowpath proceeding sequentially through the inlet 602 into the plenum 630, through the
tubes 620 to the plenum 634, and then back through the tubes 622 to the plenum 632 and the
outlet 604.

[0058] To cool the fluid of the two loops, the interior of the shell is further subdivided by
a dividing plate 640 into chamber 642 and 644 which effectively form the condensers 360
and 412, respectively. The chamber 642 has an inlet 646 and an outlet 648. The chamber 644
has inlet 647 and an outlet 649. Refrigerant from the compressor passes into the inlet 646
where it rejects heat to the sections of the tubes 622 and 620 within the chamber 642 before
passing out the outlet 648 to go to the subcooler. Similarly, heat recovery fluid from the
ejector passes through the inlet 647 and rejects heat to the water flowing in sections of the

tubes 622 and 620 within the chamber 644 before exiting the outlet 649.
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[0059] In yet further variations, instead of being an engine, the heat source 30 may be a
fuel cell.

[0060] Other variations may be along the lines noted above for the refrigerated transport
system. For example, FIG. 7 shows a CCHP system 720 wherein the refrigerant-refrigerant
subcooler is replaced with a refrigerant-water precooler 710 having a leg 710-2 along the
cooling water flowpath rejecting heat to a leg 710-1 (acting as an evaporator) along the
flowpath 58 upstream of the ejector suction port. This further cools the cooling water from
the tower to further cool the refrigerant and heat recovery fluid in the unit 600 (in a fashion
similar to the unillustrated modification of FIG. 5 integrating the condenser 112 into the unit
with 60 and 63).

[0061] In a variation on the FIG. 7 system, rather than having a single integrated unit 600,
there are physically separate WCC for the two loops, each with its own water supply and
return from the tower. The precooler (leg 710-1 forming heat recovery loop evaporator) cools
the water supply (along leg 710-2) for the vapor compression system’s WCC. Thus, the
precooler (leg 710-2) and the vapor compression system’s WCC are in series along the heat
transfer fluid flowpath (the cooling water flowpath for the vapor compression system’s
WCCO).

[0062] Thus, it is seen that one or more of several further shared features may exist
between the loops of the various systems. A first area involves the physical integration of the
heat exchangers of the vapor compression loop and heat recovery loop. Another area which
may exist simultaneously with or alternatively to the first is the shared heat transfer fluid (air
or water (generically including other liquids such as brine, glycols, other solutions, and the
like)) whether in series or otherwise (e.g., the split series configuration of FIG. 6).

[0063] Yet further variations on the foregoing systems involve the particular working
fluids of the vapor compression system and heat recovery system. As mentioned above, they
may be the same or different. In one possible area of differences, the refrigerant of the vapor
compression system may be relatively non-flammable (and/or less toxic, and/or less harmful
to the contents of the refrigerated compartment) when compared to the heat recovery fluid.
For example, appropriate isolation allows only potential exposure/venting of the refrigerant
into the box interior. The heat recovery fluid may be isolated from the box so as to not be
able to accumulate in an enclosed space if there is a leak. Thus, one exemplary combination
is a carbon dioxide-based refrigerant (e.g., R744) and a hydrocarbon heat transfer fluid (e.g.,
R290). An alternative pair is R452A/R245fa.

10
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[0064] The physical configuration of the system is merely illustrative and may
schematically represent any of a number of existing or yet-developed constructions. The
inventive methods described below may also be applicable to other constructions.

[0065] The system may include various additional components including, receivers,
filters, dryers, valves, sensors, and the like.

[0066] One or more embodiments of the present invention have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. For example, when applied in the reengineering of
baseline system configuration or the remanufacturing of a baseline system, details of the
baseline may influence or dictate details of the particular implementation. Accordingly, other

embodiments are within the scope of the following claims.
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CLAIMS
What is claimed is:
1. A refrigerated transport system (20) comprising:
an engine (30);
a vapor compression system (50) comprising:
a compressor (40) for compressing a flow of a refrigerant;
a first heat exchanger (60) along a refrigerant flowpath (52) of the refrigerant;
and
a second heat exchanger (66) along the refrigerant flowpath of the refrigerant;
and
a heat recovery system (56) having:
a first heat exchanger (110) for transferring heat from the engine to a heat
recovery fluid along a heat recovery flowpath (58); and
a second heat exchanger (112; 63) along the heat recovery flowpath
wherein:
the heat recovery system second heat exchanger and the vapor compression system

first heat exchanger are respective portions of a shared tube/fin package.

2. The refrigerated transport system of claim 1, wherein:
a separate subcooler (62) has respective legs (62-1, 62-2) along the vapor
compression flowpath and the heat recovery flowpath; and

the heat recovery system second heat exchanger is a condenser.

3. The refrigerated transport system of claim 1, wherein:
there is no separate subcooler; and

the heat recovery system second heat exchanger is an evaporator (63).

4. The refrigerated transport system of any previous claim, wherein the heat recovery
system further comprises:
an ejector (90) having a motive flow inlet (92), a secondary flow inlet (102), and an
outlet (96);,
a pump (80); and
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a loop (86) of the heat recovery flowpath passing through the pump to the heat
recovery system first heat exchanger, through the motive flow inlet and from the

outlet back to the pump.

5. The refrigerated transport system of any previous claim, wherein:
the heat recovery system first heat exchanger has a leg (110-2) along a coolant flowpath

of the engine.

6. The refrigerated transport system of claim 5, further comprising:
an engine radiator (130); and
a valve (140) along the coolant flowpath for apportioning a total coolant flow between the

radiator and the heat recovery system first heat exchanger.

7. The refrigerated transport system of any previous claim, wherein the engine is

coupled to the compressor to drive the compressor.

8. The refrigerated transport system of claim 7, wherein the engine is coupled to the

compressor to mechanically drive the compressor.

9. The refrigerated transport system of claim 7, wherein the engine is mechanically
coupled to an electrical generator and the electrical generator is electrically coupled to an

electric motor of the compressor.

10. The refrigerated transport system of any previous claim, further comprising:
a refrigerated compartment in thermal communication with the vapor compression system

second heat exchanger.
11. The refrigerated transport system of claim 10, being a truck or a trailer.
12. The refrigerated transport system of claim 10, wherein the engine, vapor
compression system, and heat recovery system are mounted along a front of the

compartment.

13. The refrigerated transport system of any previous claim, wherein:
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the refrigerant and the heat recovery fluid are different from each other.

14. The refrigerated transport system of claim 13, wherein the refrigerant is less
flammable, less toxic, and/or less harmful to the contents of the refrigerated compartment

than the heat recovery fluid.

15. A method for operating the refrigerated transport system of any previous claim,
the method comprising, in a first mode:
running the engine to drive the compressor to compress the flow of refrigerant and drive
the refrigerant along the refrigerant flowpath;
transferring the heat from the engine to the heat recovery fluid along the heat recovery
flowpath; and

rejecting heat from the refrigerant in the vapor compression system first heat exchanger.

16. The method of claim 15, wherein, in the first mode:
heat is absorbed by the heat recovery fluid in the heat recovery system second heat

exchanger.

17. The method of claim 15, wherein, in the first mode:
heat is rejected by the heat recovery fluid in the heat recovery system second heat

exchanger.

18. The method of claim 15, wherein:
a separate subcooler (62) has respective legs (62-1, 62-2) along the vapor compression
flowpath and the heat recovery flowpath; and
the method further comprising, in the first mode:
transferring heat from the refrigerant in the vapor compression system t to the heat
recovery fluid in the heat recovery system in the subcooler via a refrigerant-

refrigerant heat exchange without airflow.

19. The method of claim 15, wherein the refrigerated transport system further
comprises a radiator (130) and the method further comprises, in the first mode:
using a valve (140) to apportion engine coolant between the heat recovery system first
heat exchanger and the radiator.
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20. A combined cooling heating and power (CCHP) system (320) comprising:
a heat source (330);,
a vapor compression system (350) comprising:
a compressor (340) for compressing a flow of a refrigerant;
a first heat exchanger (360) along a refrigerant flowpath (352) of the
refrigerant; and
a second heat exchanger (366) along the refrigerant flowpath of the
refrigerant; and
a heat recovery system (56) having:
a first heat exchanger (110) for transferring heat from the engine to a heat
recovery fluid along a heat recovery flowpath (58); and
a second heat exchanger (412) along the heat recovery flowpath
wherein:
the heat recovery system second heat exchanger and the vapor compression system
first heat exchanger are respective portions of a shared heat exchanger (600) for

rejecting heat to a heat transfer fluid.

21. The combined cooling heating and power system (20) of claim 20 wherein the
heat source comprises an engine (30) and an electric generator (32) is mechanically coupled

to the engine to be driven by the engine.

22. The combined cooling heating and power system (20) of claim 20 wherein:

the shared heat exchanger is a water-cooled condenser (WCC).

23. The combined cooling heating and power system (20) of claim 22 wherein the
water-cooled condenser is selected from the group consisting of

a shell and tube WCC;

tube-in-tube water WCC; and

a brazed plate WCC.

24. A system (20; 320; 720) comprising:
a heat source (30);
a vapor compression system (50; 350) comprising:

15
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a compressor (40) for compressing a flow of a refrigerant;
a first heat exchanger (60; 360; 720) along a refrigerant flowpath (352) of the
refrigerant; and
a second heat exchanger (66; 366) along the refrigerant flowpath of the
5 refrigerant; and
a heat recovery system (56) having:
a first heat exchanger (110; 410) for transferring heat from the engine to a heat
recovery fluid along a heat recovery flowpath (58); and
a second heat exchanger (112; 63; 412) along the heat recovery flowpath,
10 wherein:
the heat recovery system second heat exchanger and the vapor compression system
first heat exchanger are respective portions of a shared heat exchanger for
rejecting heat to a heat transfer fluid and/or are in common along a heat transfer
fluid flowpath.
15

16



PCT/US2017/029326

WO 2017/192302

1/8

bE<

06<

96<

l "Old

07

b0z

907

802

LLLLL1




WO 2017/192302 PCT/US2017/029326

2/8

20

FIG. 2




PCT/US2017/029326

WO 2017/192302

3/8

bE<

06<

96<

€ Old

07

b0z

907

802

LLLLL1




PCT/US2017/029326

WO 2017/192302

4/8

bE<

06<

96<

43 .
N ADLIE
97 Fa==y o
s - %
[AAY 0¥
N
s/ 1-79 09 vy
........ — A v -
T L <
_llvm |||m Wﬂuu nnu4ﬂnu _nnuqﬂnu
79 el w | S, J 101 (¥
18 Lzs  0LS 86 N
Id 001 8 00
08 \ 0L~ 0Lz
| -
wml\\ Owl\\ ||M |||||| \uw |||||| <€ Nc_.
ol—" \_wc__
A
Bl A - 43
& FHo
A obL \ A
Z€l

07

b0z

907

802

LLLLL1




PCT/US2017/029326

WO 2017/192302

5/8

bE<

06<

96<

¢ 'Old

07

b0z

907

802

LLLLL1




PCT/US2017/029326

WO 2017/192302

6/8

bE<

06+<

9¢<

9 'Ol
743
vy
N
8y
\'
002
1114
43

07

b0l

900

802

L1l

L1l

L1l




WO 2017/192302 PCT/US2017/029326

1/8
641 646 640 o4 | 0N
e T ge e
604
\/ \\ '/ //
- _1 Y [ / [
| | |
624 w
612
616 | | I\
/_’ I | | 570
570( b 618
2 L o L AL ———T
0 VM A 614
360 649 412



PCT/US2017/029326

WO 2017/192302

8/8

4

€<

09<

96-<

002
1]Y4

0

b0L

907

807

LLLLLL




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/029326

A. CLASSIFICATION OF SUBJECT MATTER

INV. F25B7/00 F25B1/06
ADD.

F25B6/04

F25B40/02 F25B27/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F25B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20117289953 Al (ALSTON GERALD ALLEN 1,3,4,
[US]) 1 December 2011 (2011-12-01) 13-17,
19-24
Y paragraph [0087]; figures 4,6 5-12
A 2,18
Y US 2004/069012 Al (INOUE YOSHIMITSU [JP]) 5,6
15 April 2004 (2004-04-15)
A paragraph [0026]; figures 2,18
Y WO 2015/065643 Al (CARRIER CORP [US]) 7-12
7 May 2015 (2015-05-07)
paragraphs [0046], [0036], [0035];
figures 1,2
A CA 2 671 914 Al (CA MINISTER NATURAL 4
RESOURCES [CA])
13 January 2011 (2011-01-13)
figure 4

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 July 2017

Date of mailing of the international search report

14/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ritter, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/029326
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011289953 Al 01-12-2011 US 2011289953 Al 01-12-2011
US 2015052926 Al 26-02-2015
US 2004069012 Al 15-04-2004  DE 10346975 Al 29-04-2004
JP 3695438 B2 14-09-2005
JP 2004131034 A 30-04-2004
US 2004069012 Al 15-04-2004
WO 2015065643 Al 07-05-2015 US 2016272048 Al 22-09-2016
WO 2015065643 Al 07-05-2015
CA 2671914 Al 13-01-2011  CA 2671914 Al 13-01-2011
CA 2767272 Al 20-01-2011
EP 2454535 Al 23-05-2012
JP 2012533046 A 20-12-2012
KR 20120052302 A 23-05-2012
US 2012116594 Al 10-05-2012
WO 2011006251 Al 20-01-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

