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Thermally Activated High Efficiency Heat Pump

Technical Field
[0001] This invention relates generally to vapor compression systems and,

more particularly, to a combined vapor compression and a Rankine cycle system.

Background of the Invention

{0002] It is known to combine a vapor compression system with a Rankine
cycle system. See, for example, U.S. Patent 6,962,056, assigned to the assignee of
the present invention. In the U.S. Patent 5,761,921 power generated in the Rankine
cycle is applied to drive the compressor of the vapor compression cycle, and the
combined systems operate on three pressure levels, i.e. the boiler, condenser and
evaporator pressure levels.

[0003] In the 5,761,921 patent, the condenser (heating) capacity includes
two main components, the boiler heat exchanger capacity and the evaporator
capacity, thereby increasing the heating effect for a given thermal input. However,
such heat pumps are very sensitive to ambient temperature in a heating mode of
operation, since the heating capacity decreases as.ambient temperature decreases.
This occurs because the density of vapor refrigerant at the compressor suction and
the compressor volumetric efficiency are reduced as the ambient temperature
decreases. Also, system operation in cooling is somewhat inefficient, and the
efficiency drops when the ambient temperature increases.

[0004] Further, the combined systems cannot use trans-critical refrigerants,
since there is no condensed liquid available downstream of the gas cooler for

pumping throngh the Rankine circuit.

Disclosure of the Invention

[0005] Briefly, in accordance with one aspect of the invention, the combined'
vapor compression and Rankine cycle systems include a common suction
accumulator, with liquid refrigerant being drawn therefrom for the Rankine cycle
and refrigerant vapor being drawn therefrom for the vapor compression cycle,

thereby resulting in increased efficiencies, due to removal of the non-efficient heat
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exchange zone from the evaporator, and improved performance characteristics at
off-design conditions.

[0006] In accordance with another aspect of the invention, the vapor from
the outlet of the expander is combined with the vapor from the outlet of the
compressor, with the combined flow being circulated through the vapor compression
cycle. The evaporator capacity is therefore enhanced, and the condenser (heating)
capacity is increased, thereby benefiting the operation in the heating mode. Also,
the mass flow rate pumped by the compressor is less than the mass flow rate
circulated through the evaporator, thereby reducing the ratio of the compressor
power to the evaporator capacity. Further, when the ambient temperature decreases,
in heating, liquid refrigerant density at the pump inlet, the mass flow rate through
the Rankine loop, and the available power for the compressor, increase, thereby
improving heating efficiency.

10007} In accordance with another aspect of the invention, the liquid
refrigerant in the suction accumulator has elevated concentrations of oil. This
provides bbiling point elevation, which is equivalent to a few degrees of subcooling
and mitigates a risk associated with the cavitation phenomenon in the liquid
refrigerant pump.

[0008] In accordance with another aspect of the invention, the outdoor and
indoor heat exchangers are sized so as to provide non-complete evaporation, thereby
eliminating the otherwise non-efficient vapor-to-air heat exchange zone, carrying a
portion of liquid refrigerant enriched with compressor lubricant from the evaporator
and moves it into the heat exchanger where the heat regeneration is accomplished
more efficiently. Further, the pumped liquid has a higher specific heat at the boiling
pressure then the condensed liquid at the condensing pressure, which provides heat
regeneration of the non-evaporated portion and higher evaporator capacity. Asa
result, the cooling capacity and COP, and the heating capacity and COP, are higher.
The non-evaporated liquid is the working fluid for the Rankine circuit, and the
cooler liquid has a greater thermodynamic potential to cool the fluid carrying the
thermal source for the boiler, thereby resulting in a higher thermodynamic efficiency

of the power generation.
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[6009] In accordance with another aspect of the invention, the inventive

" system may utilize trans-critical refrigerants and BZT-fluids which may be
optimized to provide a better pump-to-expander power ratio.
[06010]) In the drawings as hereinafter described, a preferred embodiment is
depicted; however, various other modifications and alternate constructions can be

made thereto without departing from the spirit and scope of the invention.

Brief Description of the Drawings

[0011) FIG. 1 is a schematic illustration of the present invention.

[0012] FIG. 2 is a boiling point elevation demonstration.

[0013] FIG.3isa graphic illustration of the P-h diagram of the present
invention.

[0014] Fig. 4 is other schematic illustration of the present invention.
[0015] Fig. 5 is a schematic illustration of the present invention without an

economizer heat exchanger.

{0016] Fig. 6 is a T-S diagram of the present invention without an
economizer heat exchanger. .

[0017] Fig. 7 is a T-S diagram of the present invention with an economizer
heat exchanger.

[0018] Fig. 8 is a schematic illustration of the present invention with an oil
separator.

[0019] Fig. 9 is a schematic illustration of an alterative embodiment thereof.
[0020] Fig. 10 is a schematic illustration of a cascade system in accordance

with the present invention.
[0021] Fig. 11 is a'T-S diagram of the cascade system in accordance with the

present invention.

Detailed Description of the Invention

[0022] Shown in Fig,. 1 is a system which, in accordance with the present
invention, utilizes a combination of a Rankine and a vapor compression cycles. The
cycle combination may be called a vapor compression and expansion cycle. The

combined system may be called a vapor compression and expansion system.
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[0023] The vapor compression circuit 12 includes, in serial flow
communication relationship, a compressor 13, a reversing valve 14, an outdoor heat
exchanger 16, one side (or a first pass) 17 of an economizer heat exchanger 18, an
expansion device 19, an indoor heat exchanger 21, and a suction accumulator 22.
Also, included is an expansion device 23 for use in the heating mode of operation.
Bypass valves 24 and 26 may be provided to bypass the respective expansion
devices 19 and 23 when switching between cooling and heating modes of operation.
The reversing valve 14 is, of course, selectively controlled to operate in either the
cooling or heating mode of operation.

[0024] The Rankine cycle circuit 11 includes, in serial flow communication
relationship, the suction accumulator 22, a liquid refrigerant pump 27, another side
(or a second pass) 28 of the economizer heat exchanger 18, a boiler 29 and an
expander 31. The expander 31 can be mechanically connected to the compressor 13
as shown for purposes to assist in driving the compressor 13. Alternatively, the
expander 31 may be connected to drive a generator, with the resulting generated
electricity potentially used to assist in driving one or more components of the
refrigerant system. For instance, the generated electricity may be applied to assist in
driving the compressor 13 and/or the pump 27. Excessive electricity may be fed to
the electric grid if desired. When no cooling or heating is needed, the Rankine
circuit may be used for power generation only. Also, the expander 31, the
compressor 13, and the generator may be mechanically connected. All mechanically
commected components may be enclosed in one hermetic or semi-hermetic casing.
[0025] The combined system operates at three pressure levels: a boiling
pressure established in the boiler 29, with the highest pressure defined by an
available thermal source; a condensing pressure defined by the ambient environment
in a cooling mode and/or set temperature of the heated medium in a heating mode;
and an evaporator pressure, the lowest pressure established in the evaporator due to
interaction with the medium to be cooled in the cooling mode and/or ambient
environment in the heating mode.

[0026] The Rankine circuit operates between the boiling and condensing
pressure as follows. The pump 27 circulates liquid refrigerant from the suction

accumulator 22 through the second pass 28 of the economizer heat exchanger 18,
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where heat is transferred from the flow in the first pass 17 of the heat exchanger 18.
The high pressure liquid then flows to the boiler 29 where it is vaporized. The
generated high pressure vapor is expanded in the expander 31 with the expanded
vapor then passing along a line 32 to a line 33, where it is mixed with the
compressed vapor from the compressor 13. The combined mixture than passes
through the reserving valve 14, from where it is passed to either the outdoor heat
exchanger 16 when in the cooling mode of operation or to the indoor heat exchanger
21 when in the heating mode of operation.

[0027] The vapor compression system 12 operates between the condenser
and evaporator pressure in either the cooling or heating mode. In the cooling mode,
the indoor heat exchanger 21 operates as an evaporator and the outdoor heat
exchanger 16 operates as a condenser, whereas in the heating mode, the outdoor heat
exchanger 16 operates as an evaporator and the indoor heat exchanger 21 operates as
a condenser. The reversing valve 14 of course, is the device that is controlled to
switch between the cooling and heating modes of operation.

[0028] “In the cooling mode, the reversing valve 14 directs the combined
vapor stream into the outdoor heat exchanger 16 operating as a condenser. The
subcooled refrigerant from the outdoor heat exchanger 16 passes through the bypass
valve 26 and to the economizer heat exchanger 18 where it is further subcooled by
the cooler liquid flowing within the second pass 28 of the economizer heat
exchanger 18. The subcooled liquid then flows to the expansion valve 19 where it is
expanded from condenser pressure to the evaporator pressure. The two-phase
refrigerant passes through the indoor heat exchanger 21 which operates as an
evaporator to provide air conditioning to a climate controlled space. The expanded
vapor then passes along the line 34 to the reversing valve 14 and then along the line
36 to the suction accumulator 22.

[0029] It should be mentioned that the refrigerant system is sized for non-
complete evaporation in the indoor heat exchanger 21. That is, some of the liquid
refrigerant passing into the indoor heat exchanger 21 will not be vaporized and will
remain in a liquid state. Therefore, when the t;vo-phase fluid passes along the line
36 to the suction accumulator 22, the liquid portion will serve to replenish the liquid

inventory at the bottom of the suction accumulator 22, and the vapor will be
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available in the upper portion of the suction accumulator 22 to be drawn out by the
compressor 13. i

[0030] In the heating mode, the Rankine cycle circuit 11 operates in
substantially the same manner as described hereinabove, with respect to the cooling
mode of operation. The vapor compression cycle 12 places the reversing valve 14 in
such a position as to direct the combined vapor flow along the line 34 to the indoor
heat exchanger 21, which operates to condense the vapor to a subcooled liquid,
which then flows through the bypass valve 24 to the first pass 17 of the economizer
heat exchanger 18, where it is further subcooled. The liquid refrigerant then passes
through the expansion device 23, where is it expanded from the condensing pressure
to the evaporator pressure and passed into the outdoor héat exchanger 16, which
operates as an evaporator. The fluid then passes into the reversing valve 14, and
along the line 36, to the suction accumulator 22.

[0031] Again, the system is sized for non-complete evaporation such that
some liquid remains in the line passing from the outdoor heat exchanger 16. The
two-phase fluid then enters the suction accumulator 22, with the liquid going to the
bottom to replenish the liquid refrigerant inventory passfng into the Rankine cycle
circuit, and the vapor being available at the suction port of the compressor 13.
[0032] The vapor compression and expansion systems may use subcritical
refrigerants, transcritical refrigerants, BZT fluids, or mixtures of fluids. At least one
fluid in the mixture may be a lubricant.

[0033] The outlet flow from the evaporator (the indoor unit in the cooling
mode or the outdoor unit in the heating mode) contains a high concentration of oil.
[0034] As shown on FIG.2, X, is the mass concentration of oil and Xr is
the refrigerant vapor quality at the inlet to the expansion device, at the inlet to the
evaporator, and at the outlet of the evaporator. When liquid refrigerant boils out, a
mass concentration of oil in the remaining liquid portion of the refrigerant is
increased, together with a boiling point of the oil-refrigerant mixture. The difference
between the boiling point of an oil-refrigerant mixture and the evaporation
temperature of a pure refrigerant is referred to as a boiling point elevation. The

higher the oil concentration is, the higher the boiling point elevation is.
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[0035] Eventually, the boiling point elevation would terminate the
evaporation process. As per Fig. 2, if there is 2% of oil carryover in the compressor
unit, and refrigerant quality at the evaporator inlet is 0.2, then at vapor quality of
0.95 at the evaporator outlet, there will be 40% of oil in the oil-refrigerant mixture at
the evaporator outlet.

[0036] Liquid refrigerant containing high concentration of oil, high vapor
quality and/or superheated vapor refrigerant create an extremely inefficient heat
exchange zone at the evaporator outlet. In the present case, this zone is moved from
the evaporator to the economizer heat exchanger 18, where heat regeneration is
accomplished more efficiently.

[0037] The liquid refrigerant in the suction accumulator 22 tends to have
elevated concentration of oil. This provides for boiling point elevation as per Fig. 2,
which is equivalent to a few degrees of subcooling, and mitigates a risk associated
with the cavitation phenomenon in the liquid refrigerant pump 27.

[0038) Removal of the non-efficient heat exchange zone from the
evaporator, and reduction of the vapor quality at the evaporator inlet and outlet,
improve performance characteristics of the evaporator. As a result, the same
evaporator may generate higher evaporator capacity. Enhancement of evaporator
capacity is always beneficial for both cooling and heating modes of operation, and
cooling and heating COPs are improved. Alternatively, the same evaporator duty
may be provided in a smaller evaporator, which is a cost benefit.

[0039] Other advantages offered by the above described combination of
elements should be recognized. The evaporator handles the refrigerant stream Ge
pumped by the compressor and the refrigerant stream Ge circulating through the
Rankine cycle circuit. The refrigerant stream Ge evaporates providing the same duty
as in the base case. The liquid refrigerant stream Ge regenerates its enthalpy in the
economizer heat exchanger decreasing refrigerant enthalpy at the inlet to the
evaporator and increasing the cooling effect in the evaporator. On the other hand, the
compressor pumps the same amount of refrigerant as the base system and consumes
the same power. Enhancement of evaporator capacity is always beneficial for both
cooling and heating modes of operation. Therefore, the present cycle has enhanced

thermodynamic efficiency for heating and cooling modes of operation.
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[0040] In addition to the advantages described hereinabove, it should be
mentioned that performance improvement is substantial at off-design conditions.
[0041] Normally, when hot ambient temperature is elevated, cooling
performance characteristics degrade, since the compressor pressure ratio increases
and expander pressure ratio decreases. In the present system, as the ambient
temperature elevation increases, it drives the temperature difference for the
economizer heat exchanger, thereby increasing its capacity and resistance to
capacity degradation.

[0042] When cold ambient temperatures is reduced, heating performance
characteristics degrade, since the compressor pressure ratio increases and the
refrigerant vapor density at the compressor inlet decreases. When ambient
temperature is reduced, liquid refrigerant density increases, pumped mass flow rate
through the Rankine circuit increases, and the compressor spins faster, thereby
resisting performance degradation. On the other hand, as ambient temperature drop
increases, it drives the temperature difference for the economizer heat exchanger,
thereby increasing its capacity and resistance to capacity degradation. _
[0043] Traditional Rankine cycle systems, as well as systems combining the
Rankine and vapor compression cycles, cannot use transcritical refrigerants, since
the transcritical systems do not have condensers and liquid refrigerant at the
condenser outlet. Rather, they have gas coolers and compressed cooled gas at the
gas cooler outlet. The Rankine cycle circuits need liquid at the pump inlet.

[0044] The use of the transcritical refrigerants and BZT fluids in optimized
vapor compression and expansion systems may provide a better pump-to-expander
power ratio and, as a result, enhanced thermodynamic efficiency.

[0045] Referring now to Fig. 3, the pressure-enthalpy (P-h) diagram is
shown for the vapor compression and expansion heat pump system of the present
invention. The processes in the diagram are the same for subcritical and transcritical
refrigerants. The differences are reflected by the saturation lines R and S, which are
the saturated lines for a subcritical and a transcritical refrigerant, respectively.
[0046] Here, the three pressures, the boiler pressure (or high pressure for
transcritical refrigerants), the condenser pressure (or discharge pressure for

transcritical refrigerants) and evaporator pressure are represented by Pb, Pe and Ps,
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respectively. In the Rankine cycle, as represented by the dashed lines, the pump 27
causes the refrigerant pressure to be increased from the evaporator pressure P to the
boiling pressure Py, passing from the point A to the point B. When passing through
‘the economizer heat exchanger 18, the refrigerant enthalpy is increased, as indicated
by the line between the points B and C. In the boiler 29, the enthalpy is
substantially increased, as represented by the line between the points C and D.
Finally, the expander 31 causes a reduction in both the refrigerant pressure and the
enthalpy, as represented by the lines between the points D and E.

[0047] In the vapor compression cycle, as represented by the solid lines, the
vapor entering the compressor 13 from the suction accumulator 22 is at the
evaporator pressure P;, as indicted at the point F, and the compressor raises both the
refrigerant pressure and the enthalpy to the values shown at the point G. After the
mixing of the two streams in the line 33, the refrigerant pressure remains at the same
level, but the refrigerant enthalpy has decreased to the values corresponding to the
point H. As the refrigerant vapor is condensed in a condenser 16, its enthalpy is
reduced to the value corresponding to the point I. The liquid refrigerant is then
subcooled in the economizer heat exchanger 18 such that its enthalpy is reduced to
the value corresponding to the point J. Most of the liquid is then expanded in the
expansion device 19 with the pressure being reduced to the value shown at the point
K. Finally, as most of the refrigerant is evaporated in the evaporator 21, its enthalpy
is increased along the line K-F to complete the cycle.

{0048] A combination of the two cycles is therefore represented by the curve
R and S as shown.

[0049] The economizer heat exchanger in Fig.4 provides a counterflow
arrangement in the cooling mode and a parallel flow arrangement in the heating
mode. In some cases, it might be beneficial to have reversed arrangements. Fig.4
shows a system with an economizer heat exchanger providing parallel flow heat
exchange in the heating mode and counterflow heat exchange in the cooling mode.
[0050] Fig. 5 shows a thermally activated pump without the economizer heat
exchanger. Since refrigerant temperature at the boiler inlet is colder, the boiler outlet
temperature of the fluid supplying thermal energy for the Rankine circuit is colder as

well. As a result, such a system retrieves more thermal energy from the fluid and
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allows the compressor shaft to spin faster. The faster spinning compressor provides
enhanced performance characteristics of the entire thermally activated heat pump
system.

[0051] A factor having strong impact on thermal characteristics of the boiler
is the temperature difference DT, in the middle of the boiler (see the T-S diagram in
Fig. 6). This temperature difference and the temperature difference DT; at the cold
end of the boiler are interconnected. If DT, appears too high, it might be appropriate
to use the economizer heat exchanger as shown in Fig. 1. The size of the economizer
heat exchanger should be defined through a trade-off analysis, taking into
consideration the temperature differences DT, DT, and DTj (i.e. the temperature
differences at the hot end of the economizer heat exchanger) on Fig. 7 and their
impact on cost of the boiler, the economizer heat exchanger, and performance
characteristics of the entire system.

[0052] One way of oil management in the thermally activated heat pump
system is shown in Fig.8. The oil separator 40 is located at the inlet to the reversing
valve 14 after the point where the Rankine cycle circuit stream and vapor
compression circuit stream come together. The oil separated in the oil separator is
returned into the compressor 13. As an option, a portion of the separated oil may be
pumped into the expander 31 or to an expander inlet 41.

[0053] A system as shown in Fig. 9 contains a regenerative heat exchanger
42 providing thermal contact between refrigerant leaving the expander 31 and
refrigerant entering the boiler 29. This is useful for refrigerants that are still
signiﬁcantly.superheated at the expander outlet.

f0054) The vapor compression and expansion system described above can be
either a bottoming or a topping part of a cascade system, which provides heating or
cooling. Also, it may or may not generate electrical power.

[0055] Fig. 10 shows a cascade system with a Brayton cycle system 50 used
as a topping system and vapor compression and expansion system 51 used as a
bottoming system. The cascade heat exchanger 52 provides a thermal contact
between these systems and enables heating in the vapor compression and expansion

system 51 due to cooling in Brayton cycle system.

10
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[0056] The Brayton cycle system consists of a closed loop including at least
a compressor 53, a combustor 54, a turbine 55, and the cascade heat exchanger 52.
Such Brayton system arrangement is the simplest one. However, it should be
understood that any other Brayton system modifications and enhancements may be
applicable.

[0057]) The turbine 55 can be mechanically connected to the compressor 53
for purposes of assisting in driving the compressor 53. Alternatively, the turbine 55
may be connected to drive a generator, with the resulting generated electricity. The
generated electricity may be applied to assist in driving the compressor 53.
Excessive electricity may be fed into the electric grid. Also, the Brayton cycle may
be used for power generation only. As an option, the turbine 55, the compressor 53,
and the generator can be mechanically connected.

[06058] The bottoming system functions as a co-generator which produces
heating and cooling. Also, it may or may not generate electrical power.

[0059] Fig. 11 relates to a cascade system, where a bottoming cycle is a
vapor compression and expansion system operating on a transcritical refrigerant.
The cascade heat exchanger 52 provides a thermal contact between the fluid being
cooled in the topping cycle and the fluid being heated in the bottoming cycle. The
isobaric processes of both fluids have glides, which thermodynamically fit each
other. This makes the use of the vapor compression systems for transcritical
refrigerants as bottoming systems of cascade configurations, exceptional.

[0060] All systems as described above-are for providing both heating and
cooling. However, it should be understood that similar arrangements may be applied
to thermally activated devices providing only heating or only cooling. In such cases,
the reversing valve is not required.

[0061] While the present invention has been particularly shown and
described with reference to the preferred mode as illustrated in the drawings, it will
be understood by one skilled in the art that various changes in detail may be implied

therein without departing from the spirit and scope of the invention as defined by the

claims.

11
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a vapor compression cycle system, which includes, in a serial refrigerant
flow communication, a compressor, a first heat exchanger, an expansion device, a
second heat exchanger and a suction accumulator;

a Rankine cycle system, which includes, in a serial flow communication, the
suction accumulator, a liquid refrigerant pump, a boiler and an expander;

said compressor having a suction inlet and a discharge outlet, and said
expander having an inlet and an outlet, and further wherein said expander outlet is
fluidly connected to said compressor outlet to provide a combined flow for
circulation through said first heat exchanger, said expansion device, said second heat

exchanger and said suction accumulator of said vapor compression system.

2. A thermally activated heat pump as set forth in claim 1 wherein said

refrigerant operates in a subcritical cycle, at least for a portion of the time.

3. A thermally activated heat pump as set forth in claim 1 wherein said

refrigerant operates in a transcritical cycle, at least for a portion of the time.

4. A thermally activated heat pump as set forth in claim 1 wherein said
refrigerant is a BZT fluid.
5. A thermally activated heat pump as set forth in claim 1 wherein said

refrigerant is a mixture of fluids.

6. A thermally activated heat pump as set forth in claim 5 wherein at

least one fluid of said mixture of fluids is a lubricant.
7. A thermally activated heat pump as set forth in claim 1 wherein an
economizer heat exchanger provides a thermal contact between liquid refrigerant

outgoing from said pump of said Rankine cycle system and liquid refrigerant

entering said expansion device of said vapor compression cycle system.

12
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exchanger is used as an evaporator providing cooling duty as an indoor unit.

9. A thermally activated heat pump as set forth in claim 1 wherein, said
first heat exchanger is used for evaporation as an outdoor unit and said second heat

exchanger is used to provide heating duty as an indoor unit,

10. A thermally activated heat pump as set forth in claim 1 wherein a
reversing valve is installed downstream of a point where refrigerant flow from said
expander and refrigerant flow from said compressor are combined, said first heat
exchanger is used as an outdoor unit, said second heat exchanger is used as an
indoor unit, and said reversing valve is controlled to selectively provide appropriate
refrigerant communication with said outdoor unit and said indoor unit to execute

cooling and heating duties.

11. A thermally activated heat pump as set forth in claim 1 wherein, said
refrigerant contains a lubricating oil, an oil separator is installed downstream of a
point where refrigerant flow from said expander and refrigerant flow from said

compressor are combined.

12. A thermally activated heat pump as set forth in claim 11 wherein the

lubricating oil separated in said oil separator is returned to said COMpIessor.

13. A thermally activated heat pump as set forth in claim 11 wherein at

least a portion of the separated lubricating oil is returned to said expander.

14. A thermally activated heat pump as set forth in claim 1 wherein a
regenerating heat exchanger provides a thermal contact between refrigerant outgoing

from said expander and refrigerant entering said boiler.

13
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16. A thermally activated heat pump as set forth in claim 1 wherein said

expander and a generator are positioned on the same shaft.

17. A thermally activated heat pump as set forth in claim 1 wherein said

thermally activated heat pump comprises a topping system of a cascade system.

18. A thermally activated heat pump as set forth in claim 1 wherein said

thermally activated heat pump comprises a bottoming system of a cascade system.

19. A thermally activated heat pump as set forth in claim 17 wherein:

said topping system of said cascade system comprises a Brayton cycle
system;

said Brayton cycle system comprises at least a compressor, a combustor, a
turbine, and a cascade heat exchanger; and

said cascade heat exchanger provides a thermal contact between said

bottoming system and said topping system

20. A thermally activated heat pump as set forth in claim 19 wherein said
compressor of said topping system and said turbine of said topping system are

positioned on the same shaft.

21. A thermally activated heat pump as set forth in claim 19 wherein said

expander and a generator are positioned on the same shaft.

22. A method of combining a vapor compression cycle system with a
Rankine cycle system to obtain increased thermodynamic efficiency in operation,
comprising the steps of:

providing a vapor compression cycle system to include, in a serial flow

communication, a compressor, a reversing valve, an outdoor heat exchanger, a first

14
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providing a Rankine cycle system, which includes, in a serial flow
communication, the suction accumulator, a liquid refrigerant pump, a second pass of

the economizer heat exchanger, a boiler and an expander.

23. A method as set forth in claim 22 wherein the compressor includes a
suction inlet and a discharge outlet, and said expander includes an inlet and an
outlet, and further including the steps of fluidly connecting said expander outlet to
said compressor outlet and providing a combined flow to be circulated through said

vapor compression cycle system,

24. A method as set forth in claim 23 and including the steps of, when
operating in a cooling mode, combining the flow of vapor from said compressor and
from said expander and passing it through the reversing valve and then to the

outdoor heat exchanger,

25. A method as set forth in claim 23 and including the steps of, when
operating in a heating mode, combining the flow of vapor from said compressor and
from said expander and passing it through the reversing valve and then to the indoor

heat exchanger.

26. A method as set forth in claim 23 and including the steps of, when
operating in a cooling mode, selectively controlling said reversing valve to pass the
flow of refrigerant from the indoor heat exchanger through the reversing valve and

then to the suction accumulator.
27. A method as set forth in claim 25 wherein said indoor heat exchanger
is sized for a non-complete evaporation, and including the step of passing the flow

of both vapor and liquid refrigerant from said indoor heat exchanger to said suction

accumulator.
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liquid from said suction accumulator to said pump.

29. A method as set forth in claim 23 and including the steps of, when
operating in a heating mode, selectively controlling said reversing valve to pass the
flow of refrigerant from the outdoor heat exchanger, through the reversing valve and

then to the suction accumulator.

30. A method as set forth in claim 29 wherein said outdoor heat
exchanger is sized for a non-complete evaporation, and including the step of passing
the flow of both vapor and liquid refrigerant from said outdoor heat exchanger to

said suction accumulator.
31. A method as set forth in claim 30 and including the steps of passing
the flow of vapor from said suction accumulator to said compressor and the flow of

liquid from said suction accumulator to said pump.

32. A method as set forth in claim 28 wherein said liquid contains a

lubricant.

33. A method as set forth in claim 29 wherein said liquid contains a

lubricant.

34, A method as set forth in claim 22 wherein said refrigerant operates in

a subcritical cycle, at least for a portion of the time.

35. A method as set forth in claim 22 wherein said refrigerant operates in

a transcritical cycle, at least for a portion of the time.

36. A method as set forth in claim 22 wherein said refrigerant is a

refrigerant mixture.
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pump of said Rankine cycie system and liquid refrigerant entering said expansion

device of said vapor compression cycle system.

38. A method as set forth in claim 22 wherein said first heat exchanger is
used for heat rejection as an outdoor unit and said second heat exchanger is used as

an evaporator providing cooling duty as an indoor unit.

39. A method as set forth in claim 22 wherein, said first heat exchanger is
used for evaporation as an outdoor unit and said second heat exchanger is used to

provide heating duty as an indoor unit.

40. A method as set forth in claim 22 wherein a reversing valve is
installed downstream of a point where refrigerant flow from said expander and
refrigerant flow from said compressor are combined, said first heat exchanger is
used as an outdoor unit, said second heat exchanger is used as an indoor unit, and
said reversing valve is selectively controlled to provide appropriate refrigerant
communication with said outdoor unit and said indoor unit to execute cooling and

heating duties,
41. A method as set forth in claim 22 wherein, said refrigerant contains a
lubricating oil, an oil separator is installed downstream of a point where refrigerant

flow from said expander and refrigerant flow from said compressor are combined.

42, A method as set forth in claim 22 wherein oil separated in said oil

separator is returned to said compressor.

43. A method as set forth in claim 22 wherein at least a portion of

separated oil is returned to said expander,
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expander and retrigerant entering said boiler.

18

SUBSTITUTE SHEET (RULE 26)



WO 2009/029068 PCT/US2007/018958

1/11

264

| SRR V.

24 ~Js




WO 2009/029068 PCT/US2007/018958

2/11

BOILING POINT

ELEVATION, OR
XoIL=002 EVAPORATOR
Xore=0
REF LENGTH

H {

] |
Xo)L=0-025] | Xoi=0:1 | | [*oi.=0-40
OlL ! Xore=0.81 | |Xorr=0.95
XREF=O'2 E REF}" : REF—V-

l J —

< I

I T




PCT/US2007/018958

3/11

WO 2009/029068

¢4
-
AdVHIN3
3 N H
—O<=
NOILYHOdVAZ m
4053400 NI |
NOISS3HdH0D IKTVA NOISNVAX3 NI NOISNYdX3 !
mm
I
9" ONIXIN / NOILYSNIONOD AAR ¥
4 i
. 7 |
430NV NI 7 SIONVHOXT LV3H ONIdNNG
NOISNvdX3 /7 "“
7 i
=TT e /) ﬁom
’ 1SN02=L ISN0D=L
4 WNSSTAd ¥



WO 2009/029068 PCT/US2007/018958

4/11




WO 2009/029068 PCT/US2007/018958

5/11

[ \-22




PCT/US2007/018958

WO 2009/029068

6/11

————

994

-
AdOYINT ~<

J0SS34dNOD NI
NOISS34dN0D

INIdNd /
NOLLVHOAS w /
O‘ ——
I NOISNVAIG NI OIS N,
NOILYSNIANOD
4 |
HIONVX3 7 N A
NI NOISNYX3 / -
>
C >
[ ]

JUNLYEIdNIL «



PCT/US2007/018958

WO 2009/029068

—

LIl

Al
AdOYINT - /
~< /
~ NOILYYOdVAZ
O=
) // INWA NOISNVAX3 NI NOISNYAX3 y,
N NOILYSNIONOD R A
J/ /I\\
\ YIONVAX3 m% /
HOSSIHdN0D NI INIXIN \ _ NI NOISNVdX3 /
NOISSIHdWNOD ) e
S
Pt
c > #
TANLYYIINIL



WO 2009/029068 PCT/US2007/018958

8/11




PCT/US2007/018958

WO 2009/029068

9/11

-7

97




PCT/US2007/018958

WO 2009/029068

10/11

%)

019l

¢S

|
|

e e e i e i . e e i e e e P A e B - ]

Il

-G




PCT/US2007/018958

WO 2009/029068

11/11

m .

e S

RNSSHRd ~
INILYY0dVAS

¥OSSIUANOD NI
NOISSIUIOD

YIINVHIXA
LY3H 3QYOSY0
NI ONF1009

¥IANVdX3
NI NOISNvdX3

(

¥3IONYHOX3 LV3H
30aYOSYd NI ONILY3H

¥01SNEW0J
NI ONILY3H

aNigant
NI NOISNVdX3

¥OSSIIdNOI

ERIINAEREI

\

NI NOISS3udW09



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US07/18958

A. CLASSIFICATION OF SUBJECT MATTER
IPC: F25B 27/00( 2006.01)

USPC: 62/238.7,331

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

B. FIELDS SEARCHED

U.S. :62/238.7, 331

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

EAST

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

C. . DOCUMENTS CONSIDERED TO BE RELEVANT

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

“E”  earlier application or patent published on or after the intemational filing date

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

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but latetthan the
priority date claimed

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5,761,921 A (HORI et al) 09 June 1998 (09.06.1998), cqlumn 1, line 60 to column 2, line 1-3, 5, §, 8-13, 15, 16
A 0714 1721
Y US 5,136,854 A (ABDELMALEK) 11 August 1992 (11.08.1992), column 4, lines 20-39. 1-3, 5, 6, 8-13, 15,16
A " | 47,14,1721
Y us 7,216,386 B2 (MANOLE et al) 15 May 2007 (15.05.2007), column 1, lines 27-36. : 2:3
\‘{ US 4,285.211 A (CLARK) 25 August 1981 (25.08.1981), column 7, lines 12-62. 11-13
Y US 7,100,380 B2 (BRASZ et al) 05 September 200_6 (05.09.2006), column 3; lines 4-15. 16

IZ] Further documents are listed in the continuation of Box C. . I:I See patent family annex.

* — Special categories of cited documents: “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 stepwhen the document is combined
with one or more other such documents, such combination being
obvious 10 a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search
30 July 2008 (30.07.2008)

liitbof §2Eing of the in'temationa] search report

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Facsimile No. (5§71) 273-3201

Authorized officer

oy

Cheryl J. Tyler
Telephone No. (571) 272-2975

Form PCT/ISA/210 (second sheet) (April 2007)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US07/18958
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category * : Citation of document, with indication, where appropriate, of the relevant passages . Relevant to claim No.

A US 7,353,661 B2 (WANG et al) 08 April 2008 .(08.04.2008), see the entire document. - 1221

Form PCT/ISA/ZIO (continuation of second sheet) (April 2007)




International application No.

INTERNATIONAL SEARCH REPORT_

PCT/US07/18958

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. ‘:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically: :

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows: -

As all required additional search fees.were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of any additional fees.

O O O

As only some of the requfred additional search fees weré timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
' restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-21

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where appliéable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

I:' .No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet(2)) (April 2007)



	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

