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(54) A rankine cycle apparatus

(57) The apparatus comprises:
- a Rankine cycle circuit including at least first heating
means (1.3) for heating a fluid and second heating means
(1.4) for heating the fluid once heated by the first heating
means (1.3); and

- a refrigerating thermal machine circuit, a portion of
which is connected to or forms part of the second heating
means (1.4) for transferring the heat and/or calorific en-
ergy of the fluid circulating therein to the fluid of the Rank-
ine cycle circuit.
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Description

Field of the art

[0001] The present invention generally relates to a
Rankine cycle apparatus comprising a Rankine cycle cir-
cuit and a refrigerating thermal machine circuit, where
the latter is used for heating a fluid circulating through
the Rankine cycle circuit, and more particularly to an ap-
paratus where said heating is an additional heating per-
formed after a main heating.

Prior State of the Art

[0002] JP2012112369 discloses a system for saving
energy in an air conditioner system of a vehicle, where
a heat pump is used for heating fluid circulating through
a Rankine cycle circuit in a heat exchanger. Said heat
exchanger is the only heating device included in the
Rankine cycle circuit.
[0003] US8302399B1 discloses a waste heat recovery
system comprising a Rankine cycle circuit having first
heating means and second heating means, sequentially
arranged between a pump an a turbine. The first heating
means perform a preheating of the fluid coming from the
pump by means of a thermal transfer from the fluid cir-
culating through a plurality of refrigerating cycles, ar-
ranged in parallel branches, in the form of a plurality of
charge air coolers in communication with a plurality of
turbocharger stages.
[0004] JP2008008224 discloses a waste heat man-
agement apparatus of an internal combustion engine,
which comprises a Rankine cycle circuit including first
and second heating means in the form of respective heat
exchangers, where the first of the heat exchangers uses
as heat source for transferring heat to the fluid of the
Rankine cycle a heated fluid used for refrigerating a com-
bustion engine, while the second one uses as heat source
heat of suction air pressurized by supercharger of the
engine, also known as intercooler. None of the heat ex-
changers uses as heat source a refrigerating thermal ma-
chine circuit.
[0005] WO2009107828A1 discloses a Rankine cycle
circuit including a first parallel heat exchanger for heating
a fluid and a second parallel heat exchanger for heating
the fluid once heated by the first parallel heat exchanger,
and a refrigerating thermal machine circuit a portion of
which is connected to a first path of the first parallel heat
exchanger for transferring the heat and/or calorific ener-
gy of the fluid circulating therein to the fluid of the Rankine
cycle circuit which circulates through a second path of
the first parallel heat exchanger.
[0006] The fact of using the refrigerating thermal ma-
chine circuit as a heat source for the first or main heating
means of a Rankine cycle circuit has many drawbacks,
mainly associated to the difficulties found for arranging
and controlling additional elements prior to the first heat-
ing means in the Rankine cycle circuit, such as regener-

ative stages where the control of the temperature of the
fluid tapped from the turbine is a very delicate issue, or
those additional elements affecting directly the first heat-
ing means, as is the case of some reheating cycles pass-
ing there through. Thus, if some regenerating stages
were introduced into the Rankine cycle circuit of
WO2009107828A1, the efficiency achieved by said in-
troduction and the overall performance of the system
would be both low, in comparison with the apparatus of
the present invention, as will be expounded below.
[0007] The present inventor doesn’t know any propos-
al which teaches the use of a refrigerating thermal ma-
chine circuit as a heat source for a second or further
heating means of a Rankine cycle circuit arranged after
a first or main heating means.

Description of the Invention

[0008] It is necessary to offer an alternative to the state
of the art which covers the gaps found therein, by the
provision of a Rankine cycle apparatus more efficient
than the ones known in the state of the art, and which
doesn’t have the drawbacks above indicated with respect
to the apparatuses which use a refrigerating thermal ma-
chine circuit as a heat source for the first or main heating
means of a Rankine cycle circuit.
[0009] To that end, the present invention concerns to
a Rankine cycle apparatus, comprising:

- a Rankine cycle circuit including at least first heating
means for heating a fluid and second heating means
for heating the fluid once heated by the first heating
means; and

- a refrigerating thermal machine circuit, a portion of
which is connected to or forms part of one of said
first and second heating means for transferring the
heat and/or calorific energy of the fluid circulating
therein to the fluid of the Rankine cycle circuit.

[0010] Contrary to the known Rankine cycle appara-
tuses, in the one proposed by the present invention, in a
characteristic manner, said heating means to which said
portion of said refrigerating thermal machine circuit is
connected is said second heating means, the latter being,
therefore, a joint point of both circuits: the Rankine cycle
circuit and the refrigerating thermal machine circuit.
[0011] The performance of any thermodynamic cycle
is mainly dependant on the maximum and minimum tem-
peratures of the cycle, therefore the greater the differ-
ence between these temperatures the greater the per-
formance of the cycle.
[0012] In a conventional Rankine cycle the maximum
temperature of the cycle is obtained in the main heater,
and in a Rankine cycle with pre-heating, such as the one
of WO2009107828A1, the maximum temperature is ob-
tained in the heater which is not joined to the refrigerating
thermal machine, while in one with post-heating by
means of a refrigerating thermal machine, i.e. in the ap-
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paratus of the present invention, the maximum temper-
ature of the cycle is obtained in the second heater, which
is joined to the refrigerating thermal machine.
[0013] Therefore, for the same heat source, if the dif-
ferent types of Rankine cycles are compared, the cycle
in which the maximum temperature is higher is the cycle
with post-heating by means of a refrigerating thermal ma-
chine, i.e. the one of the present invention, thus providing
the highest performance, due also to a good optimization
thereof.
[0014] Moreover, it can be theoretically justified that,
for certain conditions, the performance of a heat engine
is increased if part of the heat source which makes the
engine work is provided by a refrigerating thermal ma-
chine driven by part of the kinetic energy produced by
the heat engine itself. This is the case of the apparatus
of the present invention, with a higher efficiency than that
of the apparatus of WO2009107828A1.
[0015] By using, according to the present invention, a
refrigerating thermal machine circuit as heat source for
the second heating means of the Rankine cycle circuit,
the efficiency of the whole cycle is increased, while the
arrangement and control of additional elements prior or
affecting the first heating means is at least not made more
difficult than in conventional Rankine cycles not using a
refrigerating cycle as a heat source, and much easier
and advantageous than in those apparatuses which use
a refrigerating cycle as a heat source for the first or main
heating means.
[0016] It must be understood that, in the present inven-
tion, the terms second heating means refer to any heating
means arranged after the main heating means of the
Rankine cycle circuit, whatever the number of heating
means included in the Rankine cycle circuit is, i.e. if the
Rankine cycle circuit has, for example, a main heating
means and three further heating means, arranged be-
tween the main heating means and the vapour expander,
the second heating means can be any of said three fur-
ther heating means, or even more than one of them.
[0017] Depending on the embodiment, said refrigerat-
ing thermal machine circuit is a vapour compression cy-
cle circuit or constitutes a heat pump.
[0018] For a preferred embodiment, the apparatus of
the present invention constitutes a heat engine, i.e. an
apparatus that transforms a temperature difference into
kinetic energy, where the latter can be transformed af-
terwards into electrical energy by means of other sys-
tems.
[0019] The industrial applications of the present inven-
tion are of a wide variety, including, for example:

- Recovery of energy from residual heat in different
industrial processes.

- Recovery of heat lost in the exhaust pipes of motor
vehicles.

- As a motor in any kind of thermal centrals, such as:
nuclear centrals, combined-cycle centrals, geother-
mal centrals, thermosolar centrals, etc.

[0020] For an embodiment of the apparatus of the in-
vention, the second heating means comprises a heat ex-
changer having a first path fluidically communicating the
output of the first heating means with the input of at least
one vapour expander (such as a turbine) of the Rankine
cycle, and a second path connected to or constituted by
said portion of the refrigerating thermal machine circuit,
such that the heat and/or calorific energy of the fluid cir-
culating through the second path is transferred to the one
circulating through the first path.
[0021] The heat exchanger can be any of the already
known heat exchangers, although the use of a counter-
flow heat exchanger is preferred.
[0022] According to an embodiment of the invention,
the refrigerating thermal machine circuit has a further use
with respect to the Rankine cycle circuit, particularly re-
lated to the cooling of the fluid circulating between the
vapour expander and the first heating means. To that
end, another portion of the refrigerating thermal machine
circuit is connected to a cooling device, arranged in the
Rankine cycle circuit, in a segment between the vapour
expander and the first heating means, for cooling the fluid
circulating therein.
[0023] For different variants of said embodiment, said
cooling device is arranged previously or after a condens-
er of the Rankine cycle circuit, for providing a two-stage
cooling of the fluid exiting the vapour expander: the one
provided by the cooling device and the one provided by
the condenser itself.
[0024] For a preferred embodiment, the cooling device
is a heat exchanger having a first path connected to or
constituted by said another portion of the refrigerating
thermal machine circuit and a second path constituted
by said segment of the Rankine cycle circuit, such that
the heat and/or calorific energy of the fluid circulating
through the second path is transferred to the one circu-
lating through the first path.
[0025] For some embodiments, the refrigerating ther-
mal machine circuit of the apparatus of the present in-
vention is configured and arranged for refrigerating at
least part of the first heating means and/or of a heating
device of the refrigerating thermal machine circuit.
[0026] According to other embodiments, the Rankine
cycle circuit is a regenerative Rankine cycle circuit or a
Rankine cycle circuit with reheating including two or more
vapour expanders, or a combination thereof.
[0027] If some regenerating stages were introduced
into the Rankine cycle circuit of WO2009107828A1, the
efficiency achieved by said introduction and the overall
performance of the system would be both much lower
than the ones obtained by the apparatus of the present
invention for said embodiment including a regenerative
Rankine cycle circuit.
[0028] Any combination of the elements and arrange-
ments of the Rankine cycle circuit and of the refrigerating
thermal machine circuit described above for some em-
bodiments, can be done for other embodiments, such as,
for example the inclusion in the Rankine cycle circuit of
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regenerative cycles and reheating cycles. Some of the
possible combinations will be described below with ref-
erence to the accompanying drawings.
[0029] The apparatus of the present invention compris-
es, for an embodiment, a plurality of sensors arranged
for detecting at least temperature (and optionally also
other parameters, such as pressure) at different points
of the Rankine cycle circuit and of the refrigerating ther-
mal machine circuit, and control means configured and
arranged for receiving the temperature readings per-
formed by said sensors and for controlling valve devices
and/or the operation of at least some of the elements
(such as the output pressure of pumps or compressors)
of the Rankine cycle circuit and of the refrigerating ther-
mal machine circuit as a function of at least said temper-
ature readings.

Brief Description of the Drawings

[0030] The previous and other advantages and fea-
tures will be more fully understood from the following de-
tailed description of embodiments, with reference to the
attached drawings (some of which have already been
described in the Prior State of the Art section), which
must be considered in an illustrative and non-limiting
manner, in which:

Figure 1 shows the apparatus of the present inven-
tion for an embodiment for which the apparatus com-
prises: 1.1 Vapour compressor, 1.2 Expansion
valve, 1.3 Main heater, 1.4 Second heater, 1.5 Va-
pour turbine, 1.6 Condenser and 1.7 Pump, together
with two respective T-S diagrams for both circuits
included in the apparatus, where T is temperature
and S entropy.
Figure 2 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for another embod-
iment for which the apparatus comprises: 2.1 Vapour
compressor, 2.2 Expansion valve, 2.3 Main heater
of the secondary circuit, 2.4 Main heater of the pri-
mary circuit, 2.5 Second heater, 2.6 Vapour turbine,
2.7 Condenser and 2.8 Pump.
Figure 3 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for another embod-
iment for which the apparatus comprises: 3.1 Vapour
compressor, 3.2 Expansion valve, 3.3 Main heater
of the secondary circuit, 3.4 Main heater of the pri-
mary circuit, 3.5 Second heater, 3.6 Vapour turbine,
3.7 Condenser, 3.8 Low pressure pump and 3.9
Open heater and 3.10 High pressure pump.
Figure 4 shows the apparatus of the present inven-
tion, and the two T-S diagrams, for a further embod-
iment for which the apparatus comprises: 4.1 Vapour
compressor, 4.2 Expansion valve of the primary cir-
cuit, 4.3 Main heater of the secondary circuit, 4.4
Main heater of the primary circuit, 4.5 Second heater,
4.6 Vapour turbine, 4.7 Condenser, 4.8 Expansion
valve of the regenerative circuit, 4.9 Pump and 4.10

Closed heater.
Figure 5 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for an embodiment
for which the apparatus comprises: 5.1 Gas com-
pressor, 5.2 Motor, 5.3 Main heater, 5.4 Second
heater, 5.5 Vapour turbine, 5.6 Condenser and 5.7
Pump.
Figure 6 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for another embod-
iment for which the apparatus comprises: 6.1 Gas
compressor, 6.2 High pressure motor, 6.3 Low pres-
sure motor, 6.4 Main heater, 6.5 Second heater, 6.6
Vapour turbine, 6.7 Condenser and 6.8 Pump.
Figure 7 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for an embodiment
for which the apparatus comprises: 7.1 Gas com-
pressor, 7.2 Motor, 7.3 Main heater, 7.4 Second
heater, 7.5 Vapour turbine, 7.6 Cooler, 7.7 Condens-
er and 7.8 Pump.
Figure 8 shows the apparatus of the present inven-
tion, and the T-S diagrams for the circuits included
therein, for a further embodiment for which the ap-
paratus comprises: 8.1 Gas compressor, 8.2 Motor,
8.3 Main heater, 8.4 Second heater, 8.5 Vapour tur-
bine, 8.6 Condenser, 8.7 Cooler and 8.8 Pump.
Figure 9 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for an embodiment
for which the apparatus comprises: 9.1 Gas com-
pressor, 9.2 Motor, 9.3 Main heater, 9.4 Second
heater, 9.5 Vapour turbine, 9.6 Cooler, 9.7 Condens-
er, 9.8 Expansion valve of the regenerative circuit,
9.9 Pump and 9.10 Closed heater.
Figure 10 shows the apparatus of the present inven-
tion, and the two T-S diagrams, for an embodiment
for which the apparatus comprises: 10.1 Gas com-
pressor, 10.2 Motor, 10.3 Main heater, 10.4 Second
heater, 10.5 High pressure vapour turbine, 10.6 Low
pressure vapour turbine, 10.7 Condenser and 10.8
Pump.
Figure 11 shows the apparatus of the present inven-
tion, and also two T-S diagrams, for an embodiment
for which the apparatus comprises: 11.1 Vapour
compressor, 11.2 Expansion valve, 11.3 Main heater
of the secondary circuit, 11.4 Main heater of the pri-
mary circuit, 11.5 Second heater, 11.6 Vapour tur-
bine, 11.7 Condenser and 11.8 Pump.

Detailed Description of Several Embodiments

[0031] The appended Figures show different arrange-
ments of the Rankine cycle apparatus of the present in-
vention for corresponding different embodiments, all of
them having in common that the apparatus is a heat en-
gine and comprises:

- a Rankine cycle circuit, or primary circuit, depicted
in dotted line, including at least first heating means
or main heater 1.3, 2.4, 3.4, 4.4, 5.3, 6.4, 7.3, 8.3,
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9.3, 10.3, 11.4, such as a vapour generator, for heat-
ing a fluid and second heating means 1.4, 2.5, 3.5,
4.5, 5.4, 6.5, 7.4, 8.4, 9.4, 10.4, 11.5, in the form of
a counter-flow heat exchanger, for heating the fluid
once heated by the first heating means 1.3, 2.4, 3.4,
4.4, 5.3, 6.4, 7.3, 8.3, 9.3, 10.3, 11.4; and

- a refrigerating thermal machine circuit, or secondary
circuit, depicted in solid line, a portion of which is
connected to or forms part of the second heating
means 1.4, 2.5, 3.5, 4.5, 5.4, 6.5, 7.4, 8.4, 9.4, 10.4,
11.5 for transferring the heat and/or calorific energy
of the fluid circulating therein to the fluid of the Rank-
ine cycle circuit.

[0032] Figure 1 shows a basic arrangement of the ap-
paratus of the invention, where there is only one main
heater 1.3 for both circuits, where the secondary circuit
is a vapour compression circuit.
[0033] The apparatus of Figure 1 works as follows:

The description of the operation primary circuit, i.e.
of the Rankine cycle circuit, can be started at point
"a" shown at the left T-S diagram of Figure 1. First,
fluid circulates through pump 1.7 increasing its pres-
sure until point "b". Then, it enters the main heater
1.3 where is heated until point "c". Next, the fluid is
further heated in the second heater 1.4, by entering
in a first path of the illustrated counter-flow heat ex-
changer, until point "d". Then, the fluid goes to the
vapour turbine 1.5 where the heat of the fluid is trans-
formed into mechanical energy, the fluid exiting the
vapour turbine 1.5 at point "e". Finally, in this circuit,
the fluid is introduced into condenser 1.6 where heat
which cannot be further exploited is lost and when
exiting the condenser 1.6 the fluid is again at point
"a".

[0034] Starting the description of the operation of the
secondary circuit, i.e. the refrigerating thermal machine
circuit, at point "i" of the right T-S diagram of Figure 1,
fluid enters into the vapour compressor 2.1 where is com-
pressed increasing thus its temperature and energy, ex-
iting at point "f". Next the fluid enters a second path of
the heat exchanger which constitutes the second heater
1.4 where is cooled until point "g", while heating the first
path of the heat exchanger 1.4, i.e. the fluid of the primary
circuit from "c" to "d". Next, the fluid passes through the
expansion valve 1.2 where it mainly loses pressure and
temperature until point "h", in order to be able to be com-
pressed afterwards. Finally, it enters the main heater 1.3
where the fluid increases its energy without increasing
its temperature as it happens in a phase change, and
when exiting the main heater 1.3 the fluid is again at point
"i".
[0035] In this apparatus, calorific energy is introduced
into the main heater 1.3 and mechanical energy is intro-
duced into the vapour compressor 1.1 and into the pump
1.7, while mechanical energy is extracted from the va-

pour turbine 1.5 and calorific energy is lost at condenser
1.6. Therefore, the performance of the apparatus is cal-
culated as the ratio of the energy extracted from the va-
pour turbine 1.5 to the sum of the energies introduced
into the main heater 1.3, the vapour compressor 1.1 and
the pump 1.7.
[0036] Figure 2 differs from Figure 1 in that in the em-
bodiment of Figure 2 each circuit has its own main heater,
2.4 for the Rankine cycle circuit and 2.3 for the refriger-
ating thermal machine circuit, the overall operation being
the same that for the embodiment of Figure 1.
[0037] Figure 3 differs from Figure 1 in that in the ar-
rangement of Figure 2 the Rankine cycle circuit is a re-
generative Rankine cycle circuit with an open heater 3.9
placed between a low pressure pump 3.8 and a high pres-
sure pump 3.10. Fluid is tapped from an intermediate
temperature point of the turbine 3.6 and introduced into
the open heater 3.9 at point "g", in order to heat fluid
coming from the low pressure pump 3.8 from "b" to "c".
Next the fluid is pumped by high pressure pump 3.10 to
enter the main heater 3.4. The rest of the operation of
the circuits is the same than in Figure 2, corresponding
the points "c", "d", "e" and "f" to "i" of Figure 2 to, respec-
tively, the points "e", "f", "h" and "i" to "l" of Figure 3.
[0038] Regarding Figure 4, it shows an arrangement
of the apparatus of the present invention which is almost
identical to that of Figure 3 but where the regenerative
cycle includes a closed heater 4.10 instead of an open
heater. In this case, fluid is tapped from an intermediate
temperature point of the turbine 4.6 and introduced into
a first path of the closed heater 4.10 at point "f", in order
to heat fluid coming from the pump 4.9 and which circu-
lates, from "b" to "c", through the second path of the heat
exchanger constituting the closed heater 4.10. When ex-
iting the first path of the heat exchanger 4.10 at "g" fluid
passes through an expansion valve 4.8 losing pressure
and temperature until "h", where it enters the condenser
4.7, thus mixing with the fluid coming from "j" into the fluid
outputting the condenser 4.7 at "a". At "c" the fluid enters
the main heater 4.4, being the rest of the operation of the
circuits the same than in Figure 2, corresponding the
points "c", "d", "e" and "f" to "i" of Figure 2 to, respectively,
the points "d", "e", "i" and "j" to "m" of Figure 4.
[0039] The embodiment of the apparatus of the present
invention shown in Figure 5 is very similar to the one of
Figure 1, differing therefrom in that the secondary circuit
is not a vapour compression cycle but a heat pump. The
operation of this circuit is the following:

Starting form point "i", gas enters compressor 5.1
where it increases its pressure, temperature and en-
ergy. Then, at "f", it enters the first path of the heat
exchanger constituting the second heater 5.4, where
gas is cooled while heating the second path of the
heat exchanger 5.4, i.e. the fluid of the Rankine cycle
circuit, from "c" to "d". Next, this gas is introduced
into motor 5.2 in order it loses its heat by its trans-
forming into mechanical energy. Finally, the fluid at
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"h" enters the main heater 5.3 where is heated up to
"i". The operation of the Rankine cycle circuit is the
same than in Figure 1.

[0040] The energetic distribution of the apparatus of
the present invention for the embodiment of Figure 4 is
the following:

Thermal energy is introduced into main heater 5.3
and mechanical energy is introduced into compres-
sor 5.1 and into pump 5.7.

[0041] Mechanical energy is extracted from the vapour
turbine 5.5 and from the motor 5.2, while thermal energy
is lost in the condenser 5.6.
[0042] The performance is, therefore, the ratio be-
tween the sum of the extracted mechanical energy to the
sum of all energy introduced.
[0043] The embodiment of Figure 6 differs from the
one of Figure 5 in that, instead of only one motor, the
secondary circuit includes two motors: a high pressure
motor 6.2 and a low pressure motor 6.3 in a reheating
cycle. I.e., once gas exits the high pressure motor 6.2 at
"h" it enters the main heater 6.4 where is heated until
point "i". Next, instead of going to the compressor 6.1, it
enters the low pressure motor 6.3, where it still loses
more pressure and temperature. Then, gas at "j" passes
again through the main heater 6.4 where is heated again
until point "k", and then it enters gas compressor 6.1. An
increase in the overall performance is thus achieved.
[0044] When observing the right T-S diagram of Figure
5, it can be seen that point "h" has a lower temperature
than the lowest temperature of the primary circuit, as
shown in the left T-S diagram of said Figure. This lower
temperature can be used for cooling the primary circuit
and, thus, improve its performance.
[0045] The arrangement of Figure 7 provides that use,
by taking profit of the mentioned phenomenon, as when
gas exits the motor 7.2 at "i" it is introduced into cooler
7.6, particularly into a first path of the heat exchanger
constituting said cooler 7.6, where said gas is heated
form point "i" until "j", while in the primary circuit the fluid
circulating through the second path of the heat exchanger
7.6 loses energy from point "e" until point "f" where it
enters the condenser 7.7, and then is pumped form "a"
to "b" to enter the main heater 7.3, into which fluid at "j"
also enters.
[0046] The rest of the operation is the same as ex-
plained regarding Figure 5, corresponding the points "f",
"g", "h" and "i" of Figure 5 to, respectively, the points "g",
"h", "i" and "k" of Figure 7.
[0047] The implementation of the apparatus of the
present invention shown in Figure 8 is very similar to the
one of Figure 7, with the difference that the cooler 8.7 is
not arranged after the vapour turbine 8.5 but after the
condenser 8.6 in the primary circuit, which, according to
the left T-S diagram of Figure 8, provides a loss of energy
for the fluid of the primary circuit from "f" to "a".

[0048] Figure 9 shows the apparatus of the present
invention for another embodiment similar to the one of
Figure 7 but with the addition, in the primary circuit, of a
regenerative Rankine circuit with a closed heater 9.10.
[0049] The operation of the circuit can be easily under-
stood from the above description of the arrangement of
Figure 7, regarding the secondary circuit, particularly re-
garding the cooler 9.6 (7.6 in Figure 7), and the arrange-
ment of Figure 4, regarding the primary circuit, particu-
larly regarding the regenerative cycle operation.
[0050] Points "f" to "k" of Figure 7 correspond to, re-
spectively, points "j" to "o" of Figure 9, while points "a" to
"i" of Figure 4 correspond to points "a" to "i" of Figure 9.
[0051] Regarding the arrangement of Figure 10, this
one differs from the arrangement of Figure 5 in that the
Rankine cycle circuit includes two vapour turbines 10.5
and 10.6, and the heat exchanger 10.4 comprises a third
path (which is also heated by heat and/or calorific energy
transfer from the fluid of the secondary circuit circulating
from "i" to "j") fluidically communicating a further output
of the main heater 10.3, at "c", with the input of the high
pressure vapour expander 10.5, at "d", the latter having
an output connected to an intermediate temperature in-
put of the main heater 10.3, at "e", where the fluid is
heated again exiting at "f", then being further heated in
the heat exchanger 10.4, exiting at "g", and then entering
the low pressure vapour turbine 10.6.
[0052] With this arrangement, mechanical energy is
extracted, at the Rankine cycle circuit, from two vapour
turbines, although the temperature of the fluid entering
the vapour turbines 10.5 and 10.6 is lower than the one
of the fluid entering vapour turbine 5.5, thus the mechan-
ical energy obtained is lower than the one obtained with
the vapour turbine 5.5 of the arrangement of Figure 5.
[0053] Points "f" to "i" of Figure 5 correspond to, re-
spectively, points "i" to "l" of Figure 10, while points "a"
to "i" of Figure 4 correspond to points "a" to "d" and "e"
of Figure 5 correspond to, respectively, points "a" to "d"
and "h" of Figure 10, although with different temperature
values
[0054] Figure 11 shows an arrangement of the appa-
ratus of the present invention almost identical to the one
of Figure 2, but with the difference that in this case the
main heater of the secondary circuit 11.3 is refrigerated
with environment air.
[0055] As stated in a previous section, any other com-
bination of the elements and arrangements of the Rank-
ine cycle circuit and of the refrigerating thermal machine
circuit shown in the appended Figures can be done for
other embodiments (not illustrated) of the apparatus of
the present invention, such as, for example, the inclusion
in the Rankine cycle circuit of regenerative cycles (with
open or closed heaters) and/or reheating cycles, of any
number of vapour turbines and of coolers taking profit of
the fluid of the secondary circuit, and/or the use, in the
refrigerating circuit, of common main heaters with the
Rankine circuit or of independent heaters, and/or its con-
stitution as heat pump or as a vapour compression cycle,

9 10 
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etc.
[0056] Therefore, a person skilled in the art could in-
troduce changes and modifications in the embodiments
described without departing from the scope of the inven-
tion as it is defined in the attached claims.

Claims

1. A Rankine cycle apparatus, comprising:

- a Rankine cycle circuit including at least first
heating means (1.3, 2.4, 3.4, 4.4, 5.3, 6.4, 7.3,
8.3, 9.3, 10.3, 11.4) for heating a fluid and sec-
ond heating means (1.4, 2.5, 3.5, 4.5, 5.4, 6.5,
7.4, 8.4, 9.4, 10.4, 11.5) for heating the fluid once
heated by the first heating means (1.3, 2.4, 3.4,
4.4, 5.3, 6.4, 7.3, 8.3, 9.3, 10.3, 11.4); and
- a refrigerating thermal machine circuit, a por-
tion of which is connected to or forms part of one
of said first (1.3, 2.4, 3.4, 4.4, 5.3, 6.4, 7.3, 8.3,
9.3, 10.3, 11.4) and second (1.4, 2.5, 3.5, 4.5,
5.4, 6.5, 7.4, 8.4, 9.4, 10.4, 11.5) heating means
for transferring the heat and/or calorific energy
of the fluid circulating therein to the fluid of the
Rankine cycle circuit;
wherein the apparatus is characterised in that
said heating means to which said portion of said
refrigerating thermal machine circuit is connect-
ed is said second heating means (1.4, 2.5, 3.5,
4.5, 5.4, 6.5, 7.4, 8.4, 9.4, 10.4, 11.5).

2. The apparatus of claim 1, wherein it constitutes a
heat engine.

3. The apparatus of claim 1 or 2, wherein said second
heating means (1.4, 2.5, 3.5, 4.5, 5.4, 6.5, 7.4, 8.4,
9.4, 10.4, 11.5) comprises a heat exchanger having
a first path fluidically communicating the output of
said first heating means (1.3, 2.4, 3.4, 4.4, 5.3, 6.4,
7.3, 8.3, 9.3, 10.3, 11.4) with the input of at least one
vapour expander (1.5, 2.6, 3.6, 4.6, 5.5, 6.6, 7.5, 8.5,
9.5, 10.5, 10.6, 11.6) of the Rankine cycle, and a
second path connected to or constituted by said por-
tion of the refrigerating thermal machine circuit, such
that the heat and/or calorific energy of the fluid cir-
culating through the second path is transferred to
the one circulating through the first path.

4. The apparatus of claim 3, wherein said vapour ex-
pander (1.5, 2.6, 3.6, 4.6, 5.5, 6.6, 7.5, 8.5, 9.5, 10.5,
10.6, 11.6) is a turbine.

5. The apparatus of any of claims 3 or 4, wherein an-
other portion of said refrigerating thermal machine
circuit is connected to a cooling device (7.6, 8.7),
arranged in said Rankine cycle circuit, in a segment
between said vapour expander (7.5, 8.5) and said

first heating means (7.3, 8.3), for cooling the fluid
circulating therein.

6. The apparatus of claim 5, wherein said cooling de-
vice (7.6, 8.7) is arranged previously or after a con-
denser (7.7, 8.6) of the Rankine cycle circuit, for pro-
viding a two-stage cooling of the fluid exiting the va-
pour expander (7.5, 8.5).

7. The apparatus of claim 5 or 6, wherein said cooling
device (7.6, 8.7) is a heat exchanger having a first
path connected to or constituted by said another por-
tion of the refrigerating thermal machine circuit and
a second path constituted by said segment of the
Rankine cycle circuit, such that the heat and/or cal-
orific energy of the fluid circulating through the sec-
ond path is transferred to the one circulating through
the first path.

8. The apparatus of any of the previous claims, wherein
said refrigerating thermal machine circuit is a vapour
compression cycle circuit or constitutes a heat pump.

9. The apparatus of any of any of the previous claims,
wherein said refrigerating thermal machine circuit is
configured and arranged for refrigerating at least part
of said first heating means (1.3, 2.4, 3.4, 4.4, 5.3,
6.4, 7.3, 8.3, 9.3, 10.3, 11.4) and/or of a heating de-
vice (2.3, 3.3, 4.3, 11.3) of the refrigerating thermal
machine circuit.

10. The apparatus of any of the previous claims, wherein
said Rankine cycle circuit is a regenerative Rankine
cycle circuit or a Rankine cycle circuit with reheating
including two or more vapour expanders (10.6, 10.5),
or a combination thereof.

11. The apparatus of any of the previous claims, com-
prising a plurality of sensors arranged for detecting
at least temperature at different points of the Rankine
cycle circuit and of the refrigerating thermal machine
circuit, and control means configured and arranged
for receiving the temperature readings performed by
said sensors and for controlling valve devices and/or
the operation of at least some of the elements of the
Rankine cycle circuit and of the refrigerating thermal
machine circuit as a function of said temperature
readings.
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