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Description
Background of the Invention
Field of the Invention

[0001] The presentinvention relatestoasupercharged
air cooling unit.

Background Art

[0002] Conventionally, there are known supercharged
air cooling units for cooling supercharged air to be sup-
plied to an engine of a vessel or the like. JP 2015200181
A discloses an example of such a supercharged air cool-
ing unit that includes a suction line connecting an engine
and a supercharger, a waste heat recovery device for
obtaining thermal energy of supercharged air passing
through the suction line, and a gas cooler for cooling the
supercharged air passing through the suction line.
[0003] In JP 2015200181 A, the waste heat recovery
device includes a heater for heating working medium, an
expander for receiving working medium flowing out of
the heater, and a power obtaining section connected to
the expander. The waste heat recovery device performs
heat exchange between the supercharged air passing
through a part of the air supply line and the working me-
dium in the heater to thereby evaporate the working me-
dium while cooling the supercharged air, and causes the
evaporated working medium to flow into the expander so
that thermal energy is obtained by the power obtaining
section.

[0004] Further, in JP 2015 200181 A, the gas cooler
lies downstream of the heater of the waste heat recovery
device in a flowing direction of the supercharged air, and
performs heat exchange between supercharged air
passing through a part of the air supply line that is pro-
vided in the gas cooler and cooling medium, to thereby
further cool the supercharged air.

[0005] In JP 2015 200181 A, the supercharged air is
cooled by the heater of the waste heat recovery device
and the gas cooler, which makes it possible to cool the
supercharged air even when a fault occurs in one of the
heater and the gas cooler. However, because the heater
and the gas cooler are separately provided, it is neces-
sary to secure a large installation space between the su-
percharger and the engine. This may lead to an increase
in the entire size of the supercharged air cooling unit.
[0006] US 2015/285103 A1 discloses a waste heat re-
covery system according to the preamble of claim 1. A
further waste heat recovery device is disclosed by JP
2013 167241 A.

Summary of the Invention
[0007] An object of the present invention is to provide

a supercharged air cooling unit that allows a compact
design.
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[0008] Thisobjectis solved by a supercharged air cool-
ing unit according to claim 1.
[0009] These and other objects, features and advan-
tages of the presentinvention will become more apparent
uponreading the following detailed description along with
the accompanying drawings.

Brief Description of the Drawings
[0010]

FIG. 1 is a schematic configuration diagram of a su-
percharged air cooling unit according to a first em-
bodiment.

FIG. 2 is a plan view showing a schematic configu-
ration of a cooler of the supercharged air cooling unit
according to the first embodiment.

FIG. 3 is a flowchart diagram showing operation
steps of the supercharged air cooling unit according
to the first embodiment.

FIG. 4 is a plan view showing a schematic configu-
ration of a cooler of a supercharged air cooling unit
according to a second embodiment.

FIG. 5 is a schematic configuration diagram of a su-
percharged air cooling unit according to a third em-
bodiment.

Detailed Description of the Preferred Embodiments
of the Invention

[0011] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. It should be noted that the drawings referred
to hereinafter show, for the purpose of explanation, sim-
plified essential portions of a configuration that are nec-
essary for describing a supercharged air cooling unit X1
according to each embodiment of the present invention.
Therefore, the supercharged air cooling unit X1 accord-
ing to each embodiment of the present invention may
include any configuration elements not shown in the
drawings referred to in the present specification.

(First Embodiment)

[0012] As shown in FIG. 1, a supercharged air cooling
unit X1 according to a first embodiment is provided for
cooling supercharged air that is supplied from a super-
charger 1 to an engine 2. In the first embodiment, the
supercharged air cooling unit X1 is mounted on a vessel
that travels by the power of the engine 2. Specifically,
the supercharged air cooling unit X1 according to the first
embodiment includes a cooler 5, an energy recovery de-
vice 6, a condenser 7, a cooling device 8, a detection
sensor 9, and a controller 10, and these components are
mounted on the vessel with the supercharger 1, the en-
gine 2, a scavenging line 3, and an exhaust line 4.

[0013] Hereinafter, the supercharger 1, the engine 2,
the scavenging line 3, the exhaust line 4, the cooler 5,
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the energy recovery device 6, the condenser 7, the cool-
ing device 8, the detection sensor 9, and the controller
10 mounted on the vessel will be specifically described
with reference to FIG. 1.

[0014] The supercharger 1 includes a compressor 11
and a turbine 12. The compressor 11 and the turbine 12
are connected to each other via a shaft. The compressor
11 is connected to the engine 2 via the scavenging line
3, and the turbine 12 is connected to the engine 2 via the
exhaust line 4.

[0015] Air having been supplied to the compressor 11
is compressed in the compressor 11 to become super-
charged air, and the supercharged air is supplied to the
engine 2 through the scavenging line 3. Consequently,
the engine 2 is driven to run the vessel mounted with the
engine 2. At this time, exhaust gas having been gener-
ated in the engine 2 is sent to the turbine 12 through the
exhaust line 4. The turbine 12 is driven by expansion
energy of the exhaust gas, and the compressor 11 is
driven by driving force of the turbine 12. Exhaust gas
having passed through the turbine 12 is discharged to
the outside of the turbine 12.

[0016] Here, the scavenging line 3 for supplying the
supercharged air from the compressor 11 to the engine
2 includes a first portion 31, a second portion 32, and a
third portion 33.

[0017] The first portion 31 receives the supercharged
air flowing from the compressor 11, and lies upstream of
the cooler 5 in a flowing direction of the supercharged
air. The second portion 32 is provided in the cooler 5 and
joins a downstream end of the first portion 31 in the su-
percharged air flowing direction. In other words, the sec-
ond portion 32 corresponds to "an air supply conduit" for
allowing the supercharged air being supplied from the
supercharger 1 to the engine to flow therethrough. The
third portion 33 introduces supercharged air flowing out
of the second portion 32 into the engine 2, and connects
a downstream end of the second portion 32 in the super-
charged air flowing direction to the engine 2.

[0018] The supercharged air having been generated
in the supercharger 1 is cooled to a predetermined tem-
perature in the cooler 5 in the course of passage through
the scavenging line 3, i.e. the first portion 31, the second
portion 32, and the third portion 33 in this order, and then
supplied to the engine 2. A specific configuration of the
cooler 5 will be described later.

[0019] The energy recovery device 6 is in the form of
a power generation system using Rankine cycle of work-
ing medium. An example of the working medium for use
in the energy recovery device 6 is an organic fluid having
a lower boiling point than water, such as R245fa.
[0020] The energy recovery device 6 includes a pump
61, a first cooling section 62, an expander 63, a power
obtaining section 64, a condensing section 65, and a cir-
culation pipe 66. The pump 61, the first cooling section
62, the expander 63, and the condensing section 65 are
connected via the circulation pipe 66 so that the working
medium circulates in this order. Specifically, the pump
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61 and the first cooling section 62 are connected to each
other via a first pipe 66a of the circulation pipe 66. The
first cooling section 62 and the expander 63 are connect-
ed to each other via a second pipe 66b of the circulation
pipe 66. The expander 63 and the condensing section
65 are connected to each other via a third pipe 66¢ of
the circulation pipe 66. The condensing section 65 and
the pump 61 are connected to each other via a fourth
pipe 66d of the circulation pipe 66.

[0021] The pump 61 pressurizes the working medium
so that the working medium circulates through the circu-
lation pipe 66. The pump 61 joins the first pipe 66a for
pressure-feeding the working medium so as to allow the
working medium to flow into the first cooling section 62
through the first pipe 66a. Examples of the pump 61 in-
clude a centrifugal pump having a rotor in the form of an
impeller and a gear pump having rotors in the form of a
pair of gears.

[0022] The first cooling section 62 performs heat ex-
change between supercharged air being supplied from
the supercharger 1 to the engine 2 and working medium
flowing in the first cooling section 62 to thereby evaporate
the working medium while cooling the supercharged air.
The first cooling section 62 lies downstream of the pump
61 in a flowing direction of the working medium. The first
pipe 66a connects the first cooling section 62 and the
pump 61 for allowing the working medium that is in the
form of liquid and pressure-fed by the pump 61 to flow
into the first cooling section 62. The first cooling section
62 is provided in the cooler 5, similarly to the second
portion 32 of the scavenging line 3. Specifically, the first
cooling section 62 is provided in the cooler 5 in such a
way as to be able to cool supercharged air flowing
through the second portion 32 of the scavenging line 3.
Consequently, in the supercharged air cooling unit X1,
heat exchange is performed between the working medi-
um in the form of liquid and the supercharged air in the
cooler 5, which allows evaporation of the working medi-
um and cooling of the supercharged air.

[0023] The expander 63 lies downstream of the first
cooling section 62 in the working medium flowing direc-
tion. The second piper 66b connects the expander 63
and the first cooling section 62 for allowing the working
medium vaporized into gas in the first cooling section 62
to flow into the expander 63. In the present embodiment,
a screw expander is used as the expander 63, in which
a rotor in the form of a screw is rotationally driven by
expansion energy of the gaseous working medium. It
should be noted that the expander 63 is not necessarily
provided in the form of a screw expander, and an ex-
pander of centrifugal type, or an expander of scroll type
may alternatively be used.

[0024] The power obtaining section 64 is connected to
the expander 63. The power obtaining section 64 obtains
power by means of the rotor rotationally driven by the
expansion energy of the gaseous working medium. Con-
sequently, the energy recovery device 6 obtains power
by converting thermal energy of the supercharged air into
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electrical energy.

[0025] The condensing section 65 lies downstream of
the expander 63 in the working medium flowing direction.
The third pipe 66¢ connects the expander 63 and the
condensing section 65 for allowing gaseous working me-
dium flowing out of the expander 63 to flow into the con-
densing section 65.

[0026] Here, the condensing section 65 is provided in
the condenser 7. The condenser 7 is provided for con-
densing the gaseous working medium to thereby convert
it back into liquid form. The condenser 7 performs heat
exchange between the gaseous working medium flowing
in the condensing section 65 from the expander 63 and
cooling medium described later to thereby condense the
working medium flowing through the condensing section
65. The working medium having been condensed in the
condensing section 65 flows into the pump 61 through
the fourth pipe 66d to be delivered to the first cooling
section 62 again.

[0027] The cooling device 8 is provided separately
from the energy recovery device 6 for cooling the super-
chargedair. The cooling device 8 cools the supercharged
air by means of the cooling medium, unlike the energy
recovery device 6 that cools the supercharged air by
means of the working medium. In the present embodi-
ment, the supercharged air cooling unit X1 is mounted
on the vessel, which makes it possible to use seawater
as the cooling medium.

[0028] The cooling device 8 includes a supply flow
channel 81, afirstflow channel 82, a second flow channel
83, a flow rate regulator 84, and pumps 85 and 86.
[0029] The supply flow channel 81 connects with a sup-
ply source of the cooling medium.

[0030] The first flow channel 82 joins a downstream
end of the supply flow channel 81 in a flowing direction
of the cooling medium via the flow rate regulator 84. The
first flow channel 82 includes an upstream portion 82a,
a second cooling section 82b, and a downstream portion
82c.

[0031] The upstream portion 82a connects the supply
flow channel 81 and the second cooling section 82b. The
pump 85 is attached to the upstream portion 82a. Cooling
medium flowing in the upstream portion 82a via the flow
rate regulator 84 is pressure-fed to the second cooling
section 82b by the pump 85.

[0032] The second cooling section 82b performs heat
exchange between the supercharged air being supplied
from the supercharger 1 to the engine 2 and the cooling
medium flowing in the second cooling section 82b to
thereby cool the supercharged air. The second cooling
section 82b connects the upstream portion 82a and the
downstream portion 82c. The second cooling section 82b
is provided in the cooler 5, similarly to the second portion
32 of the scavenging line 3 and the first cooling section
62 of the energy recovery device 6. Specifically, the sec-
ond cooling section 82b is provided in the cooler 5 in such
a way as to be able to cool the supercharged air flowing
through the second portion 32 of the scavenging line 3
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by the cooling medium flowing through the second cool-
ing section 82b. Consequently, the supercharged air
cooling unit X1 can cool the supercharged air by the heat
exchange between the supercharged air and the working
medium and also by the heat exchange between the su-
percharged air and the cooling medium in the cooler 5.
[0033] The downstream portion 82c joins a down-
stream end of the second cooling section 82b in the cool-
ing medium flowing direction. Cooling medium flowing
out of the second cooling section 82b is discharged to
the outside of the cooling device 8 through the down-
stream portion 82c.

[0034] The second flow channel 83 branches from the
first flow channel 82 and joins the downstream end of the
supply flow channel 81 in the cooling medium flowing
direction via the flow rate regulator 84. The second flow
channel 83 includes an upstream portion 83a, a third
cooling section 83b, and a downstream portion 83c.
[0035] The upstream portion 83a connects the supply
flow channel 81 and the third cooling section 83b. Apump
86 is attached to the upstream portion 83a. Cooling me-
dium flowing in the upstream portion 83a from the supply
flow channel 81 via the flow rate regulator 84 is pressure-
fed to the third cooling section 83b by the pump 86.
[0036] The third cooling section 83b connects the up-
stream portion 83a and the downstream portion 83c. The
third cooling section 83b is provided in the condenser 7,
similarly to the condensing section 65 of the energy re-
covery device 6. Specifically, the third cooling section
83b is provided in the condenser 7 in such a way as to
be able to condense the working medium flowing through
the condensing section 65. Consequently, the super-
charged air cooling unit X1 can condense the working
medium by performing heat exchange between the work-
ing medium and the cooling medium in the condenser 7.
[0037] The downstream portion 83c joins a down-
stream end of the third cooling section 83b in the cooling
medium flowing direction. Cooling medium flowing out of
the third cooling section 83b is discharged to the outside
of the cooling device 8 through the downstream portion
83c.

[0038] The flow rate regulator 84 is in the form of a
valve, and operable to adjust a first flow rate F, thatis a
flow rate of a flow rate of cooling medium flowing through
the first flow channel 82 and a second flow rate F, that
is a flow rate of cooling medium flowing through the sec-
ond flow channel 83. In the present embodiment, the flow
rate regulator 84 is in the form of a three-way valve such
as three-way electromagnetic valve or three-way motor
operated valve. The cooling device 8 can adjust a ratio
between the first flow rate F4 and the second flow rate
F, of cooling medium to be supplied to the second and
third flow channels 82 and 83 from the supply source
through the supply flow channel 81, by adjusting the valve
opening degree of the flow rate regulator 84 with respect
to each of the flow channels 82 and 83.

[0039] Here, the cooler 5, which includes the second
portion 32 of the scavenging line 3, the first cooling sec-
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tion 62 of the energy recovery device 6, and the second
cooling section 82b of the cooling device 8 will be spe-
cifically described with reference to FIG. 2.

[0040] FIG. 2 is a schematic top view of the cooler 5,
which shows the first cooling section 62 and the second
cooling section 82b disposed in an internal space S1 by
solid line for the descriptive purpose. As shown in FIG.
2, in the present embodiment, the cooler 5 is in the form
of a shell and tube type heat exchanger. The cooler 5
includes a single casing 51, the first cooling section 62,
and the second cooling section 82b.

[0041] The casing 51 defines the internal space S1.
The internal space S1 corresponds to the second portion
32 of the scavenging line 3, i.e. the air supply conduit.
Thus, the supercharged air having been pressure-fed by
the compressor 11 flows into the internal space S1 of the
casing 51 through the first portion 31 to be cooled by at
least one of the first cooling section 62 and the second
cooling section 82b in the internal space S1, and then
flows out from the internal space S1 to the third portion
33. In the present embodiment, the casing 51 has a rec-
tangular shape.

[0042] The first cooling section 62 is provided in the
internal space S1 of the casing 51. The first cooling sec-
tion 62 includes a working medium inlet header 62a, a
working medium outlet header 62b, and a plurality of
branching flow channels 62c.

[0043] The working medium inlet header 62a and the
working medium outlet header 62b are aligned at a dis-
tance from each other in a flowing direction of the super-
charged air in the internal space S1. The supercharged
air flowing direction in the internal space S1 refers to a
direction in which the supercharged air flows from the
inlet to the outlet of the cooler 5. Each of the plurality of
branching flow channels 62c extends in the super-
charged air flowing direction in such a way as to connect
the working medium inlet header 62a and the working
medium outlet header 62b. The working medium having
been pressure-fed by the pump 61 of the energy recovery
device 6 flows into each branching flow channel 62c in
the internal space S1 from the first pipe 66a through the
working medium inlet header 62a to flow through the
branching flow channels 62c in a direction substantially
parallel to the supercharged air flowing direction, and
flows out to the second pipe 66b through the working
medium outlet header 62b.

[0044] The second cooling section 82b is provided in
the internal space S1 of the casing 51. The second cool-
ing section 82b includes a cooling medium inlet header
82d, a cooling medium outlet header 82e, and a plurality
of branching flow channels 82f. The second cooling sec-
tion 82b is disposed adjacent to the first cooling section
62 in a horizontal direction (in the present embodiment,
a horizontal direction that perpendicularly intersects the
supercharged air flowing direction). In other words, the
first cooling section 62 and the second cooling section
82b are arranged such that they do not overlap with each
other in a vertical direction.
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[0045] The cooling medium inlet header 82d and the
cooling medium outlet header 82e are aligned at a dis-
tance from each other in the supercharged air flowing
direction in the internal space S1. Each of the plurality of
branching flow channels 82f extends in the supercharged
air flowing direction in such a way as to connect the cool-
ing medium inlet header 82d and the cooling medium
outlet header 82e. The cooling medium flowing in the
upstream portion 82a of the first flow channel 82 through
the supply flow channel 81 flows into each branching flow
channel 82f in the internal space S1 through the cooling
medium inflow header 82d to flow through the branching
flow channels 82f in a direction substantially parallel to
the supercharged air flowing direction, and flows out to
the downstream portion 82c through the cooling medium
outlet header 82e.

[0046] In this manner, in the present embodiment, the
cooler 5is provided with the single casing 51, the internal
space S1 (the second portion 32 of the scavenging line
3) for allowing passage of the supercharged air, the first
cooling section 62 for allowing passage of the working
medium, and the second cooling section 82b for allowing
passage of the cooling medium. Heat exchange is per-
formed between the supercharged air passing through
the internal space S1 and at least one of the working
medium passing through each branching flow channel
62c of the first cooling section 62 and the cooling medium
passing through each branching flow channel 82f of the
second cooling section 82b, so that the supercharged air
passing through the internal space S1 is cooled. There-
fore, both the cooling of the supercharged air by means
of the working medium and the cooling of the super-
charged air by means of the cooling medium can be re-
alized in the single casing 51.

[0047] The detection sensor 9 is attached to the third
portion 33 of the scavenging line 3. The detection sensor
9 can detect a temperature T of supercharged air having
been cooled by the first cooling section 62 and/or the
second cooling section 82b in the cooler 5 and before
flowing into the engine 2. A signal corresponding to the
temperature T detected by the detection sensor 9 is sent
to the controller 10 described later.

[0048] The controller 10 includes, for example, an un-
illustrated Micro Processing Unit (MPU) having a CPU,
ROM, and RAM and the like, and executes programs
stored in the ROM to thereby perform various controls
described below. It should be noted that FIG. 1 shows
the controller 10 in the form of a single rectangular com-
ponent, but means for realizing the functions of the con-
troller 10 can be in any form, and therefore, all the func-
tions of the controller 10 are not necessarily performed
by a single constituent element.

[0049] The controller 10 controls the energy recovery
device 6 and the cooling device 8. The controller 10 func-
tionally includes an energy recovery device control por-
tion for controlling the driving of, for example, the pump
61 of the energy recovery device 6, a flow rate regulator
control portion for controlling the valve opening degree
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of the flow rate regulator 84, a determination portion for
making determination based on the signal corresponding
to the temperature T received from the detection sensor
9, and a storage portion for storing various types of in-
formation.

[0050] The storage portion of the controller 10 stores
first and second flow rate ratios P, and P, that are infor-
mation relating to the flow rate ratio between the first flow
rate F4 and the second flow rate F,, and an upper limit
temperature value T, that is information relating to the
upper limit temperature of the supercharged air flowing
into the engine 2. The first flow rate ratio P, is set such
that the second flow rate F, is higher than the first flow
rate F4. The second flow rate ratio P, is set such that the
first flow rate F is higher than the second flow rate F».
In the present embodiment, the first flow rate ratio P is
set as "the first flow rate F: the second flow rate F, = 1 :
9", and the second flow rate ratio P, is set as "the first
flow rate F: the second flow rate F, =9 : 1",

[0051] Upon start of driving of the energy recovery de-
vice 6 by the energy recovery device control portion, the
flow rate regulator control portion of the controller 10 con-
trols the flow rate regulator 84 to render the ratio between
the first flow rate F, and the second flow rate F, be the
first flow rate ratio P,. Further, the flow rate regulator
control portion of the controller 10 controls the flow rate
regulator 84 to render the ratio between the first flow rate
F, and the second flow rate F, be the second flow rate
ratio P, based on a determination result by the determi-
nation portion.

[0052] The determination portion of the controller 10
receives the temperature information from the detection
sensor 9, and compares the received temperature infor-
mation with the upper limit temperature value T, to de-
termine whether the temperature of supercharged air
having been cooled in the cooler 5 is equal to or greater
than the upper limit temperature value T,.

[0053] Now, operational steps of the supercharged air
cooling unit X1 will be described with reference to a flow-
chart diagram shown in FIG. 3.

[0054] At the start of operation shown in FIG. 3, the
energy recovery device 6 is in an undriven state, and the
cooling medium is supplied to the second and third flow
channels 82 and 83 in a state that the flow rate regulator
84 is controlled to render the ratio between the first flow
rate F4 and the second flow rate F, be the second flow
rate ratio P,. In other words, when the energy recovery
device 6 is in an undriven state, the cooling medium flow-
ing from the supply source to the supply channel 81 is
mainly supplied to the first flow channel 82, so that the
supercharged air is mainly cooled by the second cooling
section 82b in the cooler 5.

[0055] A driving start button of the energy recovery de-
vice 6 is pushed by an operator of the supercharged air
cooling unit X1 to send a start signal to the energy re-
covery device control portion of the controller 10. Upon
receipt of the start signal from the driving start button,
the energy recovery device control portion controls the
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pump 61 and the expander 63 to drive the pump 61 and
the expander 63 of the energy recovery device 6. Con-
sequently, the energy recovery device 6 starts operating
(step ST1).

[0056] After the energy recovery device 6 is caused to
operate atstep ST1, the flow rate regulator control portion
of the controller 10 controls the valve opening degree of
the flow rate regulator 84 to change the ratio between
the first flow rate F; and the second flow rate F, from the
second flow rate ratio P, to the first flow rate ratio P,
based on the first flow rate ratio P, stored in the storage
portion (step ST2). Consequently, the cooling medium
flowing from the supply source to the supply channel 81
is mainly supplied to the second flow channel 83, so that
the supercharged airis mainly performed by the first cool-
ing section 62 in the cooler 5.

[0057] After the ratio between the first flow rate F; and
the second flow rate F, is adjusted to the first flow rate
ratio P, at step ST2, the determination portion of the con-
troller 10 compares, based on a signal received from the
detection sensor 9, a temperature T and the upper limit
temperature value T, stored in the storage portion to de-
termine whether the temperature T is equal to or greater
than T, (step ST3).

[0058] When the determination portion of the controller
10 determins that the temperature T is not equal to or
greater than T, (NO at step ST3), the controller 10 main-
tains a current valve opening degree of the flow rate reg-
ulator 84 and the determination portion repeatedly per-
forms determination.

[0059] Onthe other hand, when the determination por-
tion of the controller 10 determines that T is equal to or
greater than T4 (YES at step ST3), it is likely that the
cooling of supercharged air is not performed normally in
the cooler 5 due to a fault in the energy recovery device
6. Therefore, the section that mainly cools the super-
charged airinthe cooler 5is changed from the first cooling
section 62 of the energy recovery device 6 to the second
cooling section 82b of the cooling device 8. Specifically,
when it is determined YES at step ST3, the flow rate
regulator control portion of the controller 10 controls the
valve opening degree of the flow rate regulator 84 to
change the ratio between the first flow rate F; and the
second flow rate F, from the first flow rate ratio P, to the
second flow rate ratio P, based on the second flow rate
ratio P, stored in the storage portion (step ST4). Conse-
quently, the cooling medium flowing from the supply
source to the supply flow channel 81 is mainly supplied
to the first flow channel 82, so that the supercharged air
is mainly cooled by the second cooling section 82b in the
cooler 5.

[0060] As described above, in the supercharged air
cooling unit X1 according to the present embodiment,
the first cooling section 62 of the energy recovery device
6 and the second cooling section 82b of the cooling de-
vice 8 constitute the single cooler 5. Therefore, it is pos-
sible to cool the supercharged air both by the heat ex-
change between the working medium of the energy re-
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covery device 6 and the supercharged air and by the heat
exchange between the cooling medium of the cooling
device 8 and the supercharged air by the single cooler
5. In this manner, the cooling of the supercharged air by
means of the working medium and the cooling of the su-
percharged air by means of the cooling medium are per-
formed in the single cooler 5 in the above-described su-
percharged air cooling unit X1, which allows a compact
design as compared with a case where the cooling by
means of the working medium and the cooling by means
ofthe cooling medium are performed respectively by sep-
arate two coolers.

[0061] Further, in the supercharged air cooling unit X1
according to the present embodiment, the cooling device
8 includes the first flow channel 82 and the second flow
channel 83 branching separately from the supply flow
channel 81. This makes it possible to supply the cooling
medium from the single supply source to the second cool-
ing section 82b and the third cooling section 83b through
the first and second flow channels 82 and 83, respec-
tively, to thereby realize both the cooling of the super-
charged air and the condensation of the working medium
while simplifying the configuration of the supercharged
air cooling unit X1.

[0062] Further, in the supercharged air cooling unit X1
according to the present embodiment, the first cooling
section 62 and the second cooling section 82b are
aligned in the horizontal direction. This allows reduction
in height of the cooler 5 as compared with a case where
the first cooling section 62 and the second cooling section
82b are aligned in the vertical direction, which makes it
possible to mount the cooler 5 on a small vessel or the
like having a small space in the vertical direction.
[0063] Further, in the supercharged air cooling unit X1
according to the present embodiment, the controller 10
controls the flow rate regulator 84 based on the informa-
tionreceived from the detection sensor 9, the information
relating to the temperature of the supercharged air. This
makes it possible to reliably cool the supercharged air
even when a fault occurs in the energy recovery device
6, specifically as follows.

[0064] When the energy recovery device 6 is in a nor-
mal condition of operating normally, the controller 10 con-
trols the flow rate regulator 84 such that the ratio between
the first flow rate F4 and the second flow rate F, is ad-
justed to the first flow rate ratio P, in order to render the
first flow rate F, lower than the second flow rate F,. Con-
sequently, when the energy recovery device 6 is in the
normal condition of operating normally, the super-
charged air is mainly cooled by the first cooling section
62 in the cooler 5. Here, the detection sensor 9 detects
the information relating to the temperature T of super-
charged air having been cooled in the cooler 5, and the
controller 10 receives the information detected by the
detection sensor 9. This allows the controller 10 to de-
termine based on the received information whether the
temperature T of supercharged air flowing into the engine
is equal to or greater than the upper limit temperature
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value T,. The controller 10, when determining that the
temperature T is equal to or greater than the upper limit
temperature value T4, determines that a fault occurs in
the energy recovery device 6, and controls the flow rate
regulator 84 to render the ratio between the first flow rate
F, and the second flow rate F, be the second flow rate
ratio P, so that the first flow rate F, is higher than the
second flow rate F,. Therefore, in the supercharged air
cooling unit X1, it is possible to cool the supercharged
air mainly by the first cooling section 62 when the energy
recovery device 6 operates normally, and cool the su-
percharged air mainly by the second cooling section 82b
when a fault occurs in the energy recovery device 6.
[0065] Further, in the supercharged air cooling unit X1
according to the present embodiment, the controller 10
controls the flow rate regulator 84 to render the ratio be-
tween the first flow rate F; and the second flow rate F,
be the first flow rate P, in response to the start signal
for starting operation of the energy recovery device 6.
This makes it possible to cool the supercharged air mainly
by the first cooling section 62 of the energy recovery de-
vice 6 upon the start of operation of the energy recovery
device 6.

[0066] Further, in the supercharged air cooling unit X1
according to the present embodiment, the controller 10
determines whether the temperature T is equal to or
greater than the upper limit temperature value T4, after
controlling the flow rate regulator 84 to render the ratio
between the first flow rate F, and the second flow rate
F, be the first flow rate ratio P,. When determining that
the temperature T is equal to or greater than the upper
limit temperature value T4, the controller 10 controls the
flow rate regulator 84 to render the ratio between the first
flow rate F4 and the second flow rate F, be the second
flow rate ratio P,. This makes it possible to cool the su-
percharged air mainly by the first cooling section 62 of
the energy recovery device 6 in the normal condition in
response to the start signal for starting operation of the
energy recovery device 6, and cool the supercharged air
mainly by the second cooling section 82b of the cooling
device 8 only when a fault occurs in the energy recovery
device 6. Consequently, the cooling of the supercharged
air can be reliably performed.

(Second Embodiment)

[0067] Now,asupercharged air cooling unit X1 accord-
ing to a second embodiment will be described with ref-
erence to FIG. 4. In the second embodiment, description
will be made only on different features from the first em-
bodiment, and therefore, descriptions of structures, op-
erations and effects that are same as those of the first
embodiment will be omitted.

[0068] FIG. 4 is, similarly to FIG. 2, a schematic top
view of a cooler 5, which shows a first cooling section 62
and a second cooling section 82b disposed in an internal
space S1 by solid line for the descriptive purpose.
[0069] In the supercharged air cooling unit X1 accord-
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ing to the second embodiment, branching flow channels
62c of the first cooling section 62 and branching flow
channels 82f of the second cooling section 82b are ar-
ranged alternately in a direction intersecting a flowing
direction of supercharged air, as shown in FIG. 4.
[0070] A working medium inlet header 62a of the first
cooling section 62 and a cooling medium inlet header
82d of the second cooling section 82b extend in a direc-
tion perpendicularly intersecting the supercharged air
flowing direction and substantially in parallel with each
other. Onthe other hand, aworking medium outletheader
62b of the first cooling section 62 and a cooling medium
outlet header 82e of the second cooling section 82b ex-
tend in the direction perpendicularly intersecting the su-
percharged air flowing direction and substantially in par-
allel with each other. In addition, the branching flow chan-
nels 62c of the first cooling section 62 and the branching
flow channels 82f of the second cooling section 82b are
arranged alternately in the direction perpendicularly in-
tersecting the supercharged air flowing direction so as
not to overlap each other in the vertical direction. Con-
sequently, the branching flow channels 62c and 82f are
arranged at intervals over the entire internal space S1in
the direction perpendicularly intersecting the super-
charged air flowing direction.

[0071] As described, in the supercharged air cooling
unit X1 according to the second embodiment, the branch-
ing flow channels 62c of the first cooling section 62 and
the branching flow channels 82f of the second cooling
section 82b are arranged alternately in the direction per-
pendicularly intersecting the supercharged air flowing di-
rection in the internal space S1. This makes it possible
to reduce the occurrence of non-uniformity in the cooling
of the supercharged air between the case of cooling the
supercharged air flowing through the internal space S1
mainly by the first cooling section 62 and the case of
cooling the supercharged air flowing through the internal
space S1 mainly by the second cooling section 82b.

(Third Embodiment)

[0072] A supercharged air cooling unit X1 according
to a third embodiment will be described with reference
to FIG. 5. In the third embodiment, description will be
made only on different features from the first embodi-
ment, and therefore, descriptions of structures, opera-
tions and effects that are same as those of the first em-
bodiment will be omitted.

[0073] FIG. 5 s, similarly to FIG. 1, a view showing a
schematic configuration of the supercharged air cooling
unit X1.

[0074] In the supercharged air cooling unit X1 accord-
ing to the third embodiment, as shown in FIG. 5, a de-
tection sensor 9 is attached to a downstream portion 82¢
of a first flow channel 82, instead of being attached to a
third portion 33 of a scavenging line 3 as in the first em-
bodiment.

[0075] Here, in the supercharged air cooling unit X1
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according to the third embodiment, the ratio between a
first flow rate F; and a second flow rate F, is switched
between a first flow rate ratio P, and a second flow rate
ratio P,, as in the firstembodiment. Because the first flow
rate F, is not set to zero in either the case of the flow rate
ratio P, or the flow rate ratio P,, the first flow channel 82
is constantly supplied with cooling medium. Therefore,
the detection sensor 9 constantly detects the tempera-
ture of cooling medium having been subjected to heat
exchange with supercharged air in the course of passing
through a second cooling section 82b of the first flow
channel 82. The temperature of the cooling medium de-
tected by the detection sensor 9 is transmitted to the con-
troller 10.

[0076] The controller 10 estimates a temperature T of
supercharged air having been cooled in the cooler 5,
based on the temperature of the cooling medium detect-
ed by the detection sensor 9, and compares the temper-
ature T with an upper limit temperature value T, that is
an upper limit temperature of the supercharged air flow-
ing into the engine. Specifically, the controller 10 esti-
mates the temperature T of the supercharged air flowing
out of the internal space S1 of the cooler 5 based on, for
example, the temperature of the cooling medium in the
first pipe 66a, the ratio between the first flow rate F, and
the second flow rate F»,, and information of the temper-
ature detected by the detection sensor 9 or the like. Con-
sequently, the controller 10, when determining that the
estimated temperature T is equal to or greater than the
upper limittemperature value T, controls the valve open-
ing degree of the flow rate regulator 84 to render the ratio
between the first flow rate F4 and the second flow rate
F, be the second flow rate ratio P,.

[0077] As described, the supercharged air cooling unit
X1 according to the third embodiment detects the tem-
perature of cooling medium having passed through the
second cooling section 82b by means of the detection
sensor 9, and controls the valve degree opening of the
flow rate regulator 84 based on the detected temperature.
In other words, it is possible, without directly detecting
the temperature T of supercharged air having been
cooled in the cooler 5 as in the first embodiment, to de-
termine whether a fault occurs in the energy recovery
device 6 similarly to the first embodiment, by detecting
the temperature information of the cooling medium that
allows estimation of the temperature T.

[0078] It should be noted that each of the above-de-
scribed embodiments is exemplary in all respects and
should not be regarded as restrictive. The scope of the
present invention is indicated by the scope of the claims
and not by the description of the embodiments described
above, and includes all modifications within the same
sense and scope as the claims.

[0079] For example, each of the above-described em-
bodiments shows the case where the supercharged air
cooling unit X1 is applied to a vessel, but it is not an
exclusive configuration. The supercharged air cooling
unit X1 is only required to cool the supercharged air being
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supplied from the supercharger 1 to the engine 2, and
may be applied to a vehicle or the like mounted with a
supercharger 1 and an engine 2. In the case where the
supercharged air cooling unit X1 is applied to a vehicle
or the like, itis possible to use, instead of seawater, cool-
ing water stored in a storage tank, for example, as the
cooling medium in the cooling device 8.

[0080] Further, each of the above-described embodi-
ments shows the case where a three-way valve is used
as the flow rate regulator 84, but it is not an exclusive
configuration. The flow rate regulator 84 is only required
to adjust the ratio between the first flow rate F, and the
second flow rate F,. For example, the flow rate regulator
84 may be configured to include two two-way valves. In
this case, one two-way valve is attached to a part of the
upstream portion 82a of the first flow channel 82 that is
upstream of the pump 85, and the other two-way valve
is attached to a part of the upstream portion 83a of the
second flow channel 83 that is upstream of the pump 86.
This configuration makes it possible to adjust the ratio
between the first flow rate F; and the second flow rate
F, by controlling the opening degree of each of the two-
way valves by the controller 10.

[0081] Further,ineach ofthe above-described embod-
iments, the flowing direction of the supercharged air flow-
ing through the internal space S1 agrees with the flowing
directions ofthe working medium and the cooling medium
flowing through the branching flow channels 62c and 82f,
respectively, but this is not an exclusive configuration. It
may be configured such that the supercharged air flowing
direction is opposite to the flowing directions of the work-
ing medium and the cooling medium in the cooler 5, for
example.

[0082] Further,ineach ofthe above-described embod-
iments, the cooler 5 is in the form of a shell and tube type
heat exchanger, but it is not an exclusive configuration.
The cooler 5 may be provided as a plate type heat ex-
changer configured by stacking a plurality of plates. In
this case, the second portion 32 of the scavenging line
3, the first cooling section 62 of the energy recovery de-
vice 6, and the second cooling section 82b of the cooling
device 8 are provided in the single cooler 5 constituted
by the integrally formed plurality of plates.

[0083] Further, the above-described embodiments
show the case where the detection sensor 9 is attached
to the third portion 33 of the scavenging line 3 and the
case where the detection sensor 9 is attached to the
downstream portion 82c of the first flow channel 82, but
these are not exclusive configurations. The detection
sensor 9 is only required to detect information relating to
the temperature of supercharged air having been cooled
in the cooler 5, and may be attached to the cooler 5, for
example.

[0084] Further,ineach ofthe above-described embod-
iments, the first flow rate ratio P is set as "the first flow
rate F,: the second flow rate F, = 1 : 9", and the second
flow rate ratio P, is set as "the first flow rate F, : the
second flow rate Fy,= 9 : 1", but this is not an exclusive
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configuration. The first flow rate ratio P is only required
to be set such that the second flow rate F, is higher than
the first flow rate F4, and the second flow rate ratio P, is
only required to be set such that the first flow rate F is
higher than the second flow rate F,. Therefore, the first
flow rate ratio P, may be set such that the first flow rate
F, is zero, and the second flow rate ratio P, may be set
such that the second flow rate F5 is zero. In this case,
the supercharged air is cooled only by the first cooling
section 62 in the cooler 5 when the energy recovery de-
vice 6 is normally operating after the start of driving, and
the supercharged air is cooled only by the second cooling
section 82b in the cooler 5 when a fault occurs in the
energy recovery device 6.

[0085] The embodiments described above are now
summarized.

[0086] A supercharged air cooling unitaccording to the
above-described embodiments comprises: an air supply
conduitfor allowing supercharged air being supplied from
a supercharger to an engine to flow therethrough; an en-
ergy recovery device including a first cooling section for
allowing working fluid to be subjected to heat exchange
with the supercharged air flowing through the air supply
conduit to pass therethrough, an expander for receiving
the working fluid vaporized in the first cooling section and
flowing therefrom, and a power obtaining section for ob-
taining a power generated by the expander; a cooling
device including a second cooling section for allowing
cooling medium to be subjected to heat exchange with
the supercharged air flowing through the air supply con-
duit to pass therethrough; and a single casing accommo-
dating the air supply conduit, the first cooling section, and
the second cooling section. The air supply conduit, the
first cooling section, the second cooling section, and the
casing constitute a cooler.

[0087] In the above-described supercharged air cool-
ing unit, the first cooling section of the energy recovery
device and the second cooling section of the cooling de-
vice constitute the single cooler. Therefore, it is possible
to cool the supercharged air both by the heat exchange
between the working medium of the energy recovery de-
vice and the supercharged air and by the heat exchange
between the cooling medium of the cooling device and
the supercharged air by the single cooler. In this manner,
the cooling of the supercharged air by means of the work-
ing medium and the cooling of the supercharged air by
means of the cooling medium are performed in the single
cooler in the above-described supercharged air cooling
unit, which allows a compact design as compared with a
case where the cooling by means of the working medium
and the cooling by means of the cooling medium are per-
formed respectively by separate two coolers.

[0088] Itis preferred that the supercharged air cooling
unit further comprises a condenser for condensing the
working medium flowing out of the expander, and that
the cooling device includes a first flow channel for allow-
ing the cooling medium supplied from a supply source to
flow therethrough, and a second flow channel branching
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from the first flow channel, the first flow channel including
the second cooling section, and the second flow channel
including a third cooling section for performing heat ex-
change between the cooling medium supplied from the
supply source and the working medium flowing in the
condenser.

[0089] In the above-described supercharged air cool-
ing unit, the cooling device connects with the supply
source of the cooling medium and includes the first flow
channel and the second flow channel branching sepa-
rately from each other. This makes it possible to supply
the cooling medium from the single supply source to the
second cooling section and the third cooling section
through the first and second flow channels, respectively.
Therefore, it is possible to realize both the cooling of the
supercharged air and the condensation of the working
medium while simplifying the configuration of the super-
charged air cooling unit.

[0090] Itis preferred that the supercharged air cooling
unit further comprises: a detection sensor for detecting
information relating to a temperature of the supercharged
air having been cooled in the cooler; and a controller for
receiving the information from the detection sensor, that
the cooling device further includes a flow rate regulator
operable to adjust a ratio between a first flow rate that is
a flow rate of the cooling medium flowing through the first
flow channel and a second flow rate that is a flow rate of
the cooling medium flowing through the second flow
channel, and that the controller, when determining based
on the information received from the detection sensor
that the temperature of the supercharged air having been
cooled in the cooler is equal to or greater than a prede-
termined temperature in a state that the first flow rate is
lower than the second flow rate, controls the flow rate
regulator to render the first flow rate higher than the sec-
ond flow rate.

[0091] In the above-described supercharged air cool-
ing unit, the controller controls the flow rate regulator
based on the information received from the detection
sensor, the information relating to the temperature of the
supercharged air. This makes it possible to reliably cool
the supercharged air even when a fault occurs in the
energy recovery device, specifically as follows.

[0092] In the above-described supercharged air cool-
ing unit, when the energy recovery device is in a normal
condition of operating normally, the flow rate regulator is
adjusted such that the flow rate of cooling medium flowing
through the first flow channel is lower than the flow rate
of cooling medium flowing through the second flow chan-
nel. Consequently, the supercharged air is mainly cooled
by the first cooling section of the energy recovery device.
Here, the detection sensor detects the information relat-
ing to the temperature of supercharged air having been
cooled in the cooler, and the controller receives the in-
formation detected by the detection sensor. This allows
the controller to determine based on the received infor-
mation whether the temperature of supercharged air
flowing into the engine is equal to or greater than the
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predetermined temperature. The controller, when deter-
mining that the temperature of supercharged air flowing
into the engine is equal to or greater than the predeter-
mined temperature, determines that a fault occurs in the
energy recovery device, and controls the flow rate regu-
lator such that the flow rate of the cooling medium flowing
through the first flow channel is higher than the flow rate
of the cooling medium flowing through the second flow
channel. Therefore, in the above-described super-
charged air cooling unit, it is possible to cool the super-
charged air mainly by the first cooling section of the en-
ergy recovery device when the energy recovery device
operates normally, and cool the supercharged air mainly
by the second cooling section of the cooling device when
a fault occurs in the energy recovery device.

[0093] Itis preferred that the controller performs, upon
start of operation of the energy recovery device, a first
control of controlling the flow rate regulator to render the
ratio between the first flow rate and the second flow rate
be a first flow rate ratio at which the first flow rate is lower
than the second flow rate.

[0094] In the above-described supercharged air cool-
ing unit, the controller performs the first control upon start
of driving of the energy recovery device, to thereby make
it possible to cool the supercharged air mainly by the first
cooling section of the energy recovery device when the
energy recovery device is normally operating.

[0095] Itis preferred that the controller performs a sec-
ond control of controlling the flow rate regulator to render
the ratio between the first flow rate and the second flow
rate be a second flow rate ratio at which the first flow rate
is higher than the second flow rate, when determining
based on the information received from the detection
sensor that a temperature of the supercharged air having
been cooled in the cooler is equal to or greater than the
predetermined temperature, after performing the first
control.

[0096] In the above-described supercharged air cool-
ing unit, the controller performs, when determining that
the temperature of the supercharged air is equal to or
greater than the predetermined temperature, performs
the second control, after performing the first control.
Therefore, when a fault occurs in the energy recovery
device after the start of driving of the energy recovery
device, the controller adjusts the ratio between the first
flow rate and the second flow rate such that the super-
charged air is cooled mainly by the second cooling sec-
tion of the cooling device. This makes it possible to reli-
ably cool the supercharged air after the start of driving
of the energy recovery device.

[0097] Itis preferred that each of the first cooling sec-
tion and the second cooling section includes a plurality
of branching flow channels, the branching flow channels
of the first cooling section and the branching flow chan-
nels of the second cooling section are arranged alter-
nately in a direction intersecting a flowing direction of the
supercharged air.

[0098] In the above-described supercharged air cool-
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ing unit, the branching flow channels of the first cooling
section and the branching flow channels of the second
cooling section are arranged alternately in the direction
intersecting the supercharged air flowing direction in the
internal space. This makes it possible to reduce the oc-
currence of non-uniformity in the cooling of the super-
charged air between the case of cooling the super-
charged air mainly by the first cooling section and the
case of cooling the supercharged air mainly by the sec-
ond cooling section.

[0099] A supercharged air cooling unit comprises: an
air supply conduit for allowing supercharged air being
supplied from a supercharger to an engine to flow there-
through; an energy recovery device including a first cool-
ing section for allowing working fluid to be subjected to
heat exchange with the supercharged air flowing through
the air supply conduit to pass therethrough, an expander
forreceiving the working fluid vaporized in the first cooling
section and flowing therefrom, and a power obtaining
section for obtaining a power generated by the expander;
a cooling device including a second cooling section for
allowing cooling medium to be subjected to heat ex-
change with the supercharged air flowing through the air
supply conduit to pass therethrough; and a single casing
accommodating the air supply conduit, the first cooling
section, and the second cooling section. The air supply
conduit, the first cooling section, the second cooling sec-
tion, and the casing constitute a cooler.

Claims
1. A supercharged air cooling unit (X1), comprising:

an air supply conduit (32) for allowing super-
charged air being supplied from a supercharger
(1) to an engine (2) to flow therethrough;

an energy recovery device (6) including

afirst cooling section (62) for allowing work-
ing fluid to be subjected to heat exchange
with the supercharged air flowing through
the air supply conduit (32) to pass there-
through,

an expander (63) for receiving the working
fluid vaporized in the first cooling section
(62) and flowing therefrom, and

a power obtaining section (64) for obtaining
a power generated by the expander (63);
and

a cooling device (8) including

a second cooling section (82b) for allowing cool-
ing medium to be subjected to heat exchange
with the supercharged air flowing through the air
supply conduit (32) to pass therethrough;
characterized in that

the cooling device (8) further includes a single
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casing (51) accommodating the air supply con-
duit (32), the first cooling section (62), and the
second cooling section (82b), wherein
the air supply conduit (32), the first cooling sec-
tion (62), the second cooling section (82b), and
the casing (51) constitute a cooler (5).

The supercharged air cooling unit (X1) according to
claim 1, further comprising

a condenser (7) for condensing the working medium
flowing out of the expander (63), wherein

the cooling device (8) includes a first flow channel
(82) for allowing the cooling medium supplied from
a supply source to flow therethrough, and a second
flow channel (83) branching from the first flow chan-
nel (82), the first flow channel (82) including the sec-
ond cooling section (82b), and the second flow chan-
nel (83) including a third cooling section (83b) for
performing heat exchange between the cooling me-
dium supplied from the supply source and the work-
ing medium flowing in the condenser (7).

The supercharged air cooling unit (X1) according to
claim 2, further comprising:

a detection sensor (9) for detecting information
relating to a temperature of the supercharged
air having been cooled in the cooler (5); and

a controller (10) for receiving the information
from the detection sensor (9), wherein

the cooling device (8) further includes a flow rate
regulator (84) operable to adjust a ratio between
a first flow rate that is a flow rate of the cooling
medium flowing through the first flow channel
(82) and a second flow rate that is a flow rate of
the cooling medium flowing through the second
flow channel (83), and

the controller (10), when determining based on
the information received from the detection sen-
sor (9) that the temperature of the supercharged
air having been cooled in the cooler (5) is equal
to or greater than a predetermined temperature
in a state that the first flow rate is lower than the
second flow rate, controls the flow rate regulator
(84) to render the first flow rate higher than the
second flow rate.

The supercharged air cooling unit (X1) according to
claim 3, wherein

the controller (10) performs, upon start of operation
of the energy recovery device (6), a first control of
controlling the flow rate regulator (84) to render the
ratio between the first flow rate and the second flow
rate be a first flow rate ratio at which the first flow
rate is lower than the second flow rate.

The supercharged air cooling unit (X1) according to
claim 4, wherein
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the controller (10) performs a second control of con-
trolling the flow rate regulator (84) to render the ratio
between the first flow rate and the second flow rate
be a second flow rate ratio at which the first flow rate
is higher than the second flow rate, when determin-
ing based on the information received from the de-
tection sensor (9) that a temperature of the super-
charged air having been cooled in the cooler (5) is
equal to or greater than the predetermined temper-
ature, after performing the first control.

The supercharged air cooling unit (X1) according to
claim 3 or 4, wherein

each of the first cooling section (62) and the second
cooling section (82b)includes a plurality of branching
flow channels (62c, 82f), the branching flow channels
(62c) of the first cooling section (62) and the branch-
ing flow channels (82f) of the second cooling section
(82b) are arranged alternately in a direction inter-
secting a flowing direction of the supercharged air.

Patentanspriiche

Aufgeladene-Luft-Kihleinheit (X1), die Folgendes
aufweist:

eine Luftzufuhrleitung (32) zum Ermdglichen,
dass eine aufgeladene Luft, die von einem Auf-
lader (1) einer Kraftmaschine (2) zugefihrt wird,
dadurch hindurchstréomt;

eine Energieriickgewinnungsvorrichtung (6) mit

einem ersten Kuhlabschnitt (62) zum Er-
moglichen, dass ein Arbeitsfluid, das einem
Warmeaustausch mit der aufgeladenen
Luft zu unterziehen ist, die durch die Luft-
zufuhrleitung (32) strémt, dadurch hin-
durchgeht,

einem Expander (63) zum Empfangen des
Arbeitsfluids, das in dem ersten Kihlab-
schnitt (62) verdampft wird und daraus
stromt, und

einem Leistungserhaltungsabschnitt (64)
zum Erhalten einer Leistung, die durch den
Expander (63) erzeugt wird; und

eine Kuhlvorrichtung (8) mit

einem zweiten Kiihlabschnitt (82b) zum Ermdg-
lichen, dass ein Kiihimedium, das einem War-
meaustausch mit der aufgeladenen Luft zu un-
terziehenist, die durch die Luftzufuhrleitung (32)
stromt, dadurch hindurchgeht;

dadurch gekennzeichnet, dass

die Kihlvorrichtung (8) ferner ein einzelnes Ge-
hause (51) hat, das die Luftzufuhrleitung (32),
den ersten Kihlabschnitt (62) und den zweiten
Kuhlabschnitt (82b) aufnimmt, wobei
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die Luftzufuhrleitung (32), der erste Kihlab-
schnitt (62), der zweite Kiihlabschnitt (82b) und
das Gehause (51) einen Kihler (5) bilden.

Aufgeladene-Luft-Kihleinheit (X1) nach Anspruch
1, die ferner

einen Kondensator (7) zum Kondensieren des Ar-
beitsmediums aufweist, das aus dem Expander (63)
hinausstromt, wobei

die Kihlvorrichtung (8) einen ersten Strémungska-
nal (82) zum Ermdglichen, dass das Kihlimedium,
das von einer Zufuhrquelle zugefiihrt wird, dadurch
hindurchstromt, und einen zweiten Strémungskanal
(83) hat, der von dem ersten Stromungskanal (82)
abzweigt, wobei die erste Stromungskanal (82) den
zweiten Kuihlabschnitt (82b) hat und der zweite Stro-
mungskanal (83) einen dritten Kihlabschnitt (83b)
zum Durchfiihren eines Warmeaustausch zwischen
dem Kihlmedium, das von der Zufuhrquelle zuge-
fuhrt wird, und dem Arbeitsmedium hat, das in den
Kondensator (7) hineinstromt.

Aufgeladene-Luft-Kihleinheit (X1) nach Anspruch
2, die ferner Folgendes aufweist:

einen Erfassungssensor (9) zum Erfassen von
Informationen, die sich auf eine Temperatur der
aufgeladenen Luft beziehen, die in dem Kihler
(5) gekuhlt worden ist; und

eine Steuerungseinrichtung (10) zum Empfan-
gen der Informationen von dem Erfassungssen-
sor (9), wobei

die Kihlvorrichtung ferner einen Durchflussreg-
ler (84) hat, der dazu betriebsbereit ist, ein Ver-
haltnis zwischen einem ersten Durchfluss, der
ein Durchfluss des durch den ersten Strémungs-
kanal (82) stromenden Kiihimediums ist, und ei-
nem zweiten Durchfluss einzustellen, der ein
Durchfluss des durch den zweiten Strdomungs-
kanal (83) stromenden Kihimediums ist, und
die Steuerungseinrichtung (10) dann, wenn sie
auf Grundlage der von dem Erfassungssensor
(9) empfangenen Informationen bestimmt, dass
die Temperatur der aufgeladenen Luft, die in
dem Kdhler (5) gekihlt worden ist, gleich wie
oder hoher als eine vorbestimmte Temperatur
ineinem Zustand ist, in dem dererste Durchfluss
niedriger ist als der zweite Durchfluss, den
Durchflussregler (84) so steuert, dass sie den
ersten Durchfluss dazu bringt, héher als der
zweite Durchfluss zu sein.

Aufgeladene-Luft-Kihleinheit (X1) nach Anspruch
3, wobei

die Steuerungseinrichtung (10) beim Start eines Be-
triebs der Energiertickgewinnungsvorrichtung (6) ei-
ne erste Steuerung des Steuerns des Durchfluss-
reglers (84) durchfiihrt, um das Verhaltnis zwischen
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dem ersten Durchfluss und dem zweiten Durchfluss
dazu zu bringen, ein erstes Durchflussverhaltnis zu
sein, bei dem der erste Durchfluss niedriger ist als
der zweite Durchfluss.

Aufgeladene-Luft-Kihleinheit (X1) nach Anspruch
4, wobei

die Steuerungseinrichtung (10) eine zweite Steue-
rung des Steuerns des Durchflussreglers (84) durch-
fUhrt, um das Verhaltnis zwischen dem ersten Durch-
fluss und dem zweiten Durchfluss dazu zu bringen,
ein zweites Durchflussverhaltnis zu sein, bei dem
der erste Durchfluss héher ist als der zweite Durch-
fluss, wenn sie auf Grundlage der von dem Erfas-
sungssensor (9) empfangenen Informationen be-
stimmt, dass eine Temperatur der in dem Kihler (5)
gekiihlten aufgeladenen Luft nach der Durchfiihrung
der ersten Steuerung gleich wie oder héher als die
vorbestimmte Temperatur ist.

Aufgeladene-Luft-Kihleinheit (X1) nach Anspruch 3
oder 4, wobei

jederdes ersten Kiihlabschnitts (62) und des zweiten
Kuhlabschnitts (82b) eine Vielzahl von abzweigen-
den Strémungskanalen (62c, 82f) hat, die abge-
zweigten Stromungskanale (62c) des ersten Kihl-
abschnitts (62) und die abgezweigten Strémungska-
nale (82f) des zweiten Kiihlabschnitts (82b) abwech-
selnd in einer Richtung angeordnet sind, die eine
Stromungsrichtung der aufgeladenen Luft Gber-
schneidet.

Revendications

Unité de refroidissement d’air suralimenté (X1)
comprenant :

un conduit d’alimentation en air (32) pour per-
mettre a I'air suralimenté qui est amené d’'un
compresseur d’alimentation (1) a un moteur (2)
de s’écouler a travers ce dernier ;

un dispositif de récupération d’énergie (6)
comprenant :

une premiére section de refroidissement
(62) pour permetire au fluide de travail
d’étre soumis a I'échange de chaleur avec
I'air suralimenté s’écoulant a travers le con-
duit d’alimentation en air (32) de passer a
travers ce dernier,

un détendeur (63) pour recevoir le fluide de
travail vaporisé dans la premiére section de
refroidissement (62) et s’écoulant a partir
de cette derniére, et

une section d’obtention d’énergie (64) pour
obtenir I'énergie générée par le détendeur
(63) ; et
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un dispositif de
comprenant :

refroidissement  (8)

une deuxiéme section de refroidisse-
ment (82b) pour permettre au milieu de
refroidissement détre soumis a
I'échange de chaleur avec l'air surali-
menté s’écoulant a travers le conduit
d’alimentation en air (32) de passer a
travers cette derniére ;

caractérisée en ce que :

le dispositif de refroidissement (8) com-
prend en outre un seul carter (51) lo-
geant le conduit d’alimentation en air
(32), la premiere section de refroidisse-
ment (62) et la deuxiéme section de re-
froidissement (82b), dans laquelle :

le conduit d’alimentation en air (32), la
premiére section de refroidissement
(62), la deuxieme section de refroidis-
sement (82b) et le carter (51) consti-
tuent un refroidisseur (5).

Unité de refroidissement d’air suralimenté (X1) selon
la revendication 1, comprenant en outre :

un condenseur (7) pour condenser le milieu de travail
sortant en s’écoulant du détendeur (63), dans
laquelle :

le dispositif de refroidissement (8) comprend un pre-
mier canal d’écoulement (82) pour permettre au mi-
lieu de refroidissement fourni a partir d’'une source
d’alimentation de s’écouler a travers ce dernier, et
un second canal d’écoulement (83) bifurquant a par-
tir du premier canal d’écoulement (82), le premier
canal d’écoulement (82) comprenant la deuxieme
section de refroidissement (82b), et le second canal
d’écoulement (83) comprenant une troisieme sec-
tion de refroidissement (83b) pour réaliser I'échange
de chaleur entre le milieu de refroidissement fourni
par la source d’alimentation et le milieu de travail
s’écoulant dans le condenseur (7).

Unité de refroidissement d’air suralimenté (X1) selon
la revendication 2, comprenant en outre :

un capteur de détection (9) pour détecter I'infor-
mation concernant une température de l'air su-
ralimenté ayant été refroidi dans le refroidisseur
(5); et

un organe de commande (10) pour recevoir I'in-
formation du capteur de détection (9), dans
laquelle :

le dispositif de refroidissement (8) com-
prend en outre un régulateur de débit (84)
pouvant fonctionner pour ajuster un rapport
entre un premier débit qui est un débit du
milieu de refroidissement s’écoulant a tra-
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vers le premier canal d’écoulement (82) et
un second débit qui est un débit du milieu
de refroidissement s’écoulant a travers le
second canal d’écoulement (83), et
I'organe de commande (10), lorsque l'on
détermine surlabase de l'information regcue
du capteur de détection (9) que la tempé-
rature de 'air suralimenté ayant été refroidi
dans le refroidisseur (5) est égale ou supé-
rieure a une température prédéterminée
dans un état dans lequel le premier débit
est inférieur au second débit, commande le
régulateur de débit (84) pour que le premier
débit soit supérieur au second débit.

Unité de refroidissementd’air suralimenté (X1) selon
la revendication 3, dans laquelle :

'organe de commande (10) réalise, apres le début
du fonctionnement du dispositif de récupération
d’énergie (6), une premiere commande consistant a
commander le régulateur de débit (84) pour que le
rapport entre le premier débit et le second débit soit
un premier rapport de débit auquel le premier débit
est inférieur au second débit.

Unité de refroidissementd’air suralimenté (X1) selon
la revendication 4, dans laquelle :

I'organe de commande (10) réalise une seconde
commande consistant a commander le régulateur
de débit (84) pour que le rapport entre le premier
débit et le second débit soit un second rapport de
débitauquel le premier débit est supérieur au second
débit, lorsque I'on détermine, sur la base de I'infor-
mation regcue du capteur de détection (9), qu'une
température de l'air suralimenté ayant été refroidi
dans le refroidisseur (5) est égale ou supérieure a
la température prédéterminée, apres avoir réalisé la
premiére commande.

Unité de refroidissementd’air suralimenté (X1) selon
la revendication 3 ou 4, dans laquelle :

chacune parmi la premiére section de refroidisse-
ment (62) et la deuxieme section de refroidissement
(82b) comprend une pluralité de canaux d’écoule-
ment de bifurcation (62c, 82f), les canaux d’écoule-
ment de bifurcation (62c) de la premiére section de
refroidissement (62) et les canaux d’écoulement de
bifurcation (82f) de la deuxieme section de refroidis-
sement (82b) sont agencés de maniéere alternée
dans une direction coupant une direction d’écoule-
ment de l'air suralimenté.

10

15

20

25

30

35

40

45

50

55

14

26



EP 3 375 988 B1

IWNIA3W DNIT100D 0l A

18

........ — V _ €€
g7 vg oz8

98 -9 G8

|
|
|
|
€8~ ¢
8
BC8 ™ J J
P99 Sele!

~—Cl

dlv

1 X L Ol1d

SVO 1SNVYHX3

15



EP 3 375 988 B1
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