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(54) AIR SUPPLY DEVICE FOR AIR-LUBRICATED SHIP

(57) An air supply apparatus of an air lubrication type ship of the present invention includes a turbocharger 10, taking-
out means, a pressure-increasing path 41a, a bypass path 51, and path selecting means which selects the pressure-
increasing path 41a and the bypass path 51, and the path selecting means selects the pressure-increasing path 41a
and/or the bypass path 51 to supply the pressure-increased air and/or the pressurized air and eject the same to the
surroundings of the ship’s hull. Therefore, even if pressure of pressurized air supplied to the main engine 6 by the
turbocharger 10 is varied by output of the main engine 6, and even if draft pressure is varied by a loaded state, pressure
of the pressurized air can be increases in accordance with the variations and the pressurized air can be ejected, energy
efficiency is high and an energy saving effect can be enhanced.
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Description
[TECHNICAL FIELD]

[0001] The present invention relates to an air supply
apparatus of an air lubrication type ship for reducing fric-
tion resistance of water along a ship’s bottom outer sur-
face of a ship during marine navigation.

[BACKGROUND TECHNIQUE]

[0002] Generally, a ship receives friction resistance of
water during marine navigation on its submerged surface
of a ship’s bottom. Especially in the case of a large ship,
most portion of resistance of ship’s hull is derived from
friction resistance generated by relative flow of outside
water in the ship’s bottom.

[0003] In air lubrication, air is ejected to surroundings
of the ship’s hull to reduce friction resistance. If friction
resistance of a ship’s hull is reduced by the air lubrication,
a high energy saving effect can be obtained, and this is
effective means for CO, emission reduction from the
ship.

[0004] In the case of a deep-draft large ocean-going
ship, however, energy required for sending air to a ship’s
bottom is large, and if an air lubrication method using a
blower only is employed, there are limitations for obtain-
ing the energy saving effect. Hence, there are conceived
systems which utilize pressurized air or exhaust gas ex-
isting around a turbocharger of a main engine as shown
the following patent documents.

[0005] Patentdocument 1 and patentdocument 2 pro-
pose an apparatus which utilizes scavenging gas which
is pressurized air existing between an inter-cooler and a
main engine.

[0006] Patentdocument 3 and patentdocument4 pro-
pose an apparatus which utilizes exhaust gas of a main
engine.

[0007] Patent document 5 proposes an apparatus
which utilizes low pressure pressurized air extracted from
a low pressure location of a turbocharger.

[0008] Patent document 6 proposes an apparatus
which utilizes pressurized air and/or exhaust gas existing
between a turbocharger and a main engine.

[0009] Patent document 7 proposes an apparatus in-
cluding compressed gas supply means which is rotated
and driven by exhaust gas, and this apparatus utilizes
compressed gas of the compressed gas supply means.

[PRIOR ART DOCUMENT]
[PATENT DOCUMENTS]
[0010]
[Patent Document 1] Japanese Patent Application

Laid-open No.H11-348870
[Patent Document 2] Japanese Patent Application

15

20

25

30

35

40

45

50

55

Laid-open No.H11-348871

[Patent Document 3] Japanese Patent Application
Laid-open No.H11-348869

[Patent Document 4] Japanese Patent Application
Laid-open No.2001-97276

[Patent Document 5] Japanese Patent Application
Laid-open No.2001-48082

[Patent Document 6] Japanese Patent Application
Laid-open No.2010-23631

[Patent Document 7] Japanese Patent Application
Laid-open No.2010-274905

[SUMMARY OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0011] Pressurized air pressure (scavenging pres-
sure) supplied by a turbocharger to a main engine is pro-
portional to output of the main engine. That is, there exist
such characteristics thatwhen a main engine load is low,
the pressurized air pressure is low and when the main
engine load is high, the pressurized air pressure be-
comes high. Exhaust gas also has similar characteristics
that exhaust gas is proportional to output of the main
engine.

[0012] On the other hand, draft is varied depending
upon a loaded state. Hence, when a ship is fully loaded
and a main engine load is low, scavenging pressure of
the main engine becomes lower than draft pressure, and
air lubrication can not be applied in some cases.

[0013] Concerning gas pressure which is varied de-
pending upon output of a main engine, and concerning
draft pressure which is varied depending upon a loaded
state, patent document 1 to patent document 7 do not
disclose to widen a region in which air lubrication can be
applied or do not disclose to take energy efficiency into
consideration.

[0014] Hence, it is an object of the present invention
to provide an air supply apparatus of an air lubrication
type ship in which even if pressurized air pressure sup-
plied to a main engine by a turbocharger is varied by
output of the main engine and even if draft pressure is
varied due to a loaded state, the air supply apparatus
can increase the pressurized air pressure and can eject
the pressurized air in accordance with the variations. Ac-
cording to the present invention, it is possible to provide
an air supply apparatus of an air lubrication type ship
having high energy efficiency and capable of enhancing

[MEANS FOR SOLVING THE PROBLEM]

[0015] A first aspect of the invention provides an air
supply apparatus of an air lubrication type ship which
ejects air to surroundings of a ship’s hull to reduce friction
resistance, the air supply apparatus comprising a turbo-
charger which supplies pressurized air to a main engine
of the air lubrication type ship, taking-out means which
takes out a portion of the pressurized air, pressure-in-
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creasing means which further increases pressure of the
pressurized air which is taken out by the taking-out
means, a pressure-increasing path through which pres-
sure-increased air whose pressure is increased by the
pressure-increasing means is supplied, a bypass path
which bypasses the pressure-increasing means, and
path selecting means which selects the pressure-in-
creasing path and the bypass path, wherein the path se-
lecting means selects the pressure-increasing path
and/or the bypass path to supply the pressure-increased
air and/or the pressurized air and eject the same to the
surroundings of the ship’s hull. According to the this as-
pect, when the bypass path is selected, air is ejected to
the surroundings of the ship’s hull using pressurized air
which is supplied to the main engine, and when the pres-
sure-increasing path is selected, it is possible to eject air
to the surroundings of the ship’s hull using pressure-in-
creased air obtained by further increasing pressure of
the pressurized air by the pressure-increasing means.
That is, it is possible to select ejection carried out only
by pressurized air and ejection using pressure-increased
air which is assisted by the pressure-increasing means.
Therefore, according to the invention of the first aspect,
even if pressurized air pressure supplied to the main en-
gine is varied by output of the main engine, and even if
draft pressure is varied by a loaded state, pressure of
the pressurized air can be increased and the pressurized
air can be ejected in accordance with these variations.
Thus, it is possible to realize an air lubrication type ship
having high energy efficiency and capable of enhancing
the energy saving effect. Here, the term "pressurized air"
used in this application also includes air which is pres-
surized in the turbocharger contributes to combustion in
the main engine and which becomes pressurized ex-
haust gas.

[0016] According to a second aspect of the invention,
in the air supply apparatus of the air lubrication type ship
of the first aspect, the air supply apparatus further in-
cludes at least one more pressure-increasing means, at
least one more pressure-increasing path and atleastone
more path selecting means, and the pressure-increased
air can be supplied by operation of an arbitrary number
of the pressure-increasing means. According to the this
aspect, it is possible to increase pressure of the pressu-
rized air and to eject the pressurized air in accordance
with variation in pressurized air pressure and variation in
draft pressure by switching the plurality of pressure-in-
creasing means. Therefore, it is possible to further en-
hance the energy efficiency and the energy saving effect.
[0017] According to a third aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of the first or second aspect, the pressure-increasing
means is further provided with atmosphere taking-in
means which takes in air from atmosphere, and pressure
of the air from the atmosphere can be increased and the
air can be supplied. According to this aspect, air can be
ejected to the surroundings of the ship’s hull using air
from atmosphere separately from the pressurized air.
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When draft pressure is low for example, air from atmos-
phere can be supplied to the surroundings of the ship’s
hull. Therefore, it is possible to further enhance the en-
ergy efficiency and the energy saving effect.

[0018] According to a fourth aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of the third aspect, the path selecting means selects the
bypass path, the pressurized air is supplied through the
bypass path while bypassing the pressure-increasing
means, and the atmosphere taking-in means is control-
led, then pressure of air from the atmosphere is increased
and the air is supplied through the pressure-increasing
path. According to this aspect, pressurized air is supplied
through the bypass path, and air from the atmosphere is
supplied through the pressure-increasing path. There-
fore, it is possible to increase an ejection amount of air
to the surroundings of the ship’s hull, to enhance the fric-
tion reducing effect, and to further enhance the energy
saving effect.

[0019] According to a fifth aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of any one of the first to fourth aspects, the pressurized
air which is taken out by the taking-out means is scav-
enging gas as a portion of the pressurized air sent from
a compressor which configures the turbocharger to the
main engine. According to this aspect, by utilizing the
scavenging gas, it is possible to reduce energy which is
required for the pressure-increasing means.

[0020] According to a sixth aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of any one of the first to fifth aspects, the air supply ap-
paratus further includes draft detecting means which de-
tects draft of the ship’s hull and control means which con-
trols the path selecting means and the pressure-increas-
ing means, and the control means carries out control
based on a detection result of the draft detecting means.
According to this aspect, the draft detecting means can
detect variation in draft pressure caused by a loaded
state, and the control means can control in accordance
with draft pressure so that pressurized air and pressure-
increased air can appropriately be combined with each
other and they can be supplied, and it is possible to ac-
curately set a condition under which the air lubrication
can be applied. Therefore, it is possible to select an air
supply method which becomes that condition and which
has high energy efficiency.

[0021] According to a seventh aspect of the invention,
in the air supply apparatus of the air lubrication type ship
of the sixth aspect, the air supply apparatus further in-
cludes load detecting means which detects a load of the
main engine, and the control means carries out control
based on a detection result of the load detecting means.
According to this aspect, the load detecting means can
detect variation in pressurized air pressure caused by
output of the main engine, and the control means carries
out control in accordance with pressurized air pressure.
Therefore, it is possible to select an air supply method
which becomes that condition and which has high energy
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efficiency.

[0022] According to an eighth aspect of the invention,
in the air supply apparatus of the air lubrication type ship
of the seventh aspect, the load detecting means detects
scavenging gas pressure of the turbocharger. According
to this aspect, by detecting variation caused by output of
the main engine by means of scavenging gas pressure,
itis possible to detect variationin pressurized air pressure
without time lag. Hence, it is possible to carry out control
to follow variation in a load. Therefore, it is possible to
enhance the energy efficiency.

[0023] According to a ninth aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of any one of the first to eighth aspects, the air supply
apparatus further includes a flow rate adjusting valve
which is located between the turbocharger and the pres-
sure-increasing means and which adjusts a flow rate of
the pressurized air. According to this aspect, the air sup-
ply apparatus includes the flow rate adjusting valve.
Therefore, it is possible to moderate flow rate variation
caused by influence of an operation state of the pressure-
increasing means, and to stabilize a supply flow rate of
pressurized air from the turbocharger to the main engine.
Therefore, it is possible to prevent energy efficiency of
the main engine from being deteriorated.

[0024] According to a tenth aspect of the invention, in
the air supply apparatus of the air lubrication type ship
of any one of the first to eighth aspects, the air supply
apparatus further includes flow rate detecting means
which detects a flow rate of the pressurized air from the
turbocharger to the pressure-increasing means. Accord-
ing to this aspect, since the air supply apparatus includes
the flow rate detecting means, itis possible to stably con-
trol a flow rate of pressurized air.

[0025] According to an eleventh aspect of the inven-
tion, in the air supply apparatus of the air lubrication type
ship of the tenth aspect, a flow rate detection value de-
tected by the flow rate detecting means is fed back to
control the flow rate adjusting valve. According to this
aspect, by controlling the flow rate adjusting valve, con-
trol for taking out pressurized air in accordance with the
set flow rate can be carried out, and it is possible to ap-
propriately maintain a pressurized air amount to the main
engine, and to effectively enhance a pressure increasing
operation in the pressure-increasing means. Further,
even if any trouble is generated in the pressure-increas-
ing means, since scavenging pressure can be adjusted
by the flow rate adjusting valve, influence of this trouble
is not exerted to the main engine, and a safety level is
high.

[0026] According to a twelfth aspect of the invention,
in the air supply apparatus of the air lubrication type ship
of any one of the ninth to eleventh aspects, an opening
degree of the flow rate adjusting valve or a flow rate de-
tection value detected by the flow rate detecting means
is fed back to control the pressure-increasing means. Ac-
cording to this aspect, it is possible to control the pres-
sure-increasing means in accordance with a set opening
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degree or a set flow rate, and a predetermined flow rate
can be obtained.

[0027] Accordingtoathirteenth aspectofthe invention,
in the air supply apparatus of the air lubrication type ship
of any one of the first to twelfth aspects, a blower whose
rotational speed can be controlled is used as the pres-
sure-increasing means. According to this aspect, it is
possible to carry out the pressure-increasing adjustment
by the blower in accordance with variation in pressurized
air pressure or draft pressure.

[0028] According to a fourteenth aspect of the inven-
tion, in the air supply apparatus of the air lubrication type
ship of the thirteenth aspects, the rotational speed of the
blower is detected, and a detected rotational speed de-
tection value is fed back to control the blower. According
to this aspect, since it is possible to carry out control
based on the rotational speed of the blower, and it is
possible to carry out control without carrying out detection
of the flow rate detecting means and the like.

[0029] According to a fifteenth aspect of the invention,
in the air supply apparatus of the air lubrication type ship
of any one of the ninth to fourteenth aspects, the air sup-
ply apparatus further includes ship’s hull movement de-
tecting means which detects movement of the ship’ s
hull, and a ship’ s hull movement detection value of the
ship’s hull movement detecting means is fed forward to
control the flow rate adjusting valve and/or the pressure-
increasing means. According to this aspect, since the air
supply apparatus includes the ship’s hull movement de-
tecting means, it is possible to forecast variation of draft
or the like from the ship’s hull movement detection value,
to change the combination of pressurized air and pres-
sure-increased air, and to control a flow rate.

[EFFECT OF THE INVENTION]

[0030] According to the invention, even if pressurized
air pressure supplied to the main engine by the turbo-
charger is varied by output of the main engine, and even
if draft pressure is varied by a loaded state, pressure of
the pressurized air can be increased and the pressurized
air can be ejected in accordance with these variations.
Thus, it is possible to realize an air lubrication type ship
having high energy efficiency and capable of enhancing
the energy saving effect.

[0031] Ifthe air supply apparatus includes the plurality
of pressure-increasing means, the plurality of pressure-
increasing path and the plurality of path selecting means,
and if pressure-increased air can be supplied by opera-
tion of an arbitrary number of pressure-increasing
means, it is possible to increase pressure of the pressu-
rized air and to eject the pressurized air in accordance
with variation in pressurized air pressure and variation in
draft pressure by switching the plurality of pressure-in-
creasing means. Therefore, it is possible to further en-
hance the energy efficiency and the energy saving effect.
[0032] If the pressure-increasing means is further pro-
vided with the atmosphere taking-in means for taking in
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air from atmosphere and pressure of air from the atmos-
phere can be increased and supplied, the bypass path
supplies pressurized air, and the pressure-increasing
path supplies air from the atmosphere. Therefore, it is
possible to increase an ejection amount of air to the sur-
roundings of the ship’ s hull, to enhance the friction re-
ducing effect, and to further enhance the energy saving
effect.

[0033] The path selecting means selects the bypass
path, the pressurized air is supplied through the bypass
path while bypassing the pressure-increasing means,
and the atmosphere taking-in means is controlled, then
pressure of air from the atmosphere is increased and the
air is supplied through the pressure-increasing path. Ac-
cording to this, pressurized air is supplied through the
bypass path, and air from the atmosphere is supplied
through the pressure-increasing path. Therefore, it is
possible to increase an ejection amount of air to the sur-
roundings of the ship’s hull, to enhance the friction re-
ducing effect, and to further enhance the energy saving
effect.

[0034] The pressurized air which is taken out by the
taking-out means is scavenging gas as a portion of the
pressurized air sent from a compressor which configures
the turbocharger to the main engine. According to this,
by utilizing the scavenging gas, it is possible to reduce
energy which is required for the pressure-increasing
means.

[0035] The air supply apparatus further includes draft
detecting means which detects draft of the ship’s hulland
control means which controls the path selecting means
and the pressure-increasing means, and the control
means carries out control based on a detection result of
the draft detecting means. According to this, the draft
detecting means can detect variation in draft pressure
caused by a loaded state, and the control means can
control in accordance with draft pressure so that pressu-
rized air and pressure-increased air can appropriately be
combined with each other and they can be supplied, and
it is possible to accurately set a condition under which
the air lubrication can be applied. Therefore, itis possible
to select an air supply method which becomes that con-
dition and which has high energy efficiency.

[0036] The air supply apparatus further includes load
detecting means which detects a load of the main engine,
and the control means carries out control based on a
detection result of the load detecting means. According
to this, the load detecting means can detect variation in
pressurized air pressure caused by output of the main
engine, and the control means carries out control in ac-
cordance with pressurized air pressure. Therefore, it is
possible to select an air supply method which becomes
that condition and which has high energy efficiency.
[0037] The load detecting means detects scavenging
gas pressure of the turbocharger. According to this, by
detecting variation caused by output of the main engine
by means of scavenging gas pressure, it is possible to
detect variation in pressurized air pressure without time
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lag. Hence, it is possible to carry out control to follow
variation in a load. Therefore, it is possible to enhance
the energy efficiency.

[0038] The air supply apparatus further includes a flow
rate adjusting valve which is located between the turbo-
charger and the pressure-increasing means and which
adjusts a flow rate of the pressurized air. According to
this, the air supply apparatus includes the flow rate ad-
justing valve. Therefore, it is possible to moderate flow
rate variation caused by influence of an operation state
of the pressure-increasing means, and to stabilize a sup-
ply flow rate of pressurized air from the turbocharger to
the main engine. Therefore, it is possible to prevent en-
ergy efficiency of the main engine from being deteriorat-
ed.

[0039] The air supply apparatus further includes flow
rate detecting means which detects a flow rate of the
pressurized air from the turbocharger to the pressure-
increasing means. According to this, since the air supply
apparatus includes the flow rate detecting means, it is
possible to stably control a flow rate of pressurized air.
[0040] A flow rate detection value detected by the flow
rate detecting means is fed back to control the flow rate
adjusting valve. According to this, by controlling the flow
rate adjusting valve, control for taking out pressurized air
in accordance with the set flow rate can be carried out,
and itis possible to appropriately maintain a pressurized
airamount to the main engine, and to effectively enhance
a pressure increasing operation in the pressure-increas-
ing means. Further, even if any trouble is generated in
the pressure-increasing means, since scavenging pres-
sure can be adjusted by the flow rate adjusting valve,
influence of this trouble is not exerted to the main engine,
and a safety level is high. A flow rate is set while main-
taining margin so that such an opening degree that the
flow rate adjusting valve is not fully opened, control to
compensate variation of the pressure-increasing means
is carried out by the flow rate adjusting valve, and a flow
rate can be stabilized.

[0041] An opening degree of the flow rate adjusting
valve or a flow rate detection value detected by the flow
rate detecting means is fed back to control the pressure-
increasing means. According to this, it is possible to con-
trol the pressure-increasing means in accordance with a
set opening degree or a set flow rate, and a predeter-
mined flow rate can be obtained.

[0042] A blower whose rotational speed can be con-
trolled is used as the pressure-increasing means. Ac-
cording to this, it is possible to carry out the pressure-
increasing adjustment by the blower in accordance with
variation in pressurized air pressure or draft pressure.
[0043] The rotational speed of the blower is detected,
and a detected rotational speed detection value is fed
back to control the blower. According to this, since it is
possible to carry outcontrol based on the rotational speed
of the blower, and it is possible to carry out control without
carrying out detection of the flow rate detecting means
and the like.



9 EP 2778 039 A1 10

[0044] The air supply apparatus further includes ship’s
hull movement detecting means which detects move-
ment of the ship’ s hull, and a ship’s hull movement de-
tection value of the ship’s hull movement detecting
means is fed forward to control the flow rate adjusting
valve and/or the pressure-increasing means. According
to this, since the air supply apparatus includes the ship’s
hull movement detecting means, it is possible to forecast
variation of draft or the like from the ship’s hull movement
detection value, to change the combination of pressu-
rized air and pressure-increased air, and to control a flow
rate.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0045]

Fig. 1 is a schematic block diagram of an air lubrica-
tion type ship provided with an air supply apparatus
according to an embodiment of the present inven-
tion;

Fig. 2 is a schematic block diagram of the air supply
apparatus of the air lubrication type ship showing
paths which increase pressure of scavenging by-
pass gas to eject the same from an air supply port;
Fig. 3 is a schematic block diagram of the air supply
apparatus of the air lubrication type ship showing
paths which eject scavenging bypass gas from an
air supply port without increasing pressure of the
scavenging bypass gas;

Fig. 4 is a schematic block diagram of the air supply
apparatus of the air lubrication type ship showing
paths which separately eject scavenging bypass gas
and air taken in from atmosphere from an air supply
port;

Fig. 5 is a diagram showing a switching method un-
der respective conditions wherein a lateral axis
shows scavenging pressure (Ps) and a vertical axis
shows draft pressure (Pd);

Fig. 6 is a schematic block diagram of an air supply
apparatus according to another embodiment of the
air lubrication type ship; and

Fig. 7 is a schematic block diagram of an air supply
apparatus according to further another embodiment
of the air lubrication type ship.

[EXPLANATION OF SYMBOLS]

[0046]

1 ship’s hull

4 ship’s bottom

6 main engine

7 air supply apparatus

10 turbocharger

21 taking-out path

22 flow rate adjusting valve

30a first pressure-increasing means
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30b  second pressure-increasing means
31 flow rate detecting means

32 valve-controller

33 blower controller

41a  first pressure-increasing path

41b  second pressure-increasing path

51 bypass path

61a first on-off valve
61b  second on-off valve
62a  fourth on-off valve
62b fifth on-off valve

63 third on-off valve
70 atmosphere taking-in path

71a first atmosphere taking-in path
71b  second atmosphere taking-in path
72a  sixth on-off valve

72b  eighth on-off valve

73a first atmosphere path

73b  second atmosphere path

74a  seventh on-off valve

74b  ninth on-off valve

80 air supply port
90 air path

110  control means

111 draft detecting means

112  load detecting means

113  ship’s hull movement detecting means

[MODE FOR CARRYING OUT THE INVENTION]

[0047] Anairsupply apparatus of an air lubrication type
ship according to an embodiment of the presentinvention
will be described below.

[0048] Fig. 1 is a schematic block diagram of the air
lubrication type ship provided with the air supply appa-
ratus according to the embodiment of the invention. Figs.
2 to 4 are schematic block diagrams of the air supply
apparatus of the air lubrication type ship. Fig. 2 shows
path which increase pressure of scavenging bypass gas
to eject the same from an air supply port. Fig. 3 shows
paths which eject scavenging bypass gas from an air
supply port without increasing pressure of the scaveng-
ing bypass gas. Fig. 4 shows paths which separately eject
scavenging bypass gas and air taken in from atmosphere
from an air supply port.

[0049] As shown Fig. 1, the air lubrication type ship of
the embodiment includes an air supply apparatus 7 (main
part) on the side of a stem portion 2 of a ship’s hull 1,
and a drive source 5 which drives a propeller on the side
of a stern 3. The ship’s bottom 4 of the stem portion 2 is
provided with an air supply port 80. If air is ejected as air
bubbles to surroundings of a ship’s bottom 4 of the ship’s
hull 1 from the air supply port 80 is possible to supply air
bubbles to a wide region of the ship’s bottom 4 below a
sea level S.L., and it is possible to obtain a high friction
resistance reducing effect.

[0050] If the air supply apparatus 7 is provided on the
stem portion 2, an air path 90 reaching the air supply port
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80 can be shortened. Therefore, itis possible to suppress
a pressure loss in the air path 90, and to efficiently supply
air to the air supply port 80.

[0051] The air supply port 80 may be provided on a
side surface of the stem close to the ship’s bottom 4, the
ship’s bottom 4 at which a width of the ship’s hull 1 starts
narrowing, or a side surface of the ship’s hull 1.

[0052] The drive source 5 includes a main engine 6
which is an internal combustion engine, and a turbo-
charger 10 which supplies pressurized air to the main
engine 6 and which is driven by exhaust gas of the main
engine 6.

[0053] A portion of pressurized air before it is supplied
to the main engine 6 is sent to the air supply apparatus
7 through a taking-out path 21.

[0054] The air supply apparatus 7 is provided with an
atmosphere taking-in path 70 through which air is taken
in from atmosphere.

[0055] Next, a configuration ofthe air supply apparatus
will be described using Fig. 2.

[0056] A portion of pressurized air is introduced into
the air supply apparatus 7 (main part) from the taking-
out path 21.

[0057] Theturbocharger10includesaturbine 11which
takes out power from an exhaust path of the main engine
6, a compressor 12 which is operated by the turbine 11,
and a scavenging receiver 13 which introduces air pres-
surized by the compressor 12 into a cylinder of the main
engine 6.

[0058] One end of the taking-out path 21 is connected
to the scavenging receiver 13. Pressurized air is intro-
duced into the taking-out path 21 from the scavenging
receiver 13.

[0059] The other end of the taking-out path 21 is
branched into three paths. Each of the path ends is pro-
vided with a first on-off valve 61a, a second on-off valve
61b and a third on-off valve 63.

[0060] The taking-out path 21 is provided with a flow
rate adjusting valve 22 which adjusts a flow rate of pres-
surized air, and flow rate detecting means 31 which de-
tects a flow rate of pressurized air. The flow rate adjusting
valve 22 is fed back using a flow rate detection value
detected by the flow rate detecting means 31 and is PID
controlled. A flow rate detection value detected by the
flow rate detecting means 31 is compared with asetvalue
SP by a valve-controller 32, and the valve-controller 32
gives an operation signal to the flow rate adjusting valve
22 such that the flow rate detection value approaches
the set value SP. The set value SP which is input to the
valve-controller 32 sets an optimal flow rate that is suit-
able for output of the main engine for example.

[0061] Taking-out means is composed of the taking-
out path 21, the flow rate adjusting valve 22, the flow rate
detecting means 31 and the valve-controller 32.

[0062] A blower controller 33 feeds back a flow rate
detection value detected by an opening degree of the
flow rate adjusting valve 22, and controls first pressure-
increasing means 30a. The flow rate detection value de-
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tected by the flow rate adjusting valve 22 is compared
with a set value by the blower controller 33, and the blow-
er controller 33 controls the rotational speed (rotational
frequency) of the first pressure-increasing means 30a
such that the flow rate detection value approaches the
setvalue SP. The set value SP whichis input to the blower
controller 33 sets a constant (given) value in a range of
80 to 95% of the opening degree for example.

[0063] Afirst pressure-increasing path 41a is provided
at its one end with the first on-off valve 61a and at its
other end with a fourth on-off valve 62a. The first pres-
sure-increasing path 41a is provided with the first pres-
sure-increasing means 30a which further increases pres-
sure of pressurized air which is taken out by the taking-
out means. The first pressure-increasing path 41a sup-
plies air whose pressure is increased by the first pres-
sure-increasing means 30a.

[0064] A second pressure-increasing path 41b is pro-
vided at its one end with a second on-off valve 61b and
at its other end with a fifth on-off valve 62b. The second
pressure-increasing path 41b is provided with second
pressure-increasing means 30b which further increases
pressure of pressurized air taken out by the taking-out
means. The second pressure-increasing path 41b sup-
plies pressure-increased air whose pressureis increased
by the second pressure-increasing means 30b.

[0065] A bypass path 51 which bypasses the first pres-
sure-increasing means 30a and the second pressure-
increasing means 30b is connected to a third on-off valve
63.

[0066] The path selecting means which selects the first
pressure-increasing path 41a and the bypass path 51 is
composed of the first on-off valve 61a, the third on-off
valve 63 and the fourth on-off valve 62a.

[0067] Path selecting means which selects the second
pressure-increasing path 41b and the bypass path 51 is
composed of the second on-off valve 61b, the third on-
off valve 63 and the fifth on-off valve 62b.

[0068] The path selecting means can include setting
means which sets path selection and control means
which controls the path selection.

[0069] A first atmosphere taking-in path 71a is con-
nected to the first pressure-increasing path 41a which
connects the first on-off valve 61a and the first pressure-
increasing means 30a to each other. One end of the first
atmosphere taking-in path 71a opens into atmosphere
and the other end thereof is connected to the first pres-
sure-increasing path 41a. The first atmosphere taking-in
path 71a is provided with a sixth on-off valve 72a.
[0070] A firstatmosphere path 73a is connected to the
first pressure-increasing path 41a which connects the
first pressure-increasing means 30a and the fourth on-
off valve 62a to each other. One end of the first atmos-
phere path 73ais connected to the first pressure-increas-
ing path 41a and the other end there of is connected to
a seventh on-off valve 74a.

[0071] The atmosphere taking-in means which takes
in air from atmosphere into the first pressure-increasing
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means 30a is composed of the first atmosphere taking-
in path 71a and the sixth on-off valve 72a.

[0072] Asecond atmosphere taking-in path 71bis con-
nected to the second pressure-increasing path 41b which
connects the second on-off valve 61b and the second
pressure-increasing means 30b to each other. One end
of the second atmosphere taking-in path 71b opens into
atmosphere and the other end thereof is connected to
the second pressure-increasing path 41b. The second
atmosphere taking-in path 71b is provided with an eighth
on-off valve 72b.

[0073] A second atmosphere path 73b is connected to
the second pressure-increasing path 41bwhich connects
the second pressure-increasing means 30b and the fifth
on-off valve 62b to each other. One end of the second
atmosphere path 73b is connected to the second pres-
sure-increasing path 41b and the other end thereof is
connected to a ninth on-off valve 74b.

[0074] Atmosphere taking-in means which takes in air
from atmosphere into the second pressure-increasing
means 30b is composed of the second atmosphere tak-
ing-in path 71b and the eighth on-off valve 72b.

[0075] The air supply port 80 shown in Fig. 1 is com-
posed of an S1 starboard-side supply port 81, an S2 star-
board-side supply port 82, an S3 starboard-side supply
port 83, a P1 port-side supply port 84, a P2 port-side
supply port 85, and a P3 port-side supply port 86.
[0076] An S1 supply path 91 is connected to the S1
starboard-side supply port 81. An S2 supply path 92 is
connected to the S2 starboard-side supply port 82. An
S3 supply path 93 is connected to the S3 starboard-side
supply port 83. A P1 supply path 94 is connected to the
P1 port-side supply port 84. A P2 supply path 95 is con-
nected to the P2 port-side supply port 85. A P3 supply
path 96 is connected to the P3 port-side supply port 86.
[0077] The S1 supply path 91 is provided with an S1
on-off valve 101. The S2 supply path 92 is provided with
an S2 on-off valve 102. The S3 supply path 93 is provided
with an S3 on-off valve 103. The P1 supply path 94 is
provided with a P1 on-off valve 104. The P2 supply path
95 is provided with a P2 on-off valve 105. The P3 supply
path 96 is provided with a P3 on-off valve 106.

[0078] An outflow side path of the fourth on-off valve
62a branches into a plurality of paths, and is connected
to the S1 supply path 91, the S2 supply path 92, the S3
supply path 93, the P1 supply path 94, the P2 supply
path 95 and the P3 supply path 96.

[0079] An outflow side path of the fifth on-off valve 62b
branches into a plurality of paths, and is connected to
the S1 supply path 91, the S2 supply path 92, the S3
supply path 93, the P1 supply path 94, the P2 supply
path 95 and the P3 supply path 96.

[0080] An outflow side path of the bypass path 51
branches into a plurality of paths, and is connected to
the S1 supply path 91, the S2 supply path 92, the S3
supply path 93, the P1 supply path 94, the P2 supply
path 95 and the P3 supply path 96.

[0081] An outflow side path 75a of the seventh on-off
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valve 74a is connected to the S1 starboard-side supply
port 81.

[0082] Anoutflow side path 75b ofthe ninth on-off valve
74b is connected to the P1 port-side supply port 84.
[0083] The air supply apparatus 7 further includes con-
trol means 110 which controls the taking-out means, the
path selecting means, the first pressure-increasing
means 30a and the atmosphere taking-in means. The air
supply apparatus 7 further includes draft detecting
means 111 which detects draft of the ship’s hull 1, load
detecting means 112 which detects a load of the main
engine 6, and ship’s hullmovement detecting means 113
which detects movement of the ship’s hull 1.

[0084] The load detecting means 112 detects a load
based on scavenging gas pressure of the turbocharger
10.

[0085] The control means 110 carries out control
based on a result of detection of at least one of the draft
detecting means 111, the load detecting means 112 and
the ship’s hull movement detecting means 113.

[0086] The ship’s hull movement detection value of the
ship’s hull movement detecting means 113 can control
the flow rate adjusting valve 22 and/or the first pressure-
increasing means 30a by feedforward. In this case, by
feedforward control, variation of draft or the like is fore-
casted from a ship’ s hull movement detection value to
control the flow rate adjusting valve 22 and the first pres-
sure-increasing means 30a, and it is possible to control
an air supply system which relatively slowly responds
without reply delay. Conceptually, rough and quick con-
trol is carried out by feedforward control and fine control
is carried out by feedback control.

[0087] Fig. 2 shows only control concerning the first
pressure-increasing means 30a, but the second pres-
sure-increasing means 30b can also be controlled based
on a similar configuration. In this case, the blower con-
troller 33 can be provided with a control function. It is
preferable that blowers whose rotational speed can be
controlled are used for the first pressure-increasing
means 30a and the second pressure-increasing means
30b.

[0088] Next, the air supply port will be described using
Figs. 2 to 4.

[0089] Fig. 2 shows paths which increase pressure of
scavenging bypass gas and eject the same from the air
supply port.

[0090] Pressurized air from the taking-out path 21 is
guided into the first pressure-increasing path 41a by the
path selecting means, and pressure thereof is increased
by the first pressure-increasing means 30a. Thereafter,
the pressurized air is guided into the S1 supply path 91,
the S2 supply path 92, the P1 supply path 24 and the P2
supply path 95, and is ejected from the S1 starboard-side
supply port 81, the S2 starboard-side supply port 82, the
P1 port-side supply port 84 and the P2 port-side supply
port 85.

[0091] The path selecting means opens the first on-off
valve 61a and the fourth on-off valve 62a, and closes the
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second on-off valve 61b, the third on-off valve 63 and the
fifth on-off valve 62b, thereby guiding pressurized air from
the taking-out path 21 into the first pressure-increasing
path 41a.

[0092] When pressure of scavenging bypass gasis in-
creased anditis ejected, air from atmosphere is nottaken
in. Therefore, the sixth on-off valve 72a, the seventh on-
off valve 74a, the eighth on-off valve 72b and the ninth
on-off valve 74b are closed.

[0093] Pressure-increased air is ejected from the S1
starboard-side supply port 81, the S2 starboard-side sup-
ply port 82, the P1 port-side supply port 84 and the P2
port-side supply port 85. Therefore, the S1 on-off valve
101, the S2 on-off valve 102, the P1 on-off valve 104 and
the P2 on-off valve 105 are opened, and the S3 on-off
valve 103 and the P3 on-off valve 106 are closed.
[0094] The paths shown in Fig. 2 are effective when
the ship is fully loaded and output of the main engine 6
is low. Thatis, when the ship is fully loaded, draft pressure
becomes high, and when pressurized air pressure sup-
plied to the main engine 6 is lowered, if pressure-in-
creased air assisted by the first pressure-increasing
means 30a is ejected, it is possible to eject air which
reduces friction resistance.

[0095] Here, arise of draft pressure is detected by the
draft detecting means 111, reduction in pressurized air
pressure supplied to the main engine 6 is detected by
the load detecting means 112.

[0096] Therefore, if the draft detecting means 111 de-
tects the rise of draft pressure and the load detecting
means 112 detects the reduction of pressurized air pres-
sure, the control means 110 controls the path selecting
means, other on-off valves, the first pressure-increasing
means 30a and the second pressure-increasing means
30b, and the first pressure-increasing means 30a is as-
sisted.

[0097] Fig. 3 shows paths which eject scavenging by-
pass gas from the air supply port without increasing pres-
sure of the scavenging bypass gas.

[0098] Pressurized air from the taking-out path 21 is
guided into the bypass path 51 by the path selecting
means. Thereafter, the pressurized air is guided into the
S1 supply path 91, the S2 supply path 92, the P1 supply
path 94 and the P2 supply path 95, and the pressurized
air is ejected from the S1 starboard-side supply port 81,
the S2 starboard-side supply port 82, the P1 port-side
supply port 84 and the P2 port-side supply port 85.
[0099] The path selecting means closes the first on-off
valve 61a, the fourth on-off valve 62a, the second on-off
valve 61b and the fifth on-off valve 62b, and opens the
third on-off valve 63, thereby guiding the pressurized air
from the taking-out path 21 into the bypass path 51.
[0100] Whenscavenging bypass gasis ejected without
increasing its pressure, air from atmosphere is not taken
in. Therefore, the sixth on-off valve 72a, the seventh on-
off valve 74a, the eighth on-off valve 72b and the ninth
on-off valve 74b are closed.

[0101] The pressurized air is ejected from the S1 star-
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board-side supply port 81, the S2 starboard-side supply
port 82, the P1 port-side supply port 84 and the P2 port-
side supply port 85. Therefore, the S1 on-off valve 101,
the S2 on-off valve 102, the P1 on-off valve 104 and the
P2 on-off valve 105 are opened, and the S3 on-off valve
103 and the P3 on-off valve 106 are closed.

[0102] The paths shown in Fig. 3 are effective when
the ship is fully loaded and the output of the main engine
6is high. Thatis, when the ship is fully loaded, draft pres-
sure becomes high, but when pressurized air pressure
supplied to the main engine 6 is high, pressurized air can
be ejected without carrying out the assist by the first pres-
sure-increasing means 30a, and it is possible to eject air
which reduces friction resistance.

[0103] Here, arise of draft pressure is detected by the
draft detecting means 111, and pressurized air pressure
supplied to the main engine 6 is detected by the load
detecting means 112.

[0104] Therefore, evenifthedraftdetecting means 111
detects a rise of draft pressure, if the load detecting
means 112 detects sufficient pressurized air pressure,
the control means 110 controls the path selecting means,
other on-off valves, the first pressure-increasing means
30a andthe second pressure-increasing means 30b, and
the first pressure-increasing means 30a is not assisted.
[0105] Fig. 4 shows paths which separately eject scav-
enging bypass gas and airtaken in from atmosphere from
an air supply port.

[0106] Pressurized air from the taking-out path 21 is
guided into the bypass path 51 by the path selecting
means. Thereafter, the pressurized air is guided into the
S2 supply path 92, the S3 supply path 93, the P2 supply
path 95 and the P3 supply path 96, and the pressurized
air is ejected from the S2 starboard-side supply port 82,
the S3 starboard-side supply port 83, the P2 port-side
supply port 85 and the P3 port-side supply port 86.
[0107] Air introduced from one end of the first atmos-
phere taking-in path 71a is guided into the first pressure-
increasing path 41a, its pressure is increased by the first
pressure-increasing means 30a and then, the air is guid-
ed into the first atmosphere path 73a and the outflow side
path 75a and is ejected from the S1 starboard-side supply
port 81.

[0108] Air introduced from one end of the second at-
mosphere taking-in path 71b is guided into the second
pressure-increasing path 41b, pressure thereof is in-
creased by the second pressure-increasing means 30b
and then, the air is guided into the second atmosphere
path 73b and the outflow side path 75b and is ejected
from the P1 port-side supply port 84.

[0109] The path selecting means closes the first on-off
valve 61a, the fourth on-off valve 62a, the second on-off
valve 61b and the fifth on-off valve 62b, and opens the
third on-off valve 63, thereby guiding pressurized air from
the taking-out path 21 into the bypass path 51.

[0110] Since air from atmosphere is taken in, the sixth
on-off valve 72a, the seventh on-off valve 74a, the eighth
on-off valve 72b and the ninth on-off valve 74b are
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opened.

[0111] Pressurized air is ejected from the S2 star-
board-side supply port 82, the S3 starboard-side supply
port 83, the P2 port-side supply port 85 and the P3 port-
side supply port 86. Therefore, the S2 on-off valve 102,
the S3 on-off valve 103, the P2 on-off valve 105 and the
P3 on-off valve 106 are opened, and the S1 on-off valve
101 and the P1 on-off valve 104 are closed.

[0112] The paths shown in Fig. 4 are effective when
the ship has no load and ballast water is supplied into a
ballast tank. That is, since draft pressure becomes low
when the ship has no load and ballast water is supplied
into a ballast tank, pressurized air supplied to the main
engine 6 can be ejected without carrying out the assist
by the first pressure-increasing means 30a, and it is pos-
sible to eject air which reduces friction resistance. Since
draftpressureis lowwhenthe ship has noload and ballast
water is supplied into a ballast tank, large energy is not
required for operating the first pressure-increasing
means 30a and the second pressure-increasing means
30b. Therefore, if the first pressure-increasing means
30a and the second pressure-increasing means 30b are
operated and air taken in from atmosphere is used, an
effect for reducing friction resistance becomes greater
than a loss of energy which is required for operating the
first pressure-increasing means 30a and the second
pressure-increasing means 30b.

[0113] Reduction of draft pressure when the ship has
no load and ballast water is supplied into a ballast tank
is detected by the draft detecting means 111.

[0114] Therefore, when the reduction of draft pressure
is detected by the draft detecting means 111, the path
selecting means, the other on-off valves, the first pres-
sure-increasing means 30a and the second pressure-
increasing means 30b are controlled by the control
means 110, the scavenging bypass gas is discharged
and air taken in from atmosphere is also ejected.

[0115] Next, a switching method of paths will be de-
scribed.
[0116] In Fig. 5, a lateral axis shows scavenging pres-

sure (Ps) and a vertical axis shows draft pressure (Pd).
The switching method under respective conditions will
be described.

[0117] When the scavenging pressure (Ps) is equal to
or less than a predetermined value, scavenging bypass
is not carried out (scavenging bypass stopping region),
and when the scavenging pressure (Ps) exceeds the pre-
determined value, the scavenging bypass is carried out
(scavenging bypass executing region).

[0118] A region A is the scavenging bypass stopping
region, and draft pressure is equal to or less than a pre-
determined value (DPb) and Pd > Ps is satisfied. In the
region A, the first pressure-increasing means 30a and
the second pressure-increasing means 30b are operated
and the air taken in from atmosphere is used. Here, the
predetermined value (DPb) is pressure in which a reduc-
tion effect of friction resistance caused by ejection of air
becomes greater than a loss of energy which is required
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for the first pressure-increasing means 30a and the sec-
ond pressure-increasing means 30b.

[0119] Theregion B is the scavenging bypass stopping
region and in this region, the draft pressure is higher than
the predetermined value (DPDb). In the region B, a loss
of energy which is required for the first pressure-increas-
ing means 30a and the second pressure-increasing
means 30b is greater than the reduction effect of the fric-
tion resistance caused by ejection of air. Therefore, air
is not ejected to the surroundings of the ship’s hull 1.
[0120] Aregion C is the scavenging bypass executing
region and in this region, DPb + Pd > Ps - P1 is satisfied.
Since the loss of energy is greater than the reduction
effect of the friction resistance caused by ejection of air
in the region C, air is not ejected to the surroundings of
the ship’s hull 1. Here, P1 is loss pressure in a path.
[0121] A region D is a scavenging bypass executing
region and in this region, draft pressure is higher than
the predetermined value (DPb), Pd > Ps - P1, and DPb
+ Pd < Ps - P1 are satisfied. In the region D, pressure of
scavenging bypass gas is increased and the gas is eject-
ed (Fig. 2).

[0122] A region E is a scavenging bypass executing
region and in this region, draft pressure is higher than
the predetermined value (DPb) and Pd < Ps - P1 is sat-
isfied. In the region E, scavenging bypass gas is ejected
without increasing its pressure (Fig. 3).

[0123] A region F is a scavenging bypass executing
region and in this region, the draft pressure is equal to
or less than the predetermined value (DPb), and Pd < Ps
- P1 is satisfied. In the region F, scavenging bypass gas
and air taken in from atmosphere are separately ejected
(Fig. 4).

[0124] A region G is a scavenging bypass executing
region and in this region, draft pressure is equal to or less
than the predetermined value (DPb) and Pd > Ps - P1
and DPb + Pd < Ps - P1 are satisfied. In the region G,
pressure of scavenging bypass gas is increased and the
gas is ejected (Fig. 2). Inthe region G, although operation
only by the blower can be carried out, assist blower is
carried out, energy required for driving the blower is re-
duced utilizing excessive scavenging, and energy effi-
ciency is taken into consideration.

[0125] As described above, according to this embodi-
ment, the air supply apparatus of the air lubrication type
ship includes the turbocharger 10 which supplies pres-
surized air to the main engine 6 of the air lubrication type
ship, the taking-out means which takes out a portion of
the pressurized air, the first pressure-increasing means
30a which further increases pressure of the pressurized
air which is taken out by the taking-out means, the first
pressure-increasing path 41a which supplies pressure-
increased air whose pressure is increased by the first
pressure-increasing means 30a, the bypass path 51
which bypasses the first pressure-increasing means 30a,
and the path selecting means which selects the first pres-
sure-increasing path 41a and the bypass path 51, the
path selecting means selects the first pressure-increas-
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ing path 41a and/or the bypass path 51, pressure-in-
creased air and/or pressurized air is supplied and it is
ejected to surroundings of a ship’s hull. According to this,
when the bypass path 51 is selected, air is ejected to the
surroundings of the ship’s hull 1 using pressurized air
which is supplied to the main engine 6, and when the first
pressure-increasing path 41a is selected, air can be
ejected to the surroundings of the ship’s hull 1 using pres-
sure-increased airwhich is obtained by further increasing
pressure of pressurized air by the first pressure-increas-
ing means 30a. That is, it is possible to select between
two cases, i.e., a case where only pressurized air is eject-
ed and a case where pressure-increased air assisted by
the first pressure-increasing means 30a is ejected.
Therefore, even if pressurized air pressure supplied to
the main engine 6 is varied by output of the main engine
6, or even if draft pressure is varied by a loaded state, it
is possible to increase pressure of the pressurized air in
accordance with such variation and to eject the pressu-
rized air. Therefore, it is possible to realize the air lubri-
cation type ship having high energy efficiency and capa-
ble of enhancing the energy saving effect.

[0126] Further, according to the embodiment, the air
supply apparatus of the air lubrication type ship further
includes the first pressure-increasing means 30a and the
second pressure-increasing means 30b, the first pres-
sure-increasing path 41a and the second pressure-in-
creasing path 41b, as well as the first on-off valve 61a,
the fourth on-off valve 62a, the second on-off valve 61b
and the fifth on-off valve 62b as path selecting means,
and pressure-increased air can be supplied by operating
one of or both of the first pressure-increasing means 30a
and the second pressure-increasing means 30b. Accord-
ing to this, it is possible to increase pressure of pressu-
rized air and to eject the pressurized air in accordance
with variation of pressurized air pressure and variation
of draft pressure. Therefore, it is possible to further en-
hance the energy efficiency and the energy saving effect.
[0127] Further, according to the embodiment, the first
pressure-increasing means 30a and the second pres-
sure-increasing means 30b is further provided with the
atmosphere taking-in means which takes in air from at-
mosphere, and pressure of air from atmosphere can be
increased and the air can be supplied. According to this,
air can be ejected to the surroundings of the ship’s hull
1 using air from atmosphere separately from the pressu-
rized air, and when draft pressure is low for example, air
from atmosphere can be supplied to the surroundings of
the ship’s hull 1, and it is possible to further enhance the
energy efficiency and the energy saving effect.

[0128] Further, according to the embodiment, the path
selecting means selects the bypass path 51, pressurized
air is supplied through the bypass path 51 bypassing the
first pressure-increasing means 30a and the second
pressure-increasing means 30b, the atmosphere taking-
in means is controlled, pressure of air from atmosphere
is increased, and the air is supplied through the first pres-
sure-increasing path 41a and the second pressure-in-
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creasing path 41b. According to this, the bypass path 51
supplies pressurized air, the first pressure-increasing
path 41a and the second pressure-increasing path 41b
supply air from atmosphere, thereby increasing an eject-
ing amount of air to surroundings of the ship’s hull 1, and
itis possible to further enhance the friction reducing effect
and the energy saving effect.

[0129] According to the embodiment, pressurized air
which is taken out by the taking-out means utilizes scav-
enging gas as a portion of pressurized air sent to the
main engine 6 from the compressor 12 which configures
the turbocharger 10. According to this, it is possible to
reduce energy which is required for the first pressure-
increasing means 30a.

[0130] According tothe embodiment, the air supply ap-
paratus of the air lubrication type ship further includes
the draft detecting means 111 which detects draft of the
ship’s hull 1, and the control means 110 which controls
the path selecting means and the first pressure-increas-
ing means 30a, and the control means 110 carries out
control based on a detection result of the draft detecting
means 111. According to this, the draft detecting means
111 can detect variation of the draft pressure caused by
a loaded state, the control means 110 carries out control
suitable for the draft pressure, pressurized air and pres-
sure-increased air can be provided in appropriate com-
bination, it is possible to reliably set a condition under
which air lubrication can be applied, and it is possible to
select an air supply method which becomes that condi-
tion and which has high energy efficiency.

[0131] According to the embodiment, the air supply ap-
paratus of the air lubrication type ship further includes
the load detecting means 112 which detects a load of the
main engine 6, and the control means 110 carries out
control based on a detection result of the load detecting
means 112. According to this, the load detecting means
112 can detect variation of pressurized air pressure
caused by output of the main engine 6, the control means
110 can carries out control suitable for the pressurized
air pressure, and it is possible to select an air supply
method which has high energy efficiency.

[0132] According to the embodiment, the load detect-
ing means 112 detects scavenging gas pressure of the
turbocharger 10. According to this, since it is possible to
detect variation of the pressurized air pressure without
time lag, and to carries out control to follow variation of
aload, anditis possible to enhance the energy efficiency.
[0133] According to the embodiment, the air supply ap-
paratus of the air lubrication type ship includes the flow
rate adjusting valve 22 provided between the turbocharg-
er 10 and the first pressure-increasing means 30a or the
second pressure-increasing means 30b, and the flow
rate adjusting valve 22 adjusts a flow rate of pressurized
air. According to this, it is possible to moderate flow rate
variation generated by influence of an operation state of
the first pressure-increasing means 30a or the second
pressure-increasing means 30b, to stabilize a supply flow
rate of pressurized air from the turbocharger 10 to the
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main engine 6, and to prevent the energy efficiency of
the main engine 6 from being deteriorated.

[0134] Accordingto the embodiment, the air supply ap-
paratus of the air lubrication type ship includes the flow
rate detecting means 31 which detects a flow rate of pres-
surized air from the turbocharger 10 to the first pressure-
increasing means 30a or the second pressure-increasing
means 30b. According to this, it is possible to stably con-
trol the flow rate of pressurized air.

[0135] According to the embodiment, a flow rate de-
tection value detected by the flow rate detecting means
31 is fed back and the flow rate adjusting valve 22 is
controlled. According to this, it is possible to carry out
control to take out a pressurized air amount in accord-
ance with a setflowrate, and itis possible to appropriately
maintain the pressurized air amount to the main engine
6, and to effectively enhance a pressure increasing effect
at the first pressure-increasing means 30a or the second
pressure-increasing means 30b. Further, when a trouble
is generated in the first pressure-increasing means 30a
or the second pressure-increasing means 30b, since it
is possible to adjust the scavenging pressure by the flow
rate adjusting valve 22, no trouble is given to the main
engine 6 and safety is high.

[0136] According to the embodiment, a flow rate de-
tection value detected by an opening degree of the flow
rate adjusting valve 22 is fed back, and the first pressure-
increasing means 30a or the second pressure-increasing
means 30b is controlled. According to this, it is possible
to control the first pressure-increasing means 30a or the
second pressure-increasing means 30b in accordance
with a set opening degree or a set flow rate to obtain a
predetermined flow rate.

[0137] According to the embodiment, a blower whose
rotational speed can be controlled is used as the first
pressure-increasing means 30a or the second pressure-
increasing means 30b. According to this, it is possible to
carries outthe pressure increasing adjustment in accord-
ance with variation of pressurized air pressure or varia-
tion of draft pressure.

[0138] Accordingto the embodiment, the air supply ap-
paratus of the air lubrication type ship further includes
the ship’s hull movement detecting means 113 which de-
tects movement of the ship’s hull 1, a ship’s hull move-
ment detection value of the ship’s hull movement detect-
ing means 113 is fed forward to control the flow rate ad-
justing valve 22 and/or first pressure-increasing means
30a (or second pressure-increasing means 30b). Ac-
cording to this, it is possible to forecast variation of draft
or the like from the ship’s hull movement detection value,
to change the combination of pressurized air and pres-
sure-increased air, and to control a flow rate.

[0139] A configuration of an air supply apparatus ac-
cording to another embodiment will be described using
Fig. 6.

[0140] Fig. 6 is a schematic block diagram of the air
supply apparatus according to the other embodiment of
the air lubrication type ship. The same symbols are allo-
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cated to members having the same functions as those
of the previously described embodiment, and description
thereof will be omitted.

[0141] The blower controller 33 in this embodiment
feeds back a flow rate detection value detected by the
flow rate detecting means 31 to control the first pressure-
increasing means 30a. The flow rate adjusting valve 22
is fully opened, and control is carried out to close the flow
rate adjusting valve 22 when an abnormal state occurs.
[0142] According to the embodiment, it is possible to
control the first pressure-increasing means 30a with ex-
cellent response.

[0143] Although Fig. 6 shows only control concerning
the first pressure-increasing means 30a, the second
pressure-increasing means 30b can also be controlled
based on a similar configuration.

[0144] It is preferable that blowers whose rotational
speed can be controlled are used for the first pressure-
increasing means 30a and the second pressure-increas-
ing means 30b.

[0145] A configuration of an air supply apparatus ac-
cording to another embodiment will be described using
Fig. 7.

[0146] Fig. 7 is a schematic block diagram of the air
supply apparatus according to the other embodiment of
the air lubrication type ship. The same symbols are allo-
cated to members having the same functions as those
of the previously described embodiment, and description
thereof will be omitted.

[0147] The blower controller 33 in this embodiment de-
tects the rotational speed of the first pressure-increasing
means 30a, feeds back a detected rotation number de-
tection value and controls the first pressure-increasing
means 30a. The flow rate adjusting valve 22 is fully
opened, and control is carried out to close the flow rate
adjusting valve 22 when an abnormal state occurs. The
flow rate adjusting valve 22 may be fed back using a flow
rate detection value which is detected by the flow rate
detecting means 31 and may carry out the control.
[0148] According to this embodiment, since it is possi-
ble to control based on the rotational speed of the first
pressure-increasing means 30a, it is possible to carry
out the control without detection of the flow rate detecting
means 31 or the like.

[0149] Although Fig. 7 shows only control concerning
the first pressure-increasing means 30a, the second
pressure-increasing means 30b can also be controlled
based on a similar configuration.

[0150] It is preferable that blowers whose rotational
speed can be controlled are used for the first pressure-
increasing means 30a and the second pressure-increas-
ing means 30b.

[INDUSTRIAL APPLICABILITY]
[0151] According tothe presentinvention, itis possible

toincrease pressure of pressurized airand eject the pres-
surized air in accordance with supplied gas pressure
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which is varied depending upon output of the main engine
and draft pressure which is varied depending upon a
loaded state. Hence, the invention can be utilized as an
air supply apparatus of an air lubrication type ship having
high energy efficiency.

[0152] The idea of the invention can be applied not
only to a ship but also to a floating body and a marine
navigation body which temporarily marine navigate.

Claims

1. Anairsupply apparatus of an air lubrication type ship
which ejects air to surroundings of a ship’s hull to
reduce friction resistance, the air supply apparatus
comprising a turbocharger which supplies pressu-
rized air to a main engine of the air lubrication type
ship, taking-out means which takes out a portion of
the pressurized air, pressure-increasing means
which further increases pressure of the pressurized
air which is taken out by the taking-out means, a
pressure-increasing path through which pressure-
increased air whose pressure is increased by the
pressure-increasing means is supplied, a bypass
path which bypasses the pressure-increasing
means, and path selecting means which selects the
pressure-increasing path and the bypass path,
wherein the path selecting means selects the pres-
sure-increasing path and/or the bypass path to sup-
ply the pressure-increased air and/or the pressu-
rized air and eject the same to the surroundings of
the ship’s hull.

2. The air supply apparatus of an air lubrication type
ship according to claim 1, further comprising at least
one more pressure-increasing means, at least one
more pressure-increasing path and atleastone more
path selecting means, wherein the pressure-in-
creased air can be supplied by operation of an arbi-
trary number of the pressure-increasing means.

3. The air supply apparatus of an air lubrication type
ship according to claim 1 or 2, wherein the pressure-
increasing means is further provided with atmos-
phere taking-in means which takes in air from atmos-
phere, and pressure of the air from the atmosphere
can be increased and the air can be supplied.

4. The air supply apparatus of an air lubrication type
ship according to claim 3, wherein the path selecting
means selects the bypass path, the pressurized air
is supplied through the bypass path while bypassing
the pressure-increasing means, and the atmosphere
taking-in means is controlled, then pressure of air
from the atmosphere is increased and the air is sup-
plied through the pressure-increasing path.

5. The air supply apparatus of an air lubrication type
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10.

1.

12.

13.

ship according to any one of claims 1 to 4, wherein
the pressurized air which is taken out by the taking-
outmeans is scavenging gas as a portion of the pres-
surized air sent from a compressor which configures
the turbocharger to the main engine.

The air supply apparatus of an air lubrication type
ship according to any one of claims 1 to 5, further
comprising draft detecting means which detects draft
of the ship’s hull and control means which controls
the path selecting means and the pressure-increas-
ing means, wherein the control means carries out
control based on a detection result of the draft de-
tecting means.

The air supply apparatus of an air lubrication type
ship according to claim 6, further comprising load
detecting means which detects a load of the main
engine, wherein the control means carries out control
based on a detection result of the load detecting
means.

The air supply apparatus of an air lubrication type
ship according to claim 7, wherein the load detecting
means detects scavenging gas pressure of the tur-
bocharger.

The air supply apparatus of an air lubrication type
ship according to any one of claims 1 to 8, further
comprising a flow rate adjusting valve which is locat-
ed between the turbocharger and the pressure-in-
creasing means and which adjusts a flow rate of the
pressurized air.

The air supply apparatus of an air lubrication type
ship according to any one of claims 1 to 8, further
comprising flow rate detecting means which detects
aflow rate of the pressurized air from the turbocharg-
er to the pressure-increasing means.

The air supply apparatus of an air lubrication type
ship according to claim 10, wherein a flow rate de-
tection value detected by the flow rate detecting
means is fed back to control the flow rate adjusting
valve.

The air supply apparatus of an air lubrication type
ship according to any one of claims 9 to 11, wherein
an opening degree of the flow rate adjusting valve
or a flow rate detection value detected by the flow
rate detecting means is fed back to control the pres-
sure-increasing means.

The air supply apparatus of an air lubrication type
ship according to any one of claims 1 to 12, wherein
a blower whose rotational speed can be controlled
is used as the pressure-increasing means.
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The air supply apparatus of an air lubrication type
ship according to claim 13, wherein the rotational
speed of the blower is detected, and a detected ro-
tational speed detection value is fed back to control
the blower.

The air supply apparatus of an air lubrication type
ship according to any one of claims 9 to 14, further
comprising ship’s hull movement detecting means
which detects movement of the ship’s hull, wherein
a ship’s hull movement detection value of the ship’
s hull movement detecting means is fed forward to
control the flow rate adjusting valve and/or the pres-
sure-increasing means.
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