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DESCRIPTION

[TECHNICAL FIELD]

[0001] The present invention relates to an air supply control system of an air lubrication type
ship and the air lubrication type ship for reducing friction resistance of water existing along an
outer surface of a ship's hull less than draft line of the ship during marine navigation.

[BACKGROUND TECHNIQUE]

[0002] In a ship during marine navigation, a submerged surface of a ship's hull receives friction
resistance of water. Especially in the case of a large ship, most of portion of ship's hull
resistance is occupied by friction resistance generated by relative current of outside water in
the submerged surface.

[0003] To reduce ship's hull friction resistance by air lubrication which discharges air into
surroundings of the ship's hull and which reduces the friction resistance has a large energy-
saving effect, and this is effective means to reduce the emission of CO, from the ship.

[0004] Air of the air lubrication type ship is supplied mainly by a method to send air by an
electric blower and by a scavenging bypass method.

[0005] Patent document 1 proposes an air supply control system using both the method to
send air by an electric blower and by the scavenging bypass method (example shown in Figs.
2 and 3).

[0006] There is already proposed a power-assisted turbocharger which electrically or
hydraulically assists a turbocharger when engine load is low, and which improve actuation and
low-load performance of the engine (see patent document 2 for example).

An air supply control system with the features of the preamble of claim 1 is known from US
2011/0259440 A1. However, the features of characterizing part of claim 1 are not known from
this document.

[0007] A turbocharger having a variable nozzle is already proposed. Patent document 3
proposes a compressed air supply control system of a ship. According to this compressed air
supply control system, when combustion air is bled and the combustion air is discharged to an
outer surface of a ship's hull, the variable nozzle is narrowed, and when the combustion air is
bled and is not discharged to the outer surface of the ship's hull, control is performed to open
the variable nozzle.

[0008] In patent document 3, when air is bled and sent to a ship's bottom, a turbine nozzle is
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narrowed to increase output of the turbocharger turbine, and an air amount which is necessary
to discharge air bubbles are secured, and when it is unnecessary to send air to the ship's
bottom, the turbine nozzle is opened, and rise of scavenging pressure when air is not bled can
be suppressed.

[0009] Patent document 4 proposes a structure in which in a friction resistance reduction
device of a ship, compressed air from a fluid machine driven by an electric motor is discharged
from an injection port provided in a ship's bottom, and a portion of compression air discharged
from a turbocharger which is driven by exhaust gas of an engine and which supplies the
compressed air to the engine.

[PRIOR ART DOCUMENTS]

[PATENT DOCUMENTS]

[0010]

[Patent Document 1] Japanese Patent Application Laid-open No.2013-193624
[Patent Document 2] Japanese Patent Application Laid-open No.2008-240585
[Patent Document 3] Japanese Patent Application Laid-open No.2012-171582

[Patent Document 4] Japanese Patent Application Laid-open No.2014-113874

[SUMMARY OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0011] In the meantime, in a method to send air by the electric blower, an inter-cooler is
necessary in addition to a high performance (turbo type) electric blower.

[0012] According to the method by the scavenging bypass, a load of a main engine is low at
the time of reduced-speed operation of a ship, and discharge gas energy is low. Therefore, air
cannot sufficiently be taken out from the turbocharger in some cases. In recent years, since
the reduced-speed operation is employed, a case where air cannot sufficiently be taken out
from the turbocharger increases.
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[0013] According to patent document 1, air cannot sufficiently be taken out from the
turbocharger when a load of a main engine is low.

[0014] The power-assisted turbochargers are frequently proposed as in patent document 2,
and the turbocharger having the variable nozzle is also already proposed in patent document
3, but there is not proposed a technique in which a turbocharger is assisted in accordance with
settings of a taking-out amount of pressurized air such as scavenging.

[0015] Further, patent document 4 does not propose a technique in which a turbocharger is
assisted in accordance with setting of a taking-out amount of pressurized air such as
scavenging while taking a load of an engine and draft of a ship into account.

[0016] Hence, it is an object of the present invention to provide an air supply control system of
an air lubrication type ship capable of efficiently taking out, from a turbocharger, pressurized air
which is necessary for air lubrication, and capable of efficiently air-lubricating without lowering
operation efficiency of a main engine even if draft water pressure of a ship and a load of the
main engine are varied.

[MEANS FOR SOLVING THE PROBLEM]

[0017] An air supply control system of an air lubrication type ship corresponding to description
of claim 1 comprises a turbocharger which is driven by exhaust gas from a main engine of the
ship and which supplies pressurized air to the main engine, a taking-out means which takes
out a portion of the pressurized air from between the turbocharger and the main engine
through bypassing, an air supply passage for supplying the taken out pressurized air to an air
supply port provided below a draft of the ship, motor means for assisting rotation of the
turbocharger, taking-out amount setting means for setting a taking-out amount of the
pressurized air by the taking-out means, and control means which takes a load of the main
engine and the draft of the ship into account, and which controls the motor means in
accordance with setting of the taking-out amount by the taking-out amount setting means.
According to the present invention described in claim 1, rotation of the turbocharger is assisted
by the motor means in accordance with setting of the taking-out amount of the pressurized air.
According to this, even at the time of low load operation of the main engine, it is possible to
efficiently take out pressurized air which is necessary for air lubrication from the turbocharger.
By taking a load of the main engine and draft of the ship into account, even if the draft of the
ship and the load of the main engine are varied, it is possible to efficiently carry out the air
lubrication without deteriorating the operation efficiency of the main engine.

[0018] According to the invention described in claim 2, the control means controls the motor
means while taking into account, scavenging pressure of the turbocharger determined by the
load of the main engine and draft pressure determined by the draft of the ship. According to
the invention of claim 2, a load of the main engine is taken into account by the scavenging
pressure and draft of the ship is taken into account by the draft pressure, rotation of the
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turbocharger can be assisted by the motor means in accordance with setting of the taking-out
amount of the pressurized air.

[0019] According to the invention described in claim 3, when the taking-out amount exceeds a
predetermined amount which is determined by turbocharger ability of the turbocharger and the
scavenging pressure or the draft pressure, the control means operates the motor means.
According to the invention of claim 3, when the taking-out amount of the pressurized air
exceeds the predetermined amount which is determined by the turbocharger ability of the
turbocharger and the scavenging pressure or draft pressure, and when the scavenging
pressure is reduced for example, the turbocharger is assisted by the motor means . According
to this, the operation of the main engine is not hindered. Air lubrication can efficiently be
carried out against dynamic variation such as variation of load capacity of a ship, variation of
ship speed and swing of a ship's hull.

[0020] According to the invention described in claim 4, the predetermined amount is
determined by higher one of the scavenging pressure and the draft pressure, and the
turbocharger ability.

According to the invention described in claim 3, by operating the motor means on the basis on
higher one of the higher scavenging pressure and draft pressure, it is possible to effectively
carry out more the air lubrication without deteriorating the operation efficiency of the main
engine.

[0021] According to the invention described in claim 5, the control means controls the motor
means such that the scavenging pressure of downstream-side of an inter-cooler provided in a
passage extending between the turbocharger and the main engine is kept at predetermined
pressure.

According to the invention described in claim 5, by keeping the scavenging pressure at
predetermined pressure, it is possible to carry out the air lubrication without deteriorating the
operation efficiency of the main engine.

[0022] According to the invention described in claim 6, the air supply passage is provided with
an assist blower which further pressurizes the taken out pressurized air. According to the
invention described in claim 6, it is possible to further pressurize the pressurized air up to
pressure which is suitable for air lubrication by the assist blower.

[0023] According to the invention described in claim 7, when the motor means is driven and
rotation of the turbocharger is assisted, if pressure of the taken out pressurized air is not
sufficient, the control means drives the assist blower to further pressurize the taken out
pressurized air. According to the invention described in claim 7, when pressure of the
pressurized air is not sufficient even if rotation of the turbocharger is assisted by the motor
means, it is possible to further pressurize the pressurized air up to pressure which is suitable
for air lubrication by the assist blower.

[0024] According to the invention described in claim 8, the control means drives the assist



DK/EP 3162690 T3

blower based on the draft of the ship, and when the pressure of the pressurized air which is
necessary in accordance with the load of the main engine is not sufficient, the control means
operates the motor means. According to the invention described in claim 8, when pressure of
the pressurized air which is necessary in accordance with a load of the main engine is
sufficient, the assist blower is first driven based on the draft. Hence, it is possible to suppress
the frequency of operations of the motor means, and to reduce the energy amount which is
necessary to supply the pressurized air.

[0025] According to the invention described in claim 9, the turbocharger includes a variable
nozzle, the control means controls the variable nozzle before the control means drives the
motor means, thereby further pressurizing the pressurized air. According to the invention
described in claim 9, pressure can be set to the scavenging pressure which is suitable for the
main engine by the variable nozzle, and when pressure cannot be set to sufficient scavenging
pressure by the variable nozzle, energy efficiently can be enhanced by driving the motor
means.

[0026] According to the invention described in claim 10, the air supply control system further
comprises a scavenging pressure detector which detects the scavenging pressure. According
to the invention described in claim 10, by providing the scavenging pressure detector, the
scavenging pressure can precisely be kept at the predetermined pressure using a detection
value of the scavenging pressure detector.

[0027] According to the invention described in claim 11, the air supply control system further
comprises a turbocharger rotation number detector for detecting rotation number of the
turbocharger, wherein the scavenging pressure is obtained based on the rotation number and
turbocharger characteristics. According to the invention described in claim 11, even if the
scavenging pressure detector is not provided, it is possible to calculate the scavenging
pressure from both of the rotation number of the turbocharger and the characteristics of the
turbocharger, and it is possible to keep the scavenging pressure at the predetermined
pressure using the calculated vale.

[0028] According to the invention described in claim 12, the taking-out amount of the
pressurized air is set based on a relation between a saved energy amount which is achieved
by supply of the pressurized air taken out to the ship's hull and an energy amount which is
necessary to supply the taken out pressurized air to the ship's hull. According to the invention
described in claim 12, the taking-out amount of the pressurized air can having excellent energy
efficiency.

[0029] According to the invention described in claim 13, the air supply control system of the air
lubrication type ship, further comprises at least one more air supply port, a plurality of supply
amount control valves for controlling a supply amount of the pressurized air taken out to the air
supply ports, and rolling detection means which detects rolling of the ship's hull of the ship,
wherein the control means controls the plurality of supply amount control valves based on a
detection result of the rolling detection means, thereby reducing a supply amount of the
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pressurized air which is taken out to one of the air supply ports having lower draft pressure.
According to the invention described in claim 13, even if the ship's hull swings and inclines by
rolling, air lubrication can efficiently be carried out by reducing a supply amount of pressurized
air to an air supply port having lower draft pressure.

[0030] According to the invention described in claim 14, the air supply control system further
comprises at least one more air supply port, a plurality of supply amount control valves for
controlling a supply amount of the pressurized air which is taken out to the air supply ports,
and heel detection means for detecting a heel of the ship's hull of the ship, wherein the control
means controls the plurality of supply amount control valves based on a detection result of the
heel detection means, thereby reducing a supply amount of the pressurized air which is taken
out to one of the air supply ports having lower draft pressure. According to the invention
described in claim 14, even if the ship's hull keeps inclining by the heel, air lubrication can
efficiently be carried out by reducing a supply amount of pressurized air to an air supply port
having lower draft pressure.

[0031] According to the invention described in claim 15, the air supply control system further
comprises at least one more air supply port, a plurality of supply amount control valves for
controlling a supply amount of the pressurized air which is taken out to the air supply ports,
and pitching detection means for detecting a pitching of the ship's hull of the ship, wherein the
control means controls the plurality of supply amount control valves based on a detection result
of the pitching detection means, thereby increasing or reducing a supply amount of the
pressurized air taken out to the air supply ports in accordance with variation of the draft
pressure. According to the invention described in claim 15, even if the ship's hull swings by the
pitching and the draft pressure is varied, when the draft pressure is low, a supply amount of
the pressurized air into the air supply port is reduced, thereby carrying out the air lubrication
efficiently.

[0032] According to the invention described in claim 16, the air supply passage is provided with
an air reservoir, and supply of the taken out pressurized air to the air supply port is stabilized.
According to the invention described in claim 16, for example even if a load of the main engine
is or draft pressure is varied by ship's hull movement in actual sea, a flow rate variation and
pressure variation of the air supply passage are moderated, thereby it is possible to moderate
the variation of an amount of air introduced into the main engine and variation of pressure and
flow rate into air lubrication, and it is possible to provide an efficient system.

[0033] According to the invention described in claim 17, the control means closes a passage
open/close valve provided downstream-side of the air reservoir when the taking out of the
pressurized air is started, the taking-out means takes out the pressurized air and store the
pressurized air in the air reservoir and then, the passage open/close valve is opened.
According to the invention described in claim 17, when the taking-out operation of pressurized
air is started, reduction of scavenging pressure in the main engine can be moderated.

[0034] According to the invention described in claim 18, the air supply control system of an air
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lubrication type ship is provided in the ship.

According to the invention described in claim 18, even when the main engine is operated with a
low load, pressurized air which is necessary for the air lubrication can efficiently be taken out
from the turbocharger without providing high performance (turbo type) electric blower. By
taking a load of the main engine and draft of the ship into account, even if the draft of the ship
and the load of the main engine are varied, it is possible to efficiently carry out the air
lubrication without deteriorating the operation efficiency of the main engine.

[EFFECT OF THE INVENTION]

[0035] According to the present invention, rotation of the turbocharger is assisted by the motor
means in accordance with setting of the taking-out amount of the pressurized air. According to
this, even at the time of low load operation of the main engine, it is possible to efficiently take
out pressurized air which is necessary for air lubrication from the turbocharger. By taking a
load of the main engine and draft of the ship into account, even if the draft of the ship and the
load of the main engine are varied, it is possible to efficiently carry out the air lubrication
without deteriorating the operation efficiency of the main engine.

[0036] If the control means controls the motor means while taking into account, scavenging
pressure of the turbocharger determined by the load of the main engine and draft pressure
determined by the draft of the ship, a load of the main engine is taken into account by the
scavenging pressure and draft of the ship is taken into account by the draft pressure, rotation
of the turbocharger can be assisted by the motor means in accordance with setting of the
taking-out amount of the pressurized air.

[0037] When the taking-out amount exceeds a predetermined amount which is determined by
turbocharger ability of the turbocharger and the scavenging pressure or the draft pressure, the
control means operates the motor means, e.g., if the scavenging pressure is reduced, the
turbocharger is assisted by the motor means. According to this, the operation of the main
engine is not hindered. Further, air lubrication can efficiently be carried out against dynamic
variation such as variation of load capacity of a ship, variation of ship speed and swing of a
ship's hull.

[0038] When the predetermined amount is determined by higher one of the scavenging
pressure and the draft pressure, and the turbocharger ability, by operating the motor means on
the basis on higher one of the higher scavenging pressure and draft pressure, it is possible to
effectively carry out more the air lubrication without deteriorating the operation efficiency of the
main engine.

[0039] The control means controls the motor means such that the scavenging pressure of
downstream-side of an inter-cooler provided in a passage extending between the turbocharger
and the main engine is kept at predetermined pressure. According to this, by keeping the
scavenging pressure at predetermined pressure, it is possible to carry out the air lubrication
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without deteriorating the operation efficiency of the main engine.

[0040] The air supply passage is provided with an assist blower which further pressurizes the
taken out pressurized air. According to this, it is possible to further pressurize the pressurized
air up to pressure which is suitable for air lubrication by the assist blower.

[0041] When the motor means is driven and rotation of the turbocharger is assisted, if
pressure of the taken out pressurized air is not sufficient, the control means drives the assist
blower to further pressurize the taken out pressurized air. According to this, when pressure of
the pressurized air is not sufficient even if rotation of the turbocharger is assisted by the motor
means, it is possible to further pressurize the pressurized air up to pressure which is suitable
for air lubrication by the assist blower.

[0042] The control means drives the assist blower based on the draft of the ship, and when the
pressure of the pressurized air which is necessary in accordance with the load of the main
engine is not sufficient, the control means operates the motor means. According to this, when
pressure of the pressurized air which is necessary in accordance with a load of the main
engine is sufficient, the assist blower is first driven based on the draft. Hence, it is possible to
suppress the frequency of operations of the motor means, and to reduce the energy amount
which is necessary to supply the pressurized air.

[0043] The turbocharger includes a variable nozzle, the control means controls the variable
nozzle before the control means drives the motor means, thereby further pressurizing the
pressurized air. According to this, pressure can be set to the scavenging pressure which is
suitable for the main engine by the variable nozzle, and when pressure cannot be set to
sufficient scavenging pressure by the variable nozzle, energy efficiently can be enhanced by
driving the motor means.

[0044] The air supply control system further comprises a scavenging pressure detector which
detects the scavenging pressure. According to this, by providing the scavenging pressure
detector, the scavenging pressure can precisely be kept at the predetermined pressure using a
detection value of the scavenging pressure detector.

[0045] The air supply control system further comprises a turbocharger rotation number
detector for detecting rotation number of the turbocharger, wherein the scavenging pressure is
obtained based on the rotation number and turbocharger characteristics. According to this,
even if the scavenging pressure detector is not provided, it is possible to calculate the
scavenging pressure from both of the rotation number of the turbocharger and the
characteristics of the turbocharger, and it is possible to keep the scavenging pressure at the
predetermined pressure using the calculated vale.

[0046] The taking-out amount of the pressurized air is set based on a relation between a
saved energy amount which is achieved by supply of the pressurized air taken out to the ship's
hull and an energy amount which is necessary to supply the taken out pressurized air to the
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ship's hull. According to this, the taking-out amount of the pressurized air can having excellent
energy efficiency.

[0047] The air supply control system of the air lubrication type ship, further comprises a
plurality of the air supply port, a plurality of supply amount control valves for controlling a
supply amount of the pressurized air taken out to the air supply ports, and rolling detection
means which detects rolling of the ship's hull of the ship, wherein the control means controls
the plurality of supply amount control valves based on a detection result of the rolling detection
means, thereby reducing a supply amount of the pressurized air which is taken out to one of
the air supply ports having lower draft pressure. According to this, even if the ship's hull swings
and inclines by rolling, air lubrication can efficiently be carried out by reducing a supply amount
of pressurized air to an air supply port having lower draft pressure.

[0048] The air supply control system further comprises a plurality of the air supply port, a
plurality of supply amount control valves for controlling a supply amount of the pressurized air
which is taken out to the air supply ports, and heel detection means for detecting a heel of the
ship's hull of the ship, wherein the control means controls the plurality of supply amount control
valves based on a detection result of the heel detection means, thereby reducing a supply
amount of the pressurized air which is taken out to one of the air supply ports having lower
draft pressure. According to this, even if the ship's hull keeps inclining by the heel, air
lubrication can efficiently be carried out by reducing a supply amount of pressurized air to an
air supply port having lower draft pressure.

[0049] The air supply control system further comprises a plurality of the air supply port, a
plurality of supply amount control valves for controlling a supply amount of the pressurized air
which is taken out to the air supply ports, and pitching detection means for detecting a pitching
of the ship's hull of the ship, wherein the control means controls the plurality of supply amount
control valves based on a detection result of the pitching detection means, thereby increasing
or reducing a supply amount of the pressurized air taken out to the air supply ports in
accordance with variation of the draft pressure. According to this, even if the ship's hull swings
by the pitching and the draft pressure is varied, when the draft pressure is low, a supply
amount of the pressurized air into the air supply port is reduced, thereby carrying out the air
lubrication efficiently.

[0050] The air supply passage is provided with an air reservoir, and supply of the taken out
pressurized air to the air supply port is stabilized. According to this, for example even if a load
of the main engine is or draft pressure is varied by ship's hull movement in actual sea, a flow
rate variation and pressure variation of the air supply passage are moderated, thereby it is
possible to moderate the variation of an amount of air introduced into the main engine and
variation of pressure and flow rate into air lubrication, and it is possible to provide an efficient
system.

[0051] The control means closes a passage open/close valve provided downstream-side of the
air reservoir when the taking out of the pressurized air is started, the taking-out means takes
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out the pressurized air and store the pressurized air in the air reservoir and then, the passage
open/close valve is opened. According to this, when the taking-out operation of pressurized air
is started, reduction of scavenging pressure in the main engine can be moderated.

[0052] According to the present invention, even when the main engine is operated with a low
load, pressurized air which is necessary for air lubrication can efficiently be taken out from the
turbocharger without providing high performance (turbo type) electric blower. By taking a load
of the main engine and draft of the ship into account, even if the draft of the ship and the load
of the main engine are varied, it is possible to provide an air lubrication type ship capable of
efficiently carrying out air lubrication without deteriorating operation efficiency of the main
engine.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0053]

Fig. 1 is a schematic configuration diagram of an air lubrication type ship provided with an air
supply control system of an embodiment of the present invention;

Fig. 2 is a schematic configuration diagram of the air supply control system of the air
lubrication type ship;

Fig. 3 is a diagram showing a relation between a scavenging amount and scavenging pressure
of a turbocharger;

Fig. 4 is a diagram (condition 1) of a relation between pressure and a taking-out amount of
scavenging;

Fig. 5 is a diagram (condition 2) of the relation between pressure and the taking-out amount of
scavenging;

Fig. 6 is a diagram (condition 3) of the relation between pressure and the taking-out amount of
scavenging;

Fig. 7 is a diagram (condition 4) of the relation between pressure and the taking-out amount of
scavenging;

Fig. 8 is a diagram (condition 5) of the relation between pressure and the taking-out amount of
scavenging;

Fig. 9 is a diagram (condition 2 (pressure drop permissible range is taken into account))
showing the relation between the pressure and the taking-out amount of scavenging;

Fig. 10 is a diagram showing a relation between scavenging pressure and the taking-out
amount of the scavenging in an arbitrary load of a main engine;
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Fig. 11 is a diagram (condition 3) showing a relation between pressure and a taking-out
amount of the scavenging in another example;

Fig. 12 is a diagram (condition 5) showing a relation between pressure and a taking-out
amount of the scavenging in another example;

Fig. 13 is a diagram showing a calculation method of the taking-out amount of the scavenging;
and

Fig. 14 is a block diagram of an air supply control system of an air lubrication type ship
according to another embodiment of the invention.

[MODE FOR CARRYING OUT THE INVENTION]

[0054] An air supply control system of an air lubrication type ship of embodiments of the
present invention will be described.

[0055] Fig. 1 is a schematic configuration diagram of an air lubrication type ship provided with
an air supply control system of the embodiment of the present invention, and Fig. 2 is a
schematic configuration diagram of the air supply control system of the air lubrication type ship.

[0056] As shown in Fig. 1, in the air lubrication type ship of the embodiment, a ship's bottom 3
of a stem portion 2 of a ship's hull 1 is provided with air supply ports 4. The air supply port 4 is
provided in the ship's bottom 3 below draft of the ship's hull 1. Each of the air supply ports 4
discharges air as bubbles to the ship's bottom 3 of the ship's hull 1, and supplies bubbles to a
wide region of the ship's bottom 3 below sea level S.L. to lubricate air. According to this, high
friction resistance reduction effect can be obtained. The air supply port 4 may be combined not
only with the ship's bottom 3 but also with a plurality of parts such as a ship side and the stem
portion 2.

[0057] A stem 5 of the ship's hull 1 includes a drive source 7 which drives a propeller 6.
[0058] The drive source 7 includes a main engine 10 which is an internal combustion engine,
and a turbocharger 20. The turbocharger 20 is driven by exhaust gas from the main engine 10,

and supplies pressurized air to the main engine 10.

[0059] A portion of pressurized air before it is supplied to the main engine 10 can be sent to
the air supply port 4 through the air supply passage 31.

[0060] Next, a configuration of the air supply control system of the air lubrication type ship will
be described using Fig. 2.
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[0061] The turbocharger 20 includes a turbine 21 which is provided in an exhaust gas passage
of the main engine 10 and which takes out power from exhaust gas, a compressor 22 which is
operated by the turbine 21, and a variable nozzle 23 which is placed on the exhaust gas
introduction side of the turbine 21.

[0062] The variable nozzle 23 changes an direction and an angle of a nozzle blade or the
exhaust gas passage, theregy changeing an exhaust gas passage, adjusts flow speed of
exhaust gas supplied from the main engine 10, and can control scavenging pressure.

[0063] The air supply control system can be configured without using the variable nozzle 23.
[0064] A passage from the turbocharger 20 to the main engine 10 includes an inter-cooler 24.

[0065] Air which is pressurized and becomes hot by the compressor 22 is cooled by the inter-
cooler 24 and is introduced into the main engine 10.

[0066] One end of the air supply passage 31 is connected between the turbocharger 20 and
the main engine 10, and a portion of pressurized air is taken out from between the
turbocharger 20 and the main engine 10. Although it is preferable that scavenging existing
downstream-side of the inter-cooler 24 is taken out as pressurized air, air supply at upstream-
side may be taken out as pressurized air. By using scavenging existing downstream-side of the
inter-cooler 24 for lubricating air, energy efficiency can be enhanced. It is possible

to avoid a case where high temperature air is continuously supplied and a coating film of the
ship's hull 1 is deteriorated.

[0067] The taken out pressurized air is supplied to the air supply port 4 through the air supply
passage 31.

[0068] The air supply passage 31 is provided with a throttle amount variable take-out valve 32
which takes out a portion of the pressurized air between the turbocharger 20 and the main
engine 10, and an assist blower 33 which further pressurizes pressurized air of the air supply
passage 31. Even if the motor means 51 is driven and the rotation of the turbocharger 20 is
assisted, if pressure of the taken out pressurized air is not sufficient, the pressurized air
pressurized by the turbocharger 20 is further pressurized by the assist blower 33. According to
this, it is possible to handle a case where a load amount is high and draft pressure becomes
high, and a case where pressure becomes insufficient by supplying much air to the air supply
port 4.

[0069] It is preferable that the assist blower 33 is a capacity type blower such as roots type or
the like in which even if draft pressure is varied, variation of an air amount is small.

[0070] A scavenging pressure detector 41 which detects scavenging pressure is provided in
the air supply passage 31 in the vicinity of a portion of the turbocharger 20 located upstream-
side of the take-out valve 32. The scavenging pressure detector 41 may be provided in the
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scavenging passage between the inter-cooler 24 and the main engine 10. Since the air supply
passage 31 close to the turbocharger 20 exists upstream-side of the take-out valve 32, the air
supply passage 31 can measure the scavenging pressure which is substantially equal to the
scavenging passage. The scavenging pressure detectors 41 can be provided in both the
passage of the air supply passage 31 and the scavenging passage. When the scavenging
pressure detectors 41 are provided in both the passages, it is possible to detect scavenging
pressure more precisely by averaging procedure and the like. When this air supply control
system is applied to an existing main engine 10 or an existing turbocharger 20, the operation
becomes easier if the scavenging pressure detector 41 is provided in the air supply passage
31.

[0071] The air supply control system of the embodiment includes a bypass passage 35 which
branches off from the air supply passage 31, bypasses the assist blower 33, and again merges
with the air supply passage 31, and also includes bypass passage selecting means 36 which
selects one of the air supply passage 31 and the bypass passage 35. By providing the bypass
passage selecting means 36 in this manner, when it is unnecessary to further pressurize the
taken out pressurized air, the bypass passage selecting means 36 selects the bypass passage
35, and it is possible to bypass the assist blower 33. When the assist blower 33 is not used, the
bypass passage selecting means 36 provided in the bypass passage 35 is opened, and the
bypass passage selecting means 36 provided in upper stream and lower stream of the assist
blower 33 are closed. When the assist blower 33 is used, the bypass passage selecting means
36 provided in the bypass passage 35 is closed, and the bypass passage selecting means 36
provided in upper stream and lower stream of the assist blower 33 are opened. These controls
are carried out in conjunction with the operation of the assist blower 33.

[0072] There are provided an atmosphere suction passage 37 which sends, to the assist
blower 33, air sucked from atmosphere, and an atmosphere suction passage selecting means
38 which selects the air supply passage 31 and the atmosphere suction passage 37. When the
assist blower 33 sucks air from the atmosphere and supplies the air to the air supply port 4, the
atmosphere suction passage selecting means 38 is opened, the bypass passage selecting
means 36 provided in the bypass passage 35 and the bypass passage selecting means 36
provided in upper stream of the assist blower 33 are closed, and the bypass passage selecting
means 36 provided in lower stream of the assist blower 33 is opened. In this case, the take-out
valve 32 is also closed, and the pressurized air is not taken out. When air from the atmosphere
is pressurized by the assist blower 33 and is supplied, if the air from the atmosphere is
pressurized and used, the air from the atmosphere can be discharged from the ship's bottom
3. For example, When the load of the main engine 10 is low and the amount of air is
insufficient, or when draft pressure is low, air from the atmosphere is supplied directly to the air
supply port 4 provided in the ship's bottom 3, thereby making it possible to further enhance the
energy efficiency and energy-saving effect.

[0073] The air supply control system of the embodiment includes motor means 51 which
assists rotation of the turbocharger 20, taking-out means 52 which operates the take-out valve
32 to takes out a portion of pressurized air, taking-out amount setting means 53 which sets a
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taking-out amount of the pressurized air by the taking-out means 52, and control means 54
controls the motor means 51 in accordance with setting of the taking-out amount by the taking-
out amount setting means 53 while taking a load of the main engine 10 and draft of the ship
into account. The taking-out amount setting means 53 can set the taking-out amount to zero,
and has a setting function of operation/stop of air lubrication.

[0074] The motor means 51 may directly drive a drive shaft of the turbine 21 and the
compressor 22 of the turbocharger 20 as an external motor means 51, but can form a rotor
directly on the drive shaft and can drive by a stator provided therearound. The motor means
51 can be utilized as a power generator when assisting is unnecessary, and regenerative
electric power can be obtained. Further, since it is an object to assist only the compressor 22
and to enhance more than the rotation speed by the turbine 21, the drive shaft may be
provided with one-way clutch mechanism.

[0075] As the motor means 51, it is possible to use an air motor and a water pressure motor,
but if an electric motor or a hydraulic motor is used, this is preferable in terms of easiness of
utilization.

[0076] According to this embodiment, when air lubrication becomes necessary, the take-out
valve 32 is opened, a portion of pressurized air is taken out and this is supplied to the air
supply port 4 through the air supply passage 31. When pressurized air is supplied by the take-
out valve 32, if rotation of the turbocharger 20 is assisted by the motor means 51, it is possible
to efficiently take out, from the turbocharger 20, pressurized air which is necessary for air
lubrication even when the main engine 10 is operated with low load.

[0077] Even if a circulation passage is opened when an exhaust gas recirculation operation is
carried out for the main engine 10, and even if the pressurized air amount is reduced and the
pressurized air pressure is lowered, the assisting operation of rotation of the turbocharger 20
by the motor means 51 can be carried out.

[0078] When the take-out valve 32 is opened and a portion of the pressurized air is taken out,
it is also possible to utilize the variable nozzle 23 other than the motor means 51. That is, an
direction and an angle of the nozzle blade of the variable nozzle 23 are changed in accordance
with a taking-out state of pressurized air such as an opening of the take-out valve 32 and a
taking-out amount of the pressurized air, and pressurizing characteristics of the pressurized air
can be improved.

[0079] When the draft pressure becomes high and pressure of the taken out pressurized air is
insufficient even if the motor means 51 and the variable nozzle 23 are utilized, this pressure
can be supplemented by the assist blower 33 which further pressurizes the taken out
pressurized air from the air supply passage 31.

[0080] The control means 54 controls the motor means 51 in accordance with setting of the
taking-out amount of the pressurized air by the taking-out amount setting means 53. The
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taking-out amount setting means 53 sets the operation of the air lubrication. When the taking-
out amount exceeds the predetermined amount, the motor means 51 is controlled. By assisting
the rotation of the turbocharger 20 by the motor means 51 in accordance with the setting of the
taking-out amount of the pressurized air in this manner, it is possible to efficiently take out,
from the turbocharger 20, pressurized air which is necessary for the air lubrication even when
the main engine 10 is operated with low load.

[0081] When the setting of the operation of the air lubrication is not carried out by the taking-
out amount setting means 53, the motor means 51 is not operated or controlled. Even if the
setting of the operation of the air lubrication is carried out by the taking-out amount setting
means 53, if the taking-out amount does not exceeds the predetermined amount, the motor
means 51 is not operated or controlled. However, when the setting of the operation of the air
lubrication is not carried out by the taking-out amount setting means 53, control of the motor
means 51 is not hindered for a purpose other than the air lubrication.

[0082] The taking-out amount setting means 53 can be provided with a switch for selecting
whether air lubrication should be carried out, and with an ON/OFF switch of the take-out valve
32. It may also be the taking-out amount setting means 53 automatically start or stop the air
lubrication when an operation state of the main engine 10 or a marine navigation of the air
lubrication type ship are brought into determined conditions. For example, the rotation number
of the main engine 10 and the ship speed are provided with threshold values, and if it is
detected that the rotation number of the main engine 10 and the ship speed become lower
than the threshold values when the ship comes into harbor or stop, the air lubrication can
automatically be stopped, and it is possible to detect that the rotation number of the main
engine 10 and the ship speed become higher than the threshold value when the ship goes out
on the broad ocean, and the air lubrication can automatically be started.

[0083] In the control means 54, when the taking-out amount of the pressurized air exceeds the
predetermined amount which is set by the taking-out amount setting means 53, the motor
means 51 assists rotation of the turbocharger 20. When the taking-out amount of the
pressurized air exceeds the predetermined amount and the scavenging pressure starts
lowering in this manner, the motor means 51 assists the turbocharger 20. According to this, the
operation of the main engine 10 is not hindered.

[0084] The control means 54 controls the motor means 51 such that the scavenging pressure
is kept at predetermined pressure . By keeping the scavenging pressure at the predetermined
pressure in this manner, the air lubrication can be carried out without deteriorating the
operation efficiency of the main engine 10.

[0085] Here, the predetermined pressure is determined by the turbocharger ability of the
turbocharger 20 and the scavenging pressure or the draft pressure. The scavenging pressure
is determined by a load of the main engine 10, and the draft pressure is determined by the
draft of the ship.
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[0086] Therefore, even if the draft of the ship or the load of the main engine 10 is varied, it is
possible to carry out the air lubrication without deteriorating operation efficiency of the main
engine 10.

[0087] In the control means 54, when the motor means 51 is driven and the scavenging
pressure is brought into the predetermined pressure, if the pressure of the taken out
pressurized air is insufficient, the taken out pressurized air is further pressurized by driving the
assist blower 33.

[0088] Therefore, the pressurized air can further be pressurized up to pressure suitable for the
air lubrication by the assist blower 33 while keeping the scavenging pressure at the
predetermined pressure.

[0089] In the control means 54, the pressurized air is further pressurized by controlling the
variable nozzle 23 before the motor means 51 is driven.

[0090] Therefore, the scavenging pressure can be brought to a value suitable for the main
engine 10 by the variable nozzle 23, and when the variable nozzle 23 cannot bring the
scavenging pressure to a sufficient value, energy efficiency can be enhanced by driving the
motor means 51.

[0091] A detection value from the scavenging pressure detector 41 is input to the control
means 54, and the control means 54 drives the motor means 51 such that the detected
scavenging pressure becomes equal to the predetermined pressure.

[0092] A turbocharger rotation number detector 42 which detects the rotation number may be
provided instead of providing the scavenging pressure detector 41.

[0093] The scavenging pressure can be obtained based on the rotation number of the
turbocharger 20, the characteristics of the turbocharger and resistance of the passage, and
the scavenging pressure can be calculated from the rotation number detected by the
turbocharger rotation number detector 42. Here, in addition to resistance caused by the
variable nozzle 23, resistance caused by the passage between the turbocharger 20 and the
main engine 10, and resistance of the entire air supply passage 31 are included in the passage
resistance.

[0094] The taking-out amount of the pressurized air is set based on a relation between an
energy-saving amount achieved by supply of the taken out pressurized air to the ship's hull 1
and an energy amount which is necessary for the supply of the taken out pressurized air to the
ship's hull 1. According to this, an optimal scavenging taking-out amount having excellent
energy efficiency can be obtained. The necessary energy amount is varied by a load of the
main engine 10 and draft pressure of the ship as described above, the energy-saving amount
is also varied, and the optimal scavenging taking-out amount is also varied by a load of the
main engine 10 and draft pressure of the ship.
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[0095] A load of the main engine 10 is detected by load detection means 43. The load
detection means 43 includes rotation number detection means which detects the rotation
number of the main engine 10. The load of the main engine 10 is estimated from the rotation
number of the main engine 10 detected by the rotation number detection means of the load
detection means 43. Further, if torque of the main engine 10 is detected and is combined with
the rotation number, it is possible to more reliably determine the load of the main engine 10.

[0096] When the load of the main engine 10 detected by the load detection means 43 is high,
the turbocharger 20 rotates at high speed and an amount and pressure of the pressurized air
are sufficient in many case, but when the detected load of the main engine 10 is low, the
amount and the pressure of the pressurized air are prone to be insufficient. In such a case, the
amount and the pressure of the pressurized air can be supplemented by assisting the rotation
of the turbocharger 20 by the motor means 51.

[0097] When the main engine 10 starts, the load detection means 43 can detect the initial rise
of the load, and the motor means 51 can handle the start of the main engine 10.

[0098] It is possible to assist the rotation of the turbocharger 20 by the motor means 51 so that
an air amount required by the main engine 10 is reliably supplied at the time of initial rise and
at the time of a steady operation.

[0099] Draft pressure detection means 44 provided in the ship's hull 1 detects the draft
pressure of the ship. A detection value from the load detection means 43 and a detection value
from the draft pressure detection means 44 are input to the control means 54, and a
predetermined pressure of the scavenging pressure is determined. The expression "The load
detection means 43" includes means for calculating a load from the rotation number and
torque of the main engine 10, and means for obtaining the load from a set value of a governor
13 of the main engine 10. The expression "The load detection means 43" includes means for
calculating a load from the rotation number and torque of the main engine 10, and means for
obtaining the load from a set value of a governor 13 of the main engine 10. "The draft pressure
detection means 44" includes means for obtaining draft from a shipment volume.

[0100] A taking-out amount of the pressurized air which is set by the taking-out amount setting
means 53 is changed in accordance with draft of the ship. That is, the predetermined amount
which is set by the taking-out amount setting means 53 is changed in accordance with draft
pressure of the ship detected by the draft pressure detection means 44. By changing the
predetermined amount in accordance with the draft, the draft is varied depending upon a
degree of the shipment volume and in addition to this, it is possible to efficiently lubricate air
with respect to the dynamic variation such as swing of the ship's hull 1. The expression "in
accordance with draft" includes a case where the predetermined amount corresponding to the
load amount related to a size of the draft is previously determined without using the draft
pressure detection means 44, and an appropriate amount is automatically set in tandem with
setting of the load amount.
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[0101] The air supply control system of the embodiment includes a plurality of branched
passages 39 in which the air supply passage 31 is branched into a plurality of passages. The
air supply ports 4 are respectively connected to the plurality of branched passages 39. By
providing the plurality of air supply ports 4 in this manner, it is possible to increase air to be
discharged to a surroundings of the ship's hull 1, and the friction resistance can efficiently be
reduced by discharging pressurized air which is taken out in accordance with requirement from
an arbitrary air supply port 4.

[0102] Passage open/close valves 34 which open and close the branched passages 39 are
provided on the way to and from the branched passages 39. By operating the passage
open/close valves 34, one or some of the air supply ports 4 through which air is discharged
can be selected. In a ballast state where a cargo is not loaded for example, the passage
open/close valves 34 are operated, taken out pressurized air is discharged from the central
two air supply ports 4, and discharge of the pressurized air taken out from the both right and
left air supply ports 4 can be stopped. When the ship's hull 1 inclines and a right side is brought
up during billows, an opening degree of one of the passage open/close valves 34 which is
located on the right side and which does not contribute to the air lubrication so much is
reduced or closed. According to this, a discharging amount of the pressurized air taken out
from the air supply port 4 located on the right side end is reduced or the discharge is stopped,
and it is possible to prevent the taken out pressurized air from being consumed wastefully.

[0103] If the branched passages 39 are closed by the passage open/close valves 34 when air
lubrication is not carried out, it is possible to prevent water from reversely flowing from the air
supply ports 4 to the assist blower 33 or to the main engine 10.

[0104] If the variable nozzle 23, the assist blower 33 and the motor means 51 are
appropriately adjusted or operated in accordance with situations, it is possible to handle the
variation of pressurized air pressure caused by increase or reduction of the air supply port 4
which operates the passage open/close valve 34.

[0105] The air supply passage 31 is provided with an air reservoir 55. By providing the air
reservoir 55, it is possible to stabilize the supply of the taken out pressurized air to the air
supply port 4. That is, in actual sea, even if variation in draft pressure is generated by variation
in the load of the main engine 10 or by ship's hull movement, the flow rate variation and
pressure variation of the air supply passage 31 are moderated, it is possible to moderate the
variation of the amount of air introduced into the main engine 10 and variation of pressure and
flow rate into the air lubrication, and it is possible to provide a stable efficient system.

[0106] In the control means 54, when the taking out operation of the pressurized air is started,
i.e., when the take-out valve 32 is opened, the passage open/close valves 34 provided
downstream-side of the air reservoir 55 are closed, and the take-out valve 32 is gradually
opened by the taking-out means 52, a portion of pressurized air is taken out and this
pressurized air is stored in the air reservoir 55. After pressure in the air reservoir 55 fully rises,
if the passage open/close valves 34 are opened, it is possible to moderate excessive reduction
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of the scavenging pressure in the main engine 10 when the taking out operation of the
pressurized air is started.According to this, even if a load of the main engine or draft pressure
is varied by ship's hull movement in actual sea.

[0107] The air supply passage 31 is provided with a flow rate sensor 45a, and the branched
passages 39 are respectively provided with flow rate sensors 45b. The flow rate sensor 45a
detects an amount of pressurized air flowing through the air supply passage 31, and each of
the flow rate sensors 45b detects an amount of pressurized air flowing through the branched
passage 39.

[0108] The flow rate values detected by the flow rate sensor 45a and the flow rate sensors 45b
are transferred to the control means 54, and used for controlling an amount of air for air
lubrication. The flow rate sensor 45a may be provided in the air supply passage 31 at a
location upstream-side, but if the flow rate sensor 45a is provided at the position shown in Fig.
2, one common flow rate sensor 45a is suffice in accordance with whether the assist blower 33
is used or not, or whether air is sucked from the atmosphere or not. It is preferable that the
flow rate sensor 45a and the flow rate sensors 45b are mass flow rate sensors but they may
be volume flow rate sensors. A hot wire flow rate sensor and so on can be used as the mass
flow rate senor, and a vortex flow rate sensor and so on can be used as the volume flow rate
senor.

[0109] Fig. 3 shows a relation between a scavenging amount and scavenging pressure of the
turbocharger.

[0110] If a portion of the scavenging is taken out as pressurized air, the rotation number of the
turbocharger 20 is reduced, and an air amount sent to the main engine 10 is reduced together
with reduction in scavenging pressure.

[0111] Air passing through the turbocharger 20 is important for the main engine 10 to secure
its performance and reliability, and the air amount must be secured appropriately. To secure an
air amount which is necessary for the main engine 10, it is preferable to control to
appropriately secure scavenging pressure after the inter-cooler 24 including not only a case
where scavenging is utilized but also a case where air supply is utilized. Therefore, to operate
the turbocharger 20 efficiently and with high characteristics, control is performed such that the
rotation number of the turbocharger 20 is increased by the motor means 51 to maintain the
scavenging pressure which is necessary for the main engine 10 as shown in Fig. 3.

[0112] Figs. 4 to 9 show a relation between pressure and taking-out amount of the
scavenging. A vertical axis shows pressure, and a lateral axis shows taking-out amount AQ of
the scavenging.

[0113] Using Figs. 4 to 9, examples of control of the motor means 51 and the assist blower 33
by the control means 54 will be described. Since a load of the main engine 10 and draft of the
ship are varied, the control means 54 controls the motor means 51 and the assist blower 33 in
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accordance with the taking-out amount of the scavenging while taking the load of the main
engine 10 and the draft of the ship into account.

[0114] Fig. 4 shows a case where the draft of the ship is small and the main engine 10 is low-
load operating (condition 1).

[0115] In condition 1, scavenging pressure which is necessary for maintaining performance
and reliability of the main engine 10 ("necessary scavenging pressure", hereinafter) is Pso1
and draft pressure is Pd| . The draft pressure Pd_ is pressure which is necessary for

discharging air from the air supply port 4 to the ship's bottom 3 as bubbles in accordance with
draft, i.e., necessary pressure from draft. The necessary scavenging pressure Pso1 and the
draft pressure Pd| are determined by condition 1. In condition 1, the draft pressure Pd is

higher than the necessary scavenging pressure Pso1.

[0116] In Fig. 4, a diagonal line a shown by a solid line shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Further, AQO{ shows a taking-out

amount of optimal scavenging. A calculating method of the taking-out amount of optimal
scavenging will be described later.

[0117] Until the taking-out amount AQ of the scavenging is increased to a taking-out amount
AQ14, scavenging pressure by surplus ability of the turbocharger 20 exceeds necessary

scavenging pressure Pso1 and draft pressure Pd|, and scavenging can be taken out (section
X1).

[0118] When the taking-out amount AQ of the scavenging increases and exceeds the taking-
out amount AQ14, since scavenging pressure by the surplus ability of the turbocharger 20

becomes lower than the draft pressure Pd|, the control means 54 drives the motor means 51.

By assisting the rotation of the turbocharger 20 by the motor means 51, the scavenging
pressure exceeds the draft pressure Pd|, and the scavenging can be taken out (section Yj).

When the taking-out amount AQ of scavenging exceeds the turbocharger ability of the
turbocharger 20 and the predetermined amount (taking-out amount AQ14) which is determined

from the draft pressure Pd| in this manner, the control means 54 operates the motor means
51. In condition 1, since the draft pressure Pd; is higher than the necessary scavenging
pressure Pso1, the predetermined amount (taking-out amount AQ14) is determined from the
draft pressure Pd| and the turbocharger ability of the turbocharger 20. By operating the motor

means 51 based on higher one of the necessary scavenging pressure Pso1 and the draft
pressure Pd|, it is possible to more reliably carry out the air lubrication without deteriorating the

operation efficiency of the main engine 10.

[0119] When the taking-out amount AQ of the scavenging further increases and exceeds a
taking-out amount AQ24, since the maximum scavenging pressure (limit pressure of motor

assist) when the motor means 51 assists the rotation of the turbocharger 20 becomes lower
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than the draft pressure Pd|, the control means 54 drives the assist blower 33. By further

pressurizing the taken out pressurized air by the assist blower 33, pressure of the taken out
pressurized air exceeds the draft pressure Pd(, and it is possible to supply an amount of air

which is appropriate as air lubrication to the air supply port 4 (section Z4).

[0120] When the taking-out amount AQ of scavenging further increases and exceeds a taking-
out amount AQ34, since the maximum scavenging pressure when the motor means 51 assists
rotation of the turbocharger 20 becomes lower than the necessary scavenging pressure Pso1,
scavenging cannot be taken out (section N¢). Therefore, the air lubrication can be carried out
only in a range where the taking-out amount AQ does not exceed the taking-out amount AQ31.

If the assist blower 33 is not provided, air lubrication can be carried out in a range where the
taking-out amount AQ does not exceed the taking-out amount AQ24.

[0121] The control means 54 controls the motor means 51 and the assist blower 33 while
taking into account, the scavenging pressure of the turbocharger 20 determined by the load of
the main engine 10 and draft pressure determined by draft of the ship. Hence, even if the draft
of the ship and the load of the main engine 10 are varied, air lubrication can be carried out
without deteriorating the operation efficiency of the main engine 10.

[0122] Fig. 5 shows a case where draft of the ship is small and the main engine 10 is operating
with an intermediate load (condition 2). In condition 2, the necessary scavenging pressure is
Pso2, and draft pressure is Pd . The necessary scavenging pressure Pso2 and the draft

pressure Pd_ are determined by condition 2. In condition 2, the necessary scavenging

pressure Pso2 is higher than the draft pressure Pd|.

[0123] A diagonal line a shown by a solid line in Fig. 5 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Further, AQO, shows a taking-out

amount of optimal scavenging.

[0124] Until the taking-out amount AQ of scavenging is increased to a taking-out amount
AQ1,, scavenging pressure by the surplus ability of the turbocharger 20 exceeds necessary
scavenging pressure Pso2 and the draft pressure Pd|, and scavenging can be taken out

(section Xy).

[0125] When the taking-out amount AQ of scavenging increases and exceeds the taking-out
amount AQ1,, since the scavenging pressure by the surplus ability of the turbocharger 20
becomes lower than the necessary scavenging pressure Pso2, the control means 54 drives the
motor means 51. By assisting rotation of the turbocharger 20 of the motor means 51, the
necessary scavenging pressure Pso2 is maintained and scavenging can be taken out (section
Y5). The control means 54 operates the motor means 51 when the taking-out amount AQ of

the scavenging exceeds the turbocharger ability of the turbocharger 20 and the predetermined
amount (taking-out amount AQ15) which is determined by the necessary scavenging pressure
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Pso2. Since the necessary scavenging pressure Pso2 is higher than the draft pressure Pd| in
condition 2, the predetermined amount (taking-out amount AQ15) is determined by the

necessary scavenging pressure Pso2 and the turbocharger ability of the turbocharger 20. By
operating the motor means 51 based on higher one of the necessary scavenging pressure
Pso2 and the draft pressure Pd|, it is possible to more reliably carry out the air lubrication

without deteriorating operation efficiency of the main engine 10.

[0126] When the taking-out amount AQ of scavenging further increases and exceeds the
taking-out amount AQ25, since the maximum scavenging pressure when the motor means 51

assists rotation of the turbocharger 20 becomes lower than the necessary scavenging
pressure Pso2, scavenging cannot be takes out (section Ny). The assist blower 33 is for further

pressurizing taken out pressurized air, and cannot pressurize pressurized air (scavenging)
before it is taken out. Therefore, air lubrication can be carried out only in a range where the
taking-out amount AQ does not exceed the taking-out amount AQ25.

[0127] The control means 54 controls the motor means 51 and the assist blower 33 while
taking into account, the scavenging pressure of the turbocharger 20 determined by a load of
the main engine 10 and the draft pressure determined by the draft of the ship. Therefore, even
if the draft of the ship and a load of the main engine 10 are varied, it is possible to carry out the
air lubrication without deteriorating operation efficiency of the main engine 10.

[0128] Fig. 6 shows a case where draft of the ship is large and the main engine 10 is low-load
operating (condition 3). In condition 3, the necessary scavenging pressure is Pso3 and draft
pressure is Pdy. The necessary scavenging pressure Pso3 and the draft pressure Pdy are

determined by condition 3. In condition 3, draft pressure Pdy is higher than the necessary

scavenging pressure Pso3.

[0129] A diagonal line a shown by a solid line in Fig. 6 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Further, AQO5 shows a taking-out

amount of optimal scavenging.

[0130] Even if the taking-out amount AQ of scavenging is larger than a taking-out amount
AQ13 and smaller than a taking-out amount AQ23, since scavenging pressure by surplus ability

of the turbocharger 20 becomes lower than draft pressure Pdy, the control means 54 drives

the motor means 51. If the motor means 51 assists rotation of the turbocharger 20, the
scavenging pressure can exceed the draft pressure Pdy and an appropriate amount of air as

air lubrication can be supplied from the air supply port 4 (section Y3). In this manner, when the

taking-out amount AQ of scavenging exceeds the turbocharger ability of the turbocharger 20
and the predetermined amount (taking-out amount AQ13) determined from the draft pressure

Pdy, the control means 54 operates the motor means 51. In condition 3, since the draft
pressure Pdy is higher than the necessary scavenging pressure Pso3, the predetermined

amount (taking-out amount AQ13) is determined by the draft pressure Pdy and the
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turbocharger ability of the turbocharger 20. Since the motor means 51 is operated based on
higher one of the necessary scavenging pressure Pso3 and the draft pressure Pdy, it is

possible to more reliably carry out the air lubrication without deteriorating the operation
efficiency of the main engine 10.

[0131] When the taking-out amount AQ of scavenging increases and exceeds the taking-out
amount AQ23, since the maximum scavenging pressure when the motor means 51 assists

rotation of the turbocharger 20 becomes lower than the draft pressure Pdy, the control means

54 drives the assist blower 33. By further pressurizing the taken out pressurized air by the
assist blower 33, pressure of the taken out pressurized air exceeds the draft pressure Pdy,

and an appropriate amount of air as air lubrication can be supplied from the air supply port 4
(section Z3).

[0132] When the taking-out amount AQ of scavenging further increases and exceeds a taking-
out amount AQ33, since the maximum pressure (limit pressure of blower assist) when the

taken out pressurized air is further pressurized by the assist blower 33 becomes lower than the
draft pressure Pdy, an appropriate amount of air cannot be supplied from the air supply port 4
as air lubrication (section N3). Therefore, air lubrication can be carried out only in a range
where the taking-out amount AQ does not exceed the taking-out amount AQ33. If the assist

blower 33 is not provided, air lubrication can be carried out in a range where the taking-out
amount AQ does not exceed the taking-out amount AQ25.

[0133] The control means 54 controls the motor means 51 and the assist blower 33 while
taking into account, the scavenging pressure of the turbocharger 20 determined by the load of
the main engine 10 and draft pressure determined by draft of the ship. Hence, even if the draft
of the ship and the load of the main engine 10 are varied, air lubrication can be carried out
without deteriorating the operation efficiency of the main engine 10.

[0134] Fig. 7 shows a case where draft of the ship is large and the main engine 10 is high-load
operating (condition 4). In condition 4, the necessary scavenging pressure is Pso4 and draft
pressure is Pdy. The necessary scavenging pressure Pso4 and the draft pressure Pdy are

determined by the condition 4. In condition 4, the necessary scavenging pressure Pso4 is
higher than the draft pressure Pd.

[0135] A diagonal line a shown by a solid line in Fig. 7 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Here, AQO4 shows a taking-out

amount of optimal scavenging.

[0136] Until the taking-out amount AQ of scavenging becomes the taking-out amount AQ1y,,

scavenging pressure by surplus ability of the turbocharger 20 exceeds the necessary
scavenging pressure Pso4 and the draft pressure Pdy, and the scavenging can be taken out

(section Xy).
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[0137] When the taking-out amount AQ of scavenging increases and exceeds the taking-out
amount AQ1y, since the scavenging pressure by the surplus ability of the turbocharger 20
becomes lower than the necessary scavenging pressure Pso4, the control means 54 drives the
motor means 51. By assisting rotation of the turbocharger 20 by the motor means 51, the
necessary scavenging pressure Pso4 is maintained, and scavenging can be taken out (section
Y4). When the taking-out amount AQ of scavenging exceeds the turbocharger ability of the
turbocharger 20 and the predetermined amount (taking-out amount AQ14) determined from

the necessary scavenging pressure Pso4, the control means 54 drives the motor means 51 in
this manner. In condition 4, since the necessary scavenging pressure Pso4 is higher than the
draft pressure Pdy, the predetermined amount (taking-out amount AQ1,) is determined from
the necessary scavenging pressure Pso4 and the turbocharger ability of the turbocharger 20.
By operating the motor means 51 based on higher one of the necessary scavenging pressure
Pso4 and the draft pressure Pdy, it is possible to more reliably carry out the air lubrication

without deteriorating the operation efficiency of the main engine 10.

[0138] If the taking-out amount AQ of scavenging further increases and exceeds a taking-out
amount AQ24, since the maximum scavenging pressure when the motor means 51 assists

rotation of the turbocharger 20 becomes lower than the necessary scavenging pressure Pso4,
scavenging cannot be taken out (section Ng4). The assist blower 33 is for further pressurizing

taken out pressurized air, and cannot pressurize pressurized air (scavenging) before it is taken
out. Therefore, air lubrication can be carried out only in a range where the taking-out amount
AQ does not exceed the taking-out amount AQ2y4.

[0139] The control means 54 controls the motor means 51 and the assist blower 33 in this
manner while taking into account, the scavenging pressure of the turbocharger 20 determined
by a load of the main engine 10 and the draft pressure determined by draft of the ship.
Therefore, even if draft of the ship and a load of the main engine 10 are varied, it is possible to
carry out the air lubrication without deteriorating the operation efficiency of the main engine 10.

[0140] Fig. 8 shows a case where draft of the ship is large and the main engine 10 is
intermediate-load operating (condition 5) . In condition 5, the necessary scavenging pressure
is Pso5 and draft pressure is Pdy. The necessary scavenging pressure Pso5 and the draft

pressure Pdy are determined by the condition 5. In condition 5, the draft pressure Pdy is

higher than the necessary scavenging pressure Pso5.

[0141] A diagonal line a shown by a solid line in Fig. 8 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Here, AQO5 shows a taking-out

amount of optimal scavenging.

[0142] Even if the taking-out amount AQ of the scavenging is larger than the taking-out
amount AQ15 and smaller than the taking-out amount AQ2s5, since the scavenging pressure by
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the surplus ability of the turbocharger 20 becomes lower than the draft pressure Pdy, the

control means 54 drives the motor means 51. By assisting the rotation of the turbocharger 20
by the motor means 51, the scavenging pressure exceeds the draft pressure Pdy, an

appropriate amount of air as air lubrication can be supplied from the air supply port 4 (section
Ys). In this manner, the control means 54 operates the motor means 51 when the taking-out

amount AQ of the scavenging exceeds the turbocharger ability of the turbocharger 20 and the
predetermined amount (taking-out amount AQ15) determined from the draft pressure Pdy. In

condition 5, since the draft pressure Pdy is higher than the necessary scavenging pressure
Pso5, the predetermined amount (taking-out amount AQ15) is determined from the draft
pressure Pdy and the turbocharger ability of the turbocharger 20. By operating the motor

means 51 based on higher one of the necessary scavenging pressure Pso5 and the draft
pressure Pdy, it is possible to more reliably carry out the air lubrication without deteriorating

the operation efficiency of the main engine 10.

[0143] When the taking-out amount AQ of the scavenging increases and exceeds the taking-
out amount AQ2s5, the maximum scavenging pressure when the motor means 51 assists
rotation of the turbocharger 20 becomes lower than the draft pressure Pdy, the control means
54 drives the assist blower 33. By further pressurizing the taken out pressurized air by the
assist blower 33, the pressure of the taken out pressurized air exceeds the draft pressure Pdy,
and an appropriate amount of air as air lubrication can be supplied from the air supply port 4
(section Zs).

[0144] When the taking-out amount AQ of scavenging further increases and exceeds a taking-
out amount AQ3s5, since the maximum pressure when the taken out pressurized air is further

pressurized by the assist blower 33 becomes lower than the draft pressure Pdy, an
appropriate amount of air cannot be supplied from the air supply port 4 as air lubrication
(section Ns). Therefore, air can be lubricated only up to a range not exceeding the taking-out
amount AQ3s. When the assist blower 33 is not provided, air lubrication can be carried out only

up to a range not exceeding the taking-out amount AQ2sg.

[0145] In this manner, the control means 54 controls the motor means 51 and the assist
blower 33 while taking into account, the scavenging pressure of the turbocharger 20
determined by a load of the main engine 10 and draft pressure determined by draft of the ship.
Therefore, even if the draft of the ship and a load of the main engine 10 are varied, it is
possible to carry out the air lubrication without deteriorating the operation efficiency of the main
engine 10.

[0146] A case where to take out scavenging, a pressure reduction permissible range from the
necessary scavenging pressure is taken into account will be described using Fig. 9. This case

will be described based on condition 2 (Fig. 5).

[0147] The taking-out amount setting means 53 has a predetermined pressure reduction
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permissible width B from the necessary scavenging pressure Pso2. The pressure reduction
permissible width B is determined from the characteristics of the main engine 10 and the
optimal taking-out amount AQO1.

[0148] Therefore, even if When the taking-out amount AQ of scavenging increases and
exceeds a taking-out amount AQ2, and the maximum scavenging pressure when the motor

means 51 assists rotation of the turbocharger 20 becomes lower than the necessary
scavenging pressure Pso2, the scavenging can be taken out up to a range not becoming lower
than a lower limit of the pressure reduction permissible width B (section E5). That is, a limit of a
taking out amount of the scavenging is shifted to right, and the taking-out amount of the
scavenging can be increased within the range of the pressure reduction permissible width B of
the necessary scavenging pressure Pso2.

[0149] Fig. 10 shows a relation between the scavenging pressure (pressure) of an arbitrary
load of the main engine and a taking-out amount of scavenging.

[0150] The example of the control means 54 with respect to the motor means 51 and the
assist blower 33 was described using Figs. 4 to 9. Here, a method to prevent the scavenging
pressure from reducing by taking out the scavenging, and to maintain necessary scavenging
pressure for the main engine 10 will be described using Fig. 10.

[0151] In Fig. 10, PsO represents necessary scavenging pressure (pressure) of the main
engine 10 in an arbitrary load, Pd1 represents a normal ballast draft pressure, pd2 represents
Heavy ballast draft pressure, and pd3 represents full-loaded draft pressure Pd3.

[0152] When the necessary scavenging pressure PsO is higher than the draft pressure Pd1
and pd2, i.e., when the ship is mainly in the blast condition, if a taking-out amount of
scavenging is AQ1, reduction of the scavenging pressure by the taking-out amount AQ1 of the
scavenging is first supplemented by the variable nozzle 23.

[0153] If the variable nozzle 23 is made constant and the taking out operation of scavenging is
started, the scavenging pressure tries to be lowered, but it is a basic to control such that the
scavenging pressure is not lowered. Since the scavenging pressure increases or reduces also
depending upon output of the load of the main engine 10, control is performed such that
scavenging pressure corresponding to the load output is obtained. For example, an arbitrary
load output and scavenging pressure at the time of bypassing in a position of the variable
nozzle 23 are previously obtained and controlled.

[0154] If the taking-out amount of the scavenging is increased to a taking-out amount AQ2, the
scavenging pressure is lowered, but by assisting rotation of the turbocharger 20 by the motor
means 51, it is possible to maintain the necessary scavenging pressure Ps0.

[0155] When the necessary scavenging pressure Ps0 is lower than the draft pressure Pd3, i.e.,
when the ship is mainly full loaded, the scavenging pressure is first increased by the variable
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nozzle 23 and then, the motor means 51 assists rotation of the turbocharger 20. However,
even if the necessary scavenging pressure PsO which is necessary for the main engine 10 is
satisfied, since the scavenging pressure is lower than the draft pressure to supply appropriate
amount of air as the air lubrication, the taken out pressurized air is further pressurized by the
assist blower 33.

[0156] As described above, when the taking-out amount of scavenging exceeds the
predetermined amount, the control means 54 performs control such that the motor means 51
assists the turbocharger 20. Therefore, the operation of the main engine 10 is not hindered.

[0157] This predetermined amount corresponds to the taking-out amount AQ1 in Fig. 10 for
example. If the taking-out amount of scavenging exceeding AQ1 is set, the scavenging
pressure which can be improved by the variable nozzle 23 is lowered, but to maintain the
necessary scavenging pressure Ps0, the motor means 51 is operated to supplement the
scavenging pressure.

[0158] By changing the predetermined amount in accordance with draft, it is possible to
efficiently carry out the air lubrication against variation in load capacity of the ship, against
variation in ship's speed, and against dynamic variation such as swing of the ship's hull. Here,
the expression "changing the predetermined amount in accordance with draft" means that in
Fig. 10 for example, in the ballast state, the necessary scavenging pressure Ps0 is suffice
when air lubrication is carried out at the draft pressure Pd2, but since air pressure which is
necessary for air lubrication also increase in the case of the full-loaded draft pressure Pd3, a
taking-out amount (predetermined amount) of scavenging of operation start in which the motor
means 51 is operated is set small, and scavenging pressure which is not excessively low is
utilized.

[0159] In the above description, if the taking-out amount exceeds the taking-out amount AQ1,
the motor means 51 is operated and control to assist the turbocharger 20 is performed. This is
technically equal to a fact that if the necessary scavenging pressure becomes smaller than
Ps0, the motor means 51 is operated to assist the turbocharger 20. This is apparent from a
fact that the taking-out amount AQ1 and the necessary scavenging pressure PsO correspond
to each other on one-on-one level with respect to the diagonal line a showing the scavenging
pressure (including variable nozzle 23) by the characteristics of the turbocharger 20 as shown
in Fig. 10. The same can be applied to the taking-out amount and the necessary scavenging
pressure other than the taking-out amount AQ1 and the necessary scavenging pressure Ps0.

[0160] In the case of operation conditions and a system capable of satisfying the draft
pressure Pd3 which is a full-loaded condition utilizing only the variable nozzle 23 and the motor
means 51, a system and operation conditions which do not use the assist blower 33 should
also exist. When the present invention is applied to the turbocharger 20 which does not use the
variable nozzle 23 or to an existing ship having no variable nozzle 23, a case where air
lubrication is carried out only by the motor means 51 and the assist blower 33, and a case
where air lubrication is carried out only by the motor means 51 should also exist.
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[0161] Other examples of control by the control means 54 with respect to the motor means 51
and the assist blower 33 in the above-described conditions 3 and 5 will be described. Fig. 11 is
a diagram showing a relation between pressure and a taking-out amount of the scavenging in
another example in condition 3. Fig. 12 is a diagram showing a relation between pressure and
a taking-out amount of the scavenging in another example in condition 5. In each of Figs. 11
and 12, a vertical axis shows pressure, and a lateral axis shows a taking-out amount AQ of
scavenging.

[0162] Since a load of the main engine 10 and draft of the ship are varied, the control means
54 controls the motor means 51 and the assist blower 33 in accordance with a taking-out
amount of scavenging while taking the load of the main engine 10 and the draft of the ship into
account.

[0163] Fig. 11 shows a case where draft of the ship is large and the main engine 10 is low-load
operating (condition 3). In condition 3, necessary scavenging pressure is Pso3, and draft
pressure is Pdy. The necessary scavenging pressure Pso3 and the draft pressure Pdy are

determined by the condition 3. In condition 3, the draft pressure Pdy is higher than the

necessary scavenging pressure Pso3.

[0164] A diagonal line a shown by a solid line in Fig. 11 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Here, AQO3 shows a taking-out

amount of optimal scavenging.

[0165] When the taking-out amount AQ of scavenging is larger than a taking-out amount AQ15'
and smaller than a taking-out amount AQ23', the scavenging pressure by the surplus ability of

the turbocharger 20 exceeds the necessary scavenging pressure Pso3 but becomes lower
than the draft pressure Pdy. Therefore, the control means 54 drives the assist blower 33. By

further pressurizing taken out pressurized air by the assist blower 33, pressure of the taken out
pressurized air exceeds the draft pressure Pdy, and an appropriate amount of air as air

lubrication can be supplied from the air supply port 4 (section Y3'). When the scavenging

pressure by the surplus ability of the turbocharger 20 is larger than the necessary scavenging
pressure Pso3 and lower than the draft pressure Pdy in this manner, the control means 54

drives the assist blower 33 faster than the motor means 51.

[0166] When the taking-out amount AQ of the scavenging increases and exceeds the taking-
out amount AQ23', scavenging pressure by the surplus ability of the turbocharger 20 becomes
lower than the necessary scavenging pressure Pso3. Therefore, the control means 54 drives
the motor means 51. By assisting rotation of the turbocharger 20 by the motor means 51, the
necessary scavenging pressure Pso3 is maintained and scavenging can be taken out.
Although pressure of the taken out pressurized air becomes lower than the draft pressure Pdp,

pressure of the taken out pressurized air exceeds the draft pressure Pdy by further
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pressurizing the taken out pressurized air by the assist blower 33, and an appropriate amount
of air as air lubrication can be supplied from the air supply port 4 (section Z3').

[0167] When the taking-out amount AQ of scavenging further increases and exceeds a taking-
out amount AQ33', since the maximum pressure (limit pressure of blower assist) when the
taken out pressurized air is further pressurized by the assist blower 33 becomes lower than the
draft pressure Pdy, an appropriate amount of air cannot be supplied from the air supply port 4

as air lubrication (section N3'). Therefore, air lubrication can be carried out only within a range

not exceeding the taking-out amount AQ33'.

[0168] In this manner, the control means 54 controls the motor means 51 and the assist
blower 33 while taking into account, the scavenging pressure of the turbocharger 20
determined by a load of the main engine 10 and draft pressure determined by draft of the ship.
Therefore, even if the draft of the ship and a load of the main engine 10 are varied, it is
possible to carry out the air lubrication without deteriorating the operation efficiency of the main
engine 10.

[0169] Further, in the control means 54, the assist blower 33 is driven based on draft of the
ship, and when pressure of the pressurized air which is necessary in corresponding to a load
of the main engine 10 is insufficient, since the motor means 51 is operated, if pressure of
pressurized air which is necessary in corresponding to the load of the main engine 10 is
sufficient, the assist blower 33 is first driven based on draft. Therefore, it is possible to
suppress the operation frequency of the motor means 51 and to reduce an energy amount
which is necessary for supply of pressurized air. Under condition where draft is deep, if the
assist blower 33 is operated firster than the motor means 51 is operated, electric power which
is necessary for supply of the pressurized air can be reduced in many cases in terms of
efficiency.

[0170] Fig. 12 shows a case where draft of the ship is large and the main engine 10 is
intermediate-load operating (condition 5). In condition 5, the necessary scavenging pressure is
Pso5 and the draft pressure is Pdy. The necessary scavenging pressure Pso5 and the draft

pressure Pdy are determined by condition 5. In configuration 5, draft pressure Pdy is higher

than the necessary scavenging pressure Pso5.

[0171] A diagonal line a shown by a solid line in Fig. 12 shows scavenging pressure (including
variable nozzle 23) by characteristics of the turbocharger 20. Here, AQO5 shows a taking-out

amount of optimal scavenging.

[0172] When the taking-out amount AQ of scavenging is larger than a taking-out amount AQ15'
and smaller than a taking-out amount AQ25', the scavenging pressure by the surplus ability of

the turbocharger 20 exceeds the necessary scavenging pressure PsoS but becomes lower
than the draft pressure Pdy. Therefore, the control means 54 drives the assist blower 33. By
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further pressurizing taken out pressurized air by the assist blower 33, pressure of the taken out
pressurized air exceeds the draft pressure Pdy, and an appropriate amount of air as air

lubrication can be supplied from the air supply port 4 (section Ys5'). When the scavenging

pressure by the surplus ability of the turbocharger 20 is higher than the necessary scavenging
pressure Pso5 and lower than the draft pressure Pdy in this manner, the control means 54

drives the assist blower 33 faster than the motor means 51.

[0173] When the taking-out amount AQ of scavenging further increases and exceeds a taking-
out amount AQ2g, since the scavenging pressure by the surplus ability of the turbocharger 20
becomes lower than the necessary scavenging pressure Pso5, the control means 54 drives the
motor means 51. By assisting rotation of the turbocharger 20 by the motor means 51, the
necessary scavenging pressure PsoS is maintained, and scavenging can be taken out. The
pressure of the taken out pressurized air becomes than the draft pressure Pdy but if the taken

out pressurized air is further pressurized by the assist blower 33, the pressure of the taken out
pressurized air exceeds the draft pressure Pdy, and an appropriate amount of air as air

lubrication can be supplied from the air supply port 4 (section Zsg').

[0174] When the taking-out amount AQ of the scavenging further increases and exceeds a
taking-out amount AQ3s', the maximum pressure when the taken out pressurized air is further

pressurized by the assist blower 33 becomes lower than the draft pressure Pdy, an

appropriate amount of air cannot be supplied from the air supply port 4 as air lubrication
(section Ng'). Therefore, the air lubrication can be carried out within a range not exceeding the

taking-out amount AQ3s'.

[0175] In this manner, the control means 54 controls the motor means and the assist blower
33 while taking into account, the scavenging pressure of the turbocharger 20 determined by a
load of the main engine 10 and draft pressure determined by draft of the ship. Therefore, even
if the draft of the ship and a load of the main engine 10 are varied, it is possible to carry out the
air lubrication without deteriorating the operation efficiency of the main engine 10.

[0176] In the control means 54, the assist blower 33 is driven based on draft of the ship, and
when pressure of the pressurized air which is necessary corresponding to the load of the main
engine 10 is insufficient, the motor means 51 is operated. Therefore, when pressure of
pressurized air which is necessary corresponding to the load of the main engine 10 is
sufficient, the assist blower 33 is first driven based on draft. Therefore, it is possible to
suppress the operation frequency of the motor means 51 and to reduce an energy amount
which is necessary for supply of the pressurized air.

[0177] A calculation method of the taking-out amount of scavenging will be described using
Fig. 13.

[0178] As shown in Fig. 13, if an air supply amount is increased in the air lubrication, since the
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friction resistance of the ship's hull 1 is reduced, the energy-saving amount is increased but an
energy amount for supplying air is increased.

[0179] A taking-out amount AQO of optimal scavenging can be determined from a relation
between the energy-saving amount achieved by the supply of the taken out pressurized air to
the ship's hull 1 and an energy amount which is necessary for the supply of the taken out
pressurized air to the ship's hull 1. The optimal scavenging taking-out amount AQO is
previously determined by the actual operation of the ship and by various load conditions by
calculation, and control is performed based on the determined optimal scavenging taking-out
amount AQO. A necessary energy amount is varied by a load of the main engine 10 and the
draft pressure of the ship as described above, the energy-saving amount is also varied and the
optimal scavenging taking-out amount AQO is also varied by the output of a load of the main
engine 10 and the draft pressure of the ship.

[0180] Fig. 14 is a block diagram of an air supply control system of an air lubrication type ship
according to another embodiment.

[0181] A main engine 10 is operated by a main engine control panel 11. In the main engine
control panel 11, a lever 11a is operated to a neutral position to stop, the lever 11a is operated
toward one side to travel forward, and the lever 11a is operated toward the other side to travel
rearward. By the turning operation of the lever 11a toward the one side and the other side, it is
possible to set the rotation number of the main engine 10.

[0182] A main engine controller 12 controls changes of stop, forward travelling, rearward
travelling (reverse rotation and shifting between gears) and the rotation number in accordance
with the setting of the main engine control panel 11.

[0183] In accordance with the setting of the main engine control panel 11, the rotation number
of the main engine 10 corresponding to the engine load is determined, and scavenging
pressure (scavenging amount) which is necessary for combustion of the main engine 10 is
determined.

[0184] A governor 13 converts set rotation number into a fuel amount, and adjusts a
combustion amount corresponding to the rotation number. In the governor 13, the rotation
number detected by a rotation number detector 43a provided in the main engine 10 is
feedback, thereby adjusting the fuel amount such that the rotation number becomes equal to
the set rotation number.

[0185] A fuel injection valve 14 injects a fuel amount which is controlled by the governor 13
through the main engine 10.

[0186] The rotation number detector 43a detects the rotation number of the output shaft of the
main engine 10 (drive shaft of propeller 6), and a torque detector 43b detects torque of the
output shaft of the main engine 10 (drive shaft of propeller 6)
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[0187] An engine load calculator 12a calculates an engine load from the rotation number
detected by the rotation number detector 43a and torque detected by the torque detector 43b.
In Fig. 14, the rotation number detector 43a and the torque detector 43b configure the load
detection means 43. The engine load can be calculated also from the rotation number and a
fuel pump mark.

[0188] The turbocharger 20 can control in accordance with operation of the main engine 10.
Air lubrication can be utilized in accordance with the operation of the main engine 10. That is,
the turbocharger 20 can be controlled only when the forward travelling or the rearward
travelling is set by the main engine control panel 11 in terms of control sequence.

[0189] A turbocharger controller 54a controls the variable nozzle 23 and a turbocharger motor
51. The turbocharger controller 54a includes a characteristics memory 54c¢. The characteristics
memory 54c stores motor characteristics of the turbocharger 20, the variable nozzle 23 and
the motor means (turbocharger motor) 51.

[0190] To secure necessary scavenging amount by the main engine 10 in a certain load, the
turbocharger controller 54a controls the variable nozzle 23 and the turbocharger motor 51.
The turbocharger controller 54a is controlled based on exhaust gas temperature detected by
an exhaust gas temperature detector 48 and scavenging pressure detected by the scavenging
pressure detector 41.

[0191] The scavenging pressure and the exhaust gas temperature are important as physical
amounts related to a heat load of the main engine 10, and if they are taken out as physical
amounts and used as constant variables, it is possible to preferably control without hindering
the turbocharger 20.

[0192] Even when the air lubrication is not carried out, the variable nozzle 23 is controlled
when the engine load is large.

[0193] The turbocharger motor 51 is driven also for securing a pressurized air (scavenging)
amount when the operation of the main engine 10 is started. When the operation of the main
engine 10 is started, since the rotation number of the turbocharger 20 is low, a sufficient
pressurized air amount cannot be obtained, but if the turbocharger motor 51 assists the
turbocharger 20, it is possible to secure a pressurized air amount which is necessary for
starting.

[0194] To secure the necessary scavenging amount of the main engine 10, the scavenging
pressure is detected and the variable nozzle 23 is first controlled, the scavenging pressure is
controlled such that it becomes equal to a predetermined pressure, and if the control of the
variable nozzle 23 reaches limitation, the turbocharger motor 51 is controlled, and the
scavenging pressure is controlled such that it becomes equal to predetermined pressure.
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[0195] An air lubrication setter 53a including the taking-out amount setting means 53 can turn
an air lubrication switch ON when the operation of the main engine 10 is set.

[0196] The air lubrication setter 53a can set the number of air supply ports 4 and a taking-out
amount of the pressurized air (scavenging). The taking-out amount of the pressurized air
(scavenging) can be set as a flow rate, or can be set in such a manner that a loaded state (full-
loaded, ballast) of the ship is set, and this is associated with a present appropriate flow rate, or
an appropriate amount in accordance with draft can automatically be set.

[0197] An optimal value (optimal scavenging taking-out amount) of the taking-out amount of
the pressurized air (scavenging) is previously obtained in accordance with a relation shown in
Fig. 13, and is stored in an optimal value memory 54d.

[0198] In an air lubrication controller 54b, an air lubrication switch is turned ON by the air
lubrication setter 53a, and if the start of the air lubrication is set, the take-out valve 32 is
opened by the taking-out means 52. The take-out valve 32 is adjusted to such an opening
degree that a taking-out amount of set pressurized air (scavenging) is obtained.

[0199] When the taking-out amount cannot be obtained even if the take-out valve 32 is fully
opened, the variable nozzle 23 is controlled by the turbocharger controller 54a and then, the
turbocharger motor 51 is controlled.

[0200] The taking-out amount of pressurized air is detected by the flow rate sensor 45a, and is
compared with a set value by the air lubrication controller 54b, an opening degree of the take-
out valve 32 is adjusted such that the taking-out amount of the pressurized air becomes equal
to a set value, and the variable nozzle 23 and the turbocharger motor 51 are controlled by the
turbocharger controller 54a.

[0201] When the load amount (load amount can be detected also by draft pressure detection
means 44) is high and a taking-out amount is insufficient even if the variable nozzle 23 and the
turbocharger motor 51 are controlled, the air lubrication controller 54b operates the assist
blower 33.

[0202] Here, in Fig. 14, the turbocharger controller 54a and the air lubrication controller 54b
configure the control means 54.

[0203] When the air lubrication is started, the take-out valve 32 and the bypass passage
selecting means 36 of the bypass passage 35 are opened in a state where the passage
open/close valve 34 is closed, and taken out pressurized air is stored in the air reservoir 55
and then, the passage open/close valve 34 is opened.

[0204] A ship's speed detector 46 detects ship's speed, a draft pressure detector (draft
pressure detection means) 44 detects draft of the ship's hull 1, and an inclination detector 47
detects rolling, a heel, pitching and the like of the ship's hull 1.
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[0205] The heel means a state where the ship's hull 1 continuously inclines toward on side in
the width direction.

[0206] The inclination detector 47 is configured by an acceleration sensor for example, and
functions as rolling detection means which detects rolling as swing of the ship's hull 1 of the
ship, and pitching detection means which detects pitching of the ship's hull 1 as swing of the
ship.

[0207] Further, as the heel detection means which detects the heel of the ship's hull 1, since
an acceleration sensor cannot be used, an inclinometer is used.

[0208] By the ship's speed detected by the ship's speed detector 46, by draft of the ship's hull
1 detected by the draft pressure detection means 44, and by inclination of the ship's hull 1
detected by the inclination detector 47, it is possible to change the taking-out amount of the
pressurized air, and to control the opening/closing operation of the passage open/close valve
34, and air lubrication can appropriately be carried out.

[0209] The plurality of passage open/close valves 34 respectively provided in the plurality of
branched passages 39 are made to function as supply amount control valves 34 for controlling
supply amounts of pressurized air which are taken out to the respective air supply ports 4. The
inclination detector (acceleration sensor) 47 is made to function as rolling detection means
which detects rolling of the ship's hull 1 of the ship. The air lubrication controller 54b controls
the plurality of supply amount control valves 34 based on a result of detection of the rolling
detection means, thereby reducing a supply amount of pressurized air which is taken out to the
air supply port 4 having lower draft pressure. Therefore, even if the ship's hull 1 is inclined by
rolling, the air lubrication can efficiently be carried out by reducing a supply amount of the
pressurized air taken out to the air supply port 4 having lower draft pressure. Reduction of the
supply amount of the taken out pressurized air includes stop of the supply amount. For
example, when the opend air supply port 4 is at a higher location than draft, it is preferable that
supply of the taken out pressurized air for the opened air supply port 4 is stopped. It is effective
that the supply amount of the taken out pressurized air to the air supply port 4 having higher
draft pressure is increased, but the supply amount may be maintained at the same level as
before.

[0210] The passage open/close valves 34 respectively provided in the plurality of branched
passages 39 are made to function as supply amount control valves 34 which control supply
amounts of pressurized air taken out to the respective air supply ports 4. The inclination
detector (inclinometer) 47 is made to function as heel detection means which detects the heel
of the ship's hull 1 of the ship. The air lubrication controller 54b controls the plurality of supply
amount control valves 34 based on a result of detection of the heel detection means, thereby
reducing a supply amount of pressurized air which is taken out to the air supply port 4 having
lower draft pressure. Therefore, even if the ship's hull 1 is inclined by the heel, the air
lubrication can efficiently be carried out by reducing the supply amount of the pressurized air
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taken out to the air supply port 4 having lower draft pressure. The expression "reduction of the
supply amount of the taken out pressurized air" includes stop of the supply amount. For
example, when the opend air supply port 4 is at a higher location than draft, it is preferable that
supply of the taken out pressurized air for the opened air supply port 4 is stopped. It is effective
that the supply amount of the taken out pressurized air to the air supply port 4 having higher
draft pressure is increased, but the supply amount may be maintained at the same level as
before.

[0211] The passage open/close valves 34 respectively provided in the plurality of branched
passages 39 are made to function as supply amount control valves 34 which control supply
amounts of pressurized air taken out to the respective air supply ports 4. The inclination
detector (acceleration sensor) 47 is made to function as pitching detection means which
detects the pitching of the ship's hull 1 of the ship. The air lubrication controller 54b controls
the plurality of supply amount control valves 34 based on a result of detection of the pitching
detection means, thereby increasing or reducing a supply amount of pressurized air taken out
to the air supply port 4 in accordance with variation in the draft pressure. Therefore, even if the
draft pressure of the ship's hull 1 is varied by the pitching, the air lubrication can efficiently be
carried out by reducing the supply amount of the pressurized air taken out to the air supply
port 4 when the draft pressure is low. Reduction of the supply amount of the taken out
pressurized air includes stop of the supply amount. When the draft pressure is high, it is
effective to increase the supply amount of the pressurized air which is taken out to the air
supply port 4, but the supply amount may be maintained at the same level as before.

[0212] When the air lubrication is stopped, if the air lubrication switch is turned OFF by the air
lubrication setter 53a, the air lubrication controller 54b first closes the passage open/close
valve 34 and then, the take-out valve 32 is closed by the taking-out means 52. When the assist
blower 33 is operated, the passage open/close valve 34 is fi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>