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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] Inashipduring marine navigation, a submerged
surface of a ship’s hull receives friction resistance of wa-
ter. 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 ocutside water in the sub-
merged 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] Patentdocument 1 proposes an air supply con-
trol system using both the method to send air by an elec-
tric blower and by the scavenging bypass method (ex-
ample shown in Figs. 2 and 3) .

[0006] Thereisalready proposed a power-assisted tur-
bocharger which electrically or hydraulically assists a tur-
bocharger 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 pre-
amble 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 al-
ready proposed. Patent document 3 proposes a com-
pressed air supply control system of a ship. According
to this compressed air supply control system, when com-
bustion 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
notdischarged to the outer surface of the ship’s hull, con-
trol is performed to open the variable nozzle.

[0008] In patentdocument 3, when air is bled and sent
to a ship’s bottom, a turbine nozzle is narrowed to in-
crease 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 sup-
pressed.

[0009] Patent document 4 proposes a structure in
which in a friction resistance reduction device of a ship,
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compressed air from afluid machine driven by an electric
motor is discharged from an injection port provided in a
ship’s bottom, and a portion of compression air dis-
charged 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] Inthe 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 by-
pass, aload ofamainengineis low atthe time ofreduced-
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.

[0013] Accordingto patentdocument 1, air cannot suf-
ficiently be taken out from the turbocharger when a load
of a main engine is low.

[0014] The power-assisted turbochargers are fre-
quently proposed as in patent document 2, and the tur-
bocharger having the variable nozzle is also already pro-
posed in patent document 3, but there is not proposed a
technique in which a turbocharger is assisted in accord-
ance 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 ac-
cordance with setting of a taking-out amount of pressu-
rized 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 anair supply control system of an air lubrication
type ship capable of efficiently taking out, from a turbo-
charger, pressurized air which is necessary for air lubri-
cation, and capable of efficiently air-lubricating without
lowering operation efficiency of a main engine even if
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draft water pressure of a ship and a load of the main
engine are varied.

[MEANS FOR SOLVING THE PROBLEM]

[0017] Anairsupply control system of an air lubrication
type ship corresponding to description of claim 1 com-
prises a turbochargerwhich is driven by exhaust gas from
amain 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 tur-
bocharger and the main engine through bypassing, an
air supply passage for supplying the taken out pressu-
rized air to an air supply port provided below a draft of
the ship, motor means for assisting rotation of the turbo-
charger, 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 set-
ting of the taking-out amount by the taking-out amount
setting means. According to the present invention de-
scribed 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 turbo-
charger. 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 effi-
ciently 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 pres-
sure 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 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 predeter-
mined 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
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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 oper-
ating the motor means on the basis on higher one of the
higher scavenging pressure and draft pressure, it is pos-
sible to effectively carry out more the air lubrication with-
out deteriorating the operation efficiency of the main en-
gine.

[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 tur-
bocharger and the main engine is kept at predetermined
pressure.

According to the invention described in claim 5, by keep-
ing the scavenging pressure at predetermined pressure,
it is possible to carry out the air lubrication without dete-
riorating 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 pos-
sible to further pressurize the pressurized air up to pres-
surewhich is suitable for air lubrication by the assist blow-
er.

[0023] According to the invention described in claim 7,
when the motor means is driven and rotation of the tur-
bocharger is assisted, if pressure of the taken out pres-
surized air is not sufficient, the control means drives the
assist blower to further pressurize the taken out pressu-
rized 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, itis possible to further pressurize the pres-
surized air up to pressure which is suitable for air lubri-
cation by the assist blower.

[0024] According to the invention described in claim 8,
the control means drives the assist blower based on the
draft of the ship, and when the pressure of the pressu-
rized 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 re-
duce 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 pressu-
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rizing the pressurized air. According to the invention de-
scribed 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 suf-
ficient scavenging pressure by the variable nozzle, en-
ergy 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 scav-
enging 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 tur-
bocharger 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 turbo-
charger, and it is possible to keep the scavenging pres-
sure 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
outto the ship’s hull and an energy amount which is nec-
essary to supply the taken out pressurized air tothe ship’s
hull. According to the invention describedin claim 12, the
taking-out amount of the pressurized air can having ex-
cellent 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 de-
tects 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
the invention described in claim 13, even ifthe ship’s hull
swings and inclines by rolling, air lubrication can efficient-
ly be carried out by reducing a supply amount of pressu-
rized 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
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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 de-
scribed 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 pitch-
ing ofthe ship’s hull of the ship, whereinthe 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. Accord-
ing 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, asupply 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 reser-
voir, 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 pres-
sure 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 vari-
ation 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 pres-
surized 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 pres-
sure in the main engine can be moderated.

[0034] According to the invention described in claim
18, the air supply control system of an air 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, pres-
surized air which is necessary for the air lubrication can
efficiently be taken out from the turbocharger without pro-
viding high performance (turbo type) electric blower. By
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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 ac-
cordance 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 effi-
ciently 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 lubri-
cation 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 tur-
bocharger 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 scaveng-
ing 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 prede-
termined 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.9., ifthe scavenging pressure is reduced,
the turbocharger is assisted by the motor means. Accord-
ing to this, the operation of the main engine is not hin-
dered. 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 amountis 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 de-
teriorating 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 be-
tween 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 without deteri-
orating the operation efficiency of the main engine.
[0040] The air supply passage is provided with an as-
sist blower which further pressurizes the taken out pres-
surized air. According to this, itis possible to further pres-
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surize 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 possi-
bletofurther 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 airwhich is necessary inaccordance 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 amountwhich
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, pres-
sure can be set to the scavenging pressure which is suit-
able forthe main engine by the variable nozzle, and when
pressure cannot be set to sufficient scavenging pressure
by the variable nozzle, energy efficiently can be en-
hanced by driving the motor means.

[0044] The air supply control system further comprises
a scavenging pressure detector which detects the scav-
enging pressure. According to this, by providing the scav-
enging 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
aturbocharger rotation number detector for detecting ro-
tation number of the turbocharger, wherein the scaveng-
ing 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 char-
acteristics 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 nec-
essary tosupply the taken out pressurized air tothe ship’s
hull. According to this, the taking-out amount of the pres-
surized air can having excellent energy efficiency.
[0047] The air supply control system of the air lubrica-
tion type ship, further comprises a plurality of the air sup-
ply port, a plurality of supply amount control valves for
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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 effi-
ciently 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 pitch-
ing ofthe 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. Accord-
ing 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 portis reduced, thereby carrying out the air lubri-
cation 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 ex-
ample evenifaload ofthe mainengine isordraft pressure
is varied by ship’s hull movement in actual sea, a flow
rate variation and pressure variation of the air supply pas-
sage 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 sys-
tem.

[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 out the pressurized
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air and store the pressurized air in the air reservoir and
then, the passage open/close valve isopened. 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 outfromthe turbocharger without providing high
performance (turbo type) electric blower. By taking a load
of the main engine and draft of the ship into account,
evenifthe draft ofthe shipand 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 with-
out 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 con-
trol system of an embodiment of the present inven-
tion;

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 adiagram (condition 1) of arelation between
pressure and a taking-out amount of scavenging;
Fig. 5 is a diagram (condition 2) of the relation be-
tween pressure and the taking-out amount of scav-
enging;

Fig. 6 is a diagram (condition 3) of the relation be-
tween pressure and the taking-out amount of scav-
enging;

Fig. 7 is a diagram (condition 4) of the relation be-
tween pressure and the taking-out amount of scav-
enging;

Fig. 8 is a diagram (condition 5) of the relation be-
tween pressure and the taking-out amount of scav-
enging;

Fig. 9 is a diagram (condition 2 (pressure drop per-
missible 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;
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
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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] Anairsupply 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 inven-
tion, 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 por-
tion 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
aplurality of parts such as aship 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 turbo-
charger 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.

[0061] Theturbocharger20includesaturbine 21which
is provided in an exhaust gas passage of the main engine
10 and which takes out power from exhaust gas, a com-
pressor 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 pas-
sage, theregy changeing an exhaust gas passage, ad-
justs flow speed of exhaust gas supplied from the main
engine 10, and can control scavenging pressure.
[0063] The airsupply 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
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is introduced into the main engine 10.

[0066] One end of the air supply passage 31 is con-
nected betweenthe 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 down-
stream-side of the inter-cooler 24 is taken out as pres-
surized air, air supply at upstream-side may be taken out
as pressurized air. By using scavenging existing down-
stream-side of the inter-cooler 24 for lubricating air, en-
ergy efficiency can be enhanced. It is possible

to avoid a case where high temperature air is continu-
ously 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 turbo-
charger 20 and the main engine 10, and an assist blower
33 which further pressurizes pressurized air of the air
supply passage 31. Evenifthe motor means 51 is driven
and the rotation of the turbocharger 20 is assisted, if pres-
sure of the taken out pressurized air is not sufficient, the
pressurized air pressurized by the turbocharger 20 is fur-
ther 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 de-
tects 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
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 detec-
tors 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 embodi-
ment includes a bypass passage 35 which branches off
fromthe air supply passage 31, bypasses the assist blow-
er 33, and again merges with the air supply passage 31,
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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 unneces-
sary to further pressurize the taken out pressurized air,
the bypass passage selecting means 36 selects the by-
pass 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 by-
pass 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 as-
sist 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 pas-
sage 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 sup-
plies the air to the air supply port 4, the atmosphere suc-
tion passage selecting means 38 is opened, the bypass
passage selecting means 36 provided in the bypass pas-
sage 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 pro-
vided 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 at-
mosphere 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 insuf-
ficient, or when draft pressure is low, air from the atmos-
phere is supplied directly to the air supply port 4 provided
in the ship’s bottom 3, thereby making it possible to fur-
ther enhance the energy efficiency and energy-saving
effect.

[0073] The air supply control system of the embodi-
ment 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
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 tur-
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bocharger 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 un-
necessary, and regenerative electric power can be ob-
tained. 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 maotor, 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 lubri-
cation 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 airis supplied by the take-
outvalve 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 turbo-
charger 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 pos-
sible to utilize the variable nozzle 23 other than the motor
means 51. Thatis, andirection and an angle of the nozzle
blade of the variable nozzle 23 are changed in accord-
ance 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 charac-
teristics 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 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 pressu-
rized 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 en-
gine 10 is operated with low load.

[0081] When the setting of the operation of the air lu-
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brication is not carried out by the taking-out amount set-
ting 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 oper-
ated or controlled. However, when the setting of the op-
eration of the air lubrication is not carried out by the tak-
ing-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 lubri-
cation 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 broughtinto 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 lowerthan the threshold valueswhen
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
amountofthe 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-outamount of the pres-
surized 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 hin-
dered.

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

[0085] Here, the predetermined pressure is deter-
mined 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.

[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 ef-
ficiency of the main engine 10.

[0087] Inthe 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
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out pressurized air is insufficient, the taken out pressu-
rized 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 can-
not 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 in-
stead 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 resist-
ance caused by the variable nozzle 23, resistance
caused by the passage between the turbocharger 20 and
the mainengine 10, and resistance ofthe 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 scav-
enging taking-out amount having excellent energy effi-
ciency can be obtained. The necessary energy amount
is varied by a load of the main engine 10 and draft pres-
sure of the ship as described above, the energy-saving
amountis 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.

[0095] A load of the main engine 10 is detected by load
detection means 43. The load detection means 43 in-
cludes rotation number detection means which detects
the rotation number of the main engine 10. The load of
the mainengine 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 com-
bined with the rotation number, it is possible to more re-
liably determine the load of the main engine 10.

[0096] When the load of the main engine 10 detected
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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 de-
tection 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] Itis possible to assist the rotation of the turbo-
charger 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 inputto 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 obtain-
ing 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 rota-
tion number and torque of the mainengine 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 draftfrom a ship-
ment volume.

[0100] Ataking-outamountofthe 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.

[0101] The air supply control system of the embodi-
ment includes a plurality of branched passages 39 in
which the air supply passage 31 is branched into a plu-
rality 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,
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it is possible to increase air to be discharged to a sur-
roundings 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 op-
erated, taken out pressurized air is discharged from the
central two air supply ports 4, and discharge of the pres-
surized air taken out from the both right and left air supply
ports 4 can be stopped. When the ship’s hull 1 inclines
and aright 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. Ac-
cording 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
itis 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 pressu-
rized air to the air supply port 4. That is, in actual sea,
evenif variationin draft pressure is generated by variation
in the load of the main engine 10 or by ship’s hull move-
ment, 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 pro-
vide 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 pressu-
rized 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 start-
ed.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 pres-
surized 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 inthe air supply passage 31 at alocation
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 as-
sist 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 sen-
sors. 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
10is reduced together with reduction in scavenging pres-
sure.

[0111] Air passing through the turbocharger 20 is im-
portant for the main engine 10 to secure its performance
and reliability, and the air amount must be secured ap-
propriately. To secure an air amount which is necessary
for the main engine 10, it is preferable to control to ap-
propriately 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. There-
fore, 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 accordance with the taking-out amount of
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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 pressurewhich is necessary for discharg-
ing air from the air supply port 4 to the ship’s bottom 3
as bubbles in accordance with draft, i.e., necessary pres-
sure from draft. The necessary scavenging pressure
Pso1 and the draft pressure Pd| are determined by con-
dition 1. In condition 1, the draft pressure Pd is higher
than the necessary scavenging pressure Pso1.

[0116] InFig. 4, adiagonal line «. shown by a solid line
shows scavenging pressure (including variable nozzle
23) by characteristics of the turbocharger 20. Further,
AQO4 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 scaveng-
ingis increased to a taking-outamount AQ1,, scavenging
pressure by surplus ability of the turbocharger 20 ex-
ceeds necessary scavenging pressure Pso1 and draft
pressure Pd|, and scavenging can be taken out (section
Xq) .

[0118] When the taking-out amount AQ of the scav-
enging increases and exceeds the taking-out amount
AQ14, since scavenging pressure by the surplus ability
of the turbocharger 20 becomes lower than the draft pres-
sure 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’Y ). When the taking-out amount AQ of scav-
enging exceeds the turbocharger ability of the turbo-
charger 20 and the predetermined amount (taking-out
amount AQ14) which is determined from the draft pres-
sure Pd| in this manner, the control means 54 operates
the motor means 51. In condition 1, since the draft pres-
sure Pd|_is higher than the necessary scavenging pres-
sure Pso1, the predetermined amount (taking-out
amount AQ1,) 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 efficien-
cy of the main engine 10.

[0119] When the taking-out amount AQ of the scav-
enging further increases and exceeds a taking-out
amount AQ2,, since the maximum scavenging pressure
(limit pressure of motor assist) when the motor means
51 assists the rotation of the turbocharger 20 becomes
lower than the draft pressure Pd, the control means 54
drives the assist blower 33. By further pressurizing the
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taken out pressurized air by the assist blower 33, pres-
sure 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 Z,).

[0120] When the taking-out amount AQ of scavenging
further increases and exceeds a taking-out amount
AQ3,, since the maximum scavenging pressure when
the motor means 51 assists rotation of the turbocharger
20 becomes lower than the necessary scavenging pres-
sure Pso1, scavenging cannot be taken out (section Ny).
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 AQ3,. 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 AQ2,.

[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 deter-
mined by the load of the main engine 10 and draft pres-
sure 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 deterio-
rating 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 inter-
mediate 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 X,).

[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 turbo-
charger 20 of the motor means 51, the necessary scav-
enging pressure Pso2 is maintained and scavenging can
be takenout (section Y,). 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-
outamount AQ1,) which is determined by the necessary
scavenging pressure Pso2. Since the necessary scav-
enging pressure Pso?2 is higher than the draft pressure
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Pd, in condition 2, the predetermined amount (taking-out
amount AQ1,) is determined by the necessary scaveng-
ing pressure Pso2 and the turbocharger ability of the tur-
bocharger 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
AQ2,, since the maximum scavenging pressure when
the motor means 51 assists rotation of the turbocharger
20 becomes lower than the necessary scavenging pres-
sure Pso2, scavenging cannot be takes out (section N,).
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 lubri-
cation can be carried outonly in arange where the taking-
out amount AQ does not exceed the taking-out amount
AQ2,.

[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 deter-
mined by a load of the main engine 10 and the draft pres-
sure 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 en-
gine 10.

[0128] Fig. 6 shows a case where draft of the ship is
large and the main engine 10 is low-load operating (con-
dition 3). In condition 3, the necessary scavenging pres-
sure 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 pres-
sure Pdy is higher than the necessary scavenging pres-
sure 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,
AQO4 shows a taking-out amount of optimal scavenging.
[0130] Evenifthe taking-outamount AQ of scavenging
is larger than a taking-outamount AQ13 and smaller than
a taking-out amount AQ25, 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 ex-
ceed 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 abil-
ity of the turbocharger 20 and the predetermined amount
(taking-outamount AQ1,) determined from the draft pres-
sure 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 AQ15) is
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determined by the draft pressure Pdy, and the turbocharg-
er 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 AQ2;,
since the maximum scavenging pressure when the motor
means 51 assists rotation of the turbocharger 20 be-
comes lower than the draft pressure Pd,, the control
means 54 drives the assist blower 33. By further pressu-
rizing 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 Z,).

[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 fur-
ther pressurized by the assist blower 33 becomes lower
than the draft pressure Pd,, 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 AQ2,.

[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 deter-
mined by the load of the main engine 10 and draft pres-
sure 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 deterio-
rating 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 (con-
dition 4). In condition 4, the necessary scavenging pres-
sure 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 Pdy,.

[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, AQO,
shows a taking-out amount of optimal scavenging.
[0136] Until the taking-out amount AQ of scavenging
becomes the taking-out amount AQ1,, scavenging pres-
sure 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 (sec-
tion X,).

[0137] When the taking-out amount AQ of scavenging
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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 Pso4, the control means 54 drives
the motor means 51. By assisting rotation of the turbo-
charger 20 by the motor means 51, the necessary scav-
enging pressure Pso4 is maintained, and scavenging can
be taken out (section Y,). When the taking-out amount
AQ of scavenging exceeds the turbocharger ability of the
turbocharger 20 and the predetermined amount (taking-
out amount AQ1,) determined from the necessary scav-
enging 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 de-
teriorating the operation efficiency of the main engine 10.
[0138] If the taking-out amount AQ of scavenging fur-
ther increases and exceeds a taking-out amount AQ2,,
since the maximum scavenging pressure when the motor
means 51 assists rotation of the turbocharger 20 be-
comes lower than the necessary scavenging pressure
Pso4, scavenging cannot be taken out (section N4). The
assist blower 33 is for further pressurizing taken out pres-
surized air, and cannot pressurize pressurized air (scav-
enging) before it is taken out. Therefore, air lubrication
can be carried out only in a range where the taking-out
amount AQdoes notexceed the taking-out amountAQ2,.
[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 turbocharg-
er 20 determined by a load of the main engine 10 and
the draft pressure determined by draft of the ship. There-
fore, evenifdraft 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 oper-
ating (condition 5) . In condition 5, the necessary scav-
enging pressure is Pso5 and draft pressure is Pdy. The
necessary scavenging pressure Pso5 and the draft pres-
sure 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 o shown by a solid line in Fig. 8
shows scavenging pressure (including variable nozzle
23) by characteristics of the turbocharger 20. Here, AQOg
shows a taking-out amount of optimal scavenging.
[0142] Even if the taking-out amount AQ of the scav-
enging is larger than the taking-out amount AQ15 and
smaller than the taking-out amount AQ2s, since the scav-
enging pressure by the surplus ability of the turbocharger
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20 becomes lower than the draft pressure Pd, the con-
trol 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 Y;). 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 con-
dition 5, since the draft pressure Pdy is higher than the
necessary scavenging pressure Pso5, the predeter-
mined 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 de-
teriorating the operation efficiency of the main engine 10.
[0143] When the taking-out amount AQ of the scav-
enging increases and exceeds the taking-out amount
AQ2;, the maximum scavenging pressure when the mo-
tor means 51 assists rotation of the turbocharger 20 be-
comes lower than the draft pressure Pdy, the control
means 54 drives the assist blower 33. By further pressu-
rizing 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
AQ3s, since the maximum pressure when the taken out
pressurized air is further pressurized by the assist blower
33 becomes lower than the draft pressure Pd,, an ap-
propriate 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 AQ35. 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 AQ2s.
[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 turbocharg-
er 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 pres-
sure reduction permissible range from the necessary
scavenging pressure is taken into account will be de-
scribed 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 permissible width 3
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fromthe necessary scavenging pressure Pso2. The pres-
sure reduction permissible width 3 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 turbo-
charger 20 becomes lower than the necessary scaveng-
ing 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 E,). That
is, a limit of a taking out amount of the scavenging is
shifted to right, and the taking-out amount of the scav-
enging can be increased within the range of the pressure
reduction permissible width B of the necessary scaveng-
ing pressure Pso2.

[0149] Fig. 10 shows arelation between the scaveng-
ing 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 re-
spect to the motor means 51 and the assist blower 33
was described using Figs. 4 to 9. Here, a method to pre-
vent the scavenging pressure from reducing by taking
out the scavenging, and to maintain necessary scaveng-
ing pressure for the main engine 10 will be described
using Fig. 10.

[0151] InFig. 10, PsO represents necessary scaveng-
ing pressure (pressure) of the main engine 10 in an ar-
bitrary load, Pd1 represents a normal ballast draft pres-
sure, pd2 represents Heavy ballast draft pressure, and
pd3 represents full-loaded draft pressure Pd3.

[0152] When the necessary scavenging pressure Ps0
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 scaveng-
ing pressure by the taking-out amount AQ1 of the scav-
enging 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 itis a basic
to control such that the scavenging pressure is not low-
ered. Since the scavenging pressure increases or reduc-
es 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 control-
led.

[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 tur-
bocharger 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 in-
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creased by the variable nozzle 23 and then, the motor
means 51 assists rotation of the turbocharger 20. How-
ever, even if the necessary scavenging pressure Ps0O
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 pres-
surized 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. There-
fore, 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 tak-
ing-out amount of scavenging exceeding AQ1 is set, the
scavenging pressure which can be improved by the var-
iable nozzle 23 is lowered, but to maintain the necessary
scavenging pressure Ps0, the motor means 51 is oper-
ated to supplement the scavenging pressure.

[0158] By changing the predetermined amount in ac-
cordance 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 dy-
namic variation such as swing of the ship’s hull. Here,
the expression "changing the predetermined amount in
accordance with draft" means thatin Fig. 10 forexample,
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 nec-
essary for air lubrication also increase in the case of the
full-loaded draft pressure Pd3, a taking-out amount (pre-
determined 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 uti-
lized.

[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 turbo-
charger 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 scav-
enging pressure Ps0 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 scav-
enging pressure PsO0.

[0160] Inthe caseof operation conditionsandasystem
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 condi-
tions which do not use the assist blower 33 should also
exist. When the presentinvention is applied to the turbo-
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charger 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.

[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 scav-
enging in another example in condition 3. Fig. 12 is a
diagram showing a relation between pressure and a tak-
ing-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 (con-
dition 3). In condition 3, necessary scavenging pressure
is Pso3, and draft pressure is Pdy. The necessary scav-
enging 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 o 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 low-
er than the draft pressure Pdy. Therefore, the control
means 54 drives the assist blower 33. By further pressu-
rizing 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 Y4'). When the scavenging pressure by the sur-
plus ability of the turbocharger 20 is larger than the nec-
essary 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 scav-
enging increases and exceeds the taking-out amount
AQ27’, 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
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the turbocharger 20 by the motor means 51, the neces-
sary scavenging pressure Pso3 is maintained and scav-
enging can be taken out. Although pressure of the taken
out pressurized air becomes lower than the draft pres-
sure Pdy, pressure of the taken out pressurized air ex-
ceeds the draft pressure Pd, by further pressurizing the
taken out pressurized air by the assist blower 33, and an
appropriate amount of air as air lubrication can be sup-
plied from the air supply port 4 (section Zy).

[0167] When the taking-out amount AQ of scavenging
further increases and exceeds a taking-out amount
AQ34, since the maximum pressure (limit pressure of
blower assist) when the taken out pressurized air is fur-
ther 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 AQ3;’.

[0168] In this manner, the control means 54 controls
the motor means 51 andthe assist blower 33 while taking
into account, the scavenging pressure of the turbocharg-
er 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 cor-
responding to a load of the main engine 10 is insufficient,
since the motor means 51 is operated, if pressure of pres-
surized 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 re-
duced 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 oper-
ating (condition 5). In condition 5, the necessary scav-
enging 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 configu-
ration 5, draft pressure Pdy, is higher than the necessary
scavenging pressure Pso5.

[0171] A diagonal line o 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-outamount AQ15’ and smaller than
a taking-out amount AQ2y’, the scavenging pressure by
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the surplus ability of the turbocharger 20 exceeds the
necessary scavenging pressure Pso5 but becomes low-
er than the draft pressure Pdy. Therefore, the control
means 54 drives the assist blower 33. By further pressu-
rizing taken out pressurized air by the assist blower 33,
pressure of the taken out pressurized air exceeds the
draft pressure Pd,,, and an appropriate amount of air as
air lubrication can be supplied from the air supply port 4
(section Y5). When the scavenging pressure by the sur-
plus ability of the turbocharger 20 is higher than the nec-
essary scavenging pressure Pso5 and lower than the
draft pressure Pd, 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
AQ2Z;, since the scavenging pressure by the surplus abil-
ity of the turbocharger 20 becomes lower than the nec-
essary 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 Pso5 is maintained, and scaveng-
ing can be taken out. The pressure of the taken out pres-
surized 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 pressu-
rized air exceeds the draft pressure Pdy, and an appro-
priate amount of air as air lubrication can be supplied
from the air supply port 4 (section Zg’).

[0174] When the taking-out amount AQ of the scav-
enging 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 port4 asair lubrication (section Ng'). Therefore,
the air lubrication can be carried out within a range not
exceeding the taking-out amount AQ35’.

[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 turbocharg-
er 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] Inthe 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 pres-
surized 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.
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[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 friction resist-
ance of the ship’s hull 1 is reduced, the energy-saving
amount is increased but an energy amount for supplying
air is increased.

[0179] Ataking-outamount 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 pres-
surized 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 condi-
tions 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 var-
ied 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. 14is ablockdiagram of an air supply control
systemofan airlubrication 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 en-
gine control panel 11, the rotation number of the main
engine 10 corresponding to the engine load is deter-
mined, and scavenging pressure (scavenging amount)
which is necessary for combustion of the main engine 10
is determined.

[0184] A governor 13 converts set rotation numberinto
a fuel amount, and adjusts a combustion amount corre-
sponding 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
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detects torque of the output shaft of the main engine 10
(drive shaft of propeller 6)

[0187] An engine load calculator 12a calculates an en-
gine load from the rotation number detected by the rota-
tion number detector 43a and torque detected by the
torque detector 43b. In Fig. 14, the rotation number de-
tector 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. Thatis, 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 var-
iable nozzle 23 and a turbocharger motor 51. The turbo-
charger controller 54a includes a characteristics memory
54c¢. The characteristics memory 54c¢ stores motor char-
acteristics of the turbocharger 20, the variable nozzle 23
and the motor means (turbocharger maotor) 51.

[0190] Tosecure necessary scavengingamountbythe
main engine 10 in a certain load, the turbocharger con-
troller 54a controls the variable nozzle 23 and the turbo-
charger motor51. The turbocharger controller 54ais con-
trolled 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 se-
curing 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 ro-
tation 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 nec-
essary for starting.

[0194] To secure the necessary scavenging amount
of the main engine 10, the scavenging pressure is de-
tected 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 turbocharg-
er motor 51 is controlled, and the scavenging pressure
is controlled such thatitbecomes equalto predetermined
pressure.

[0195] Anairlubrication setter 53a including the taking-
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out amount setting means 53 can turn an air lubrication
switch ON when the operation of the main engine 10 is
set.

[0196] Theair lubrication setter 53a can setthe number
of air supply ports 4 and a taking-out amount of the pres-
surized 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 arelation showninFig. 13, and is stored inan optimal
value memory 54d.

[0198] In an air lubrication controller 54b, an air lubri-
cation 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 (scaveng-
ing) is obtained.

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

[0200] The taking-out amount of pressurized air is de-
tected by the flow rate sensor 45a, and is compared with
a set value by the air lubrication controller 54b, an open-
ing 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 de-
tected also by draft pressure detection means 44) is high
and ataking-outamountis insufficient evenif the variable
nozzle 23 and the turbocharger motor 51 are controlled,
the air lubrication controller 54b operates the assist blow-
er 33.

[0202] Here, inFig. 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] Aship’sspeeddetector46 detects ship’s speed,
a draft pressure detector (draft pressure detection
means) 44 detects draft of the ship’s hull 1, and an incli-
nation detector 47 detects rolling, a heel, pitching and
the like of the ship’s hull 1.

[0205] The heel means a state where the ship’s hull 1
continuously inclines toward on side in the width direc-
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tion.

[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 de-
tects the heel of the ship’s hull 1, since an acceleration
sensaor 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 incli-
nation of the ship’s hull 1 detected by the inclination de-
tector 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 passag-
es 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 de-
tects rolling of the ship’s hull 1 of the ship. The air lubri-
cation 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 lubri-
cation 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 sup-
ply 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 pref-
erable 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 in-
creased, 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 in-
clined by the heel, the air lubrication can efficiently be
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carried out by reducing the supply amount of the pres-
surized air 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 pref-
erable 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 in-
creased, 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 aresult of detection of the pitching detection
means, thereby increasing or reducing a supply amount
of pressurized air taken out ta the air supply port 4 in
accordance with variation in the draft pressure. There-
fore, even ifthe 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 set-
ter 53a, the air lubrication controller 54b first closes the
passage open/close valve 34 andthen, 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 first closed and then, the operation of the assist blower
33 is stopped and lastly, the take-out valve 32 is closed.
[0213] These control operations are for preventing wa-
ter from reversely flowing from the air supply port 4 into
the air supply passage 31. During these stop-control op-
erations, the taken out pressurized air is stored in the air
reservoir 55, the take-out valve 32 is closed after the
passage open/close valve 34 and according to this, the
taken out pressurized air is held in the air reservoir 55.
Therefore, even if the pressurized air is slightly leaked
to the passage open/close valve 34 when the air lubrica-
tion is not carried out, it is possible to prevent water from
reversely flowing into the air supply passage 31.

[0214] When the main engine 10 is continuously oper-
ated, the turbocharger motor 51 and the variable nozzle
23 are appropriately controlled by the turbocharger con-
troller 54a so that the amount of pressurized air supplied
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to the main engine 10 during these stop-control opera-
tions does not become excessively large.

[0215] Accedingtothis embodiment,the systemis pro-
vided with available capacity for handling the influence
of variation in draft pressure, and it is possible to effi-
ciently take out pressurized air which is necessary for air
lubrication from the turbocharger 20 even when the main
engine 10 low-load operates without providing an expen-
sive and high performance (turbo) electric blower.

[INDUSTRIAL APPLICABILITY]

[0216] According to the air supply control system of
the air lubrication type ship of the present invention, it is
possible to efficiently take out pressurized air which is
necessary for air lubrication from the turbocharger even
when the main engine low-load operates without provid-
ing a high performance (turbo) electric blower. Further,
by taking a load of the main engine and draft of the ship
into account, air lubrication can be carried out without
deteriorating the operation efficiency of the main engine
even when draft of the ship and a load of the main engine
are varied. Therefore, the present invention can be ap-
plied not only to large to small ships, but also can be
applied to a floating body and an underwater navigation
body which includes a main engine and a turbocharger
similar to those of the ship and which marine-navigates.

[EXPLANATION OF SYMBOLS]
[0217]

1 ship’s hull

4 air supply port

10 main engine

20 turbocharger

23 variable nozzle

24 inter-cooler

31 air supply passage

32 take-out valve (taking-out means)

33 assist blower

34 passage open/close valve (supply amount control
valve)

39 branched passages

41 scavenging pressure detector

42 turbocharger rotation number detector

43 load detection means

43a rotation number detector

43b torque detector

44 draft pressure detection means (draft pressure
detector)

45a flow rate sensor

45b flow rate sensor

47 inclination detector (rolling detection means, heel
detection means, pitching detection means)

51 motor means (turbocharger motor)

52 taking-out means

53 taking-out amount setting means 53a air lubrica-
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tion setter

54 control means

54a turbocharger controller
54b air lubrication controller
55 air resetrvoir

Claims

An air supply control system of an air lubrication type
ship, comprising a turbocharger (20) which is driven
by exhaust gas from a main engine (10) of the ship
and which supplies pressurized air to the main en-
gine (10),

ataking-out means (32,52) which takes out a portion
of the pressurized air from between the turbocharger
(20) and the main engine (10) through bypassing,
an air supply passage (31) for supplying the taken
out pressurized air to an air supply port (4) provided
below a draft of the ship,

taking-out amount setting means (53) for setting a
taking-out amount of the pressurized air by the tak-
ing-out means (32,52),

characterised by

maotor means (51) for assisting rotation of the turbo-
charger (20), and

control means (54) which takes a load of the main
engine (10) and the draft of the ship into account,
and which controls the motor means (51) in accord-
ance with setting of the taking-out amount by the
taking-out amount setting means (53).

The air supply control system of the air lubrication
type ship according to claim 1,

characterised by

the control means (54) controls the motor means (51)
while taking into account, scavenging pressure of
the turbocharger (20) determined by the load of the
main engine (10) and draft pressure determined by
the draft of the ship.

The air supply control system of the air lubrication
type ship according to claim 2,

characterised by

when the taking-out amount exceeds a predeter-
mined amount which is determined by turbocharger
ability of the turbocharger (20) and the scavenging
pressure or the draft pressure, the control means
(54) operates the motor means (51).

The air supply control system of the air lubrication
type ship according to claim 3,

characterised by

the predetermined amount is determined by higher
one of the scavenging pressure and the draft pres-
sure, and the turbocharger ability.

The air supply control system of the air lubrication
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10.

1.

12.

type ship according to any one of claims 2 to 4,
characterised by

the control means (54) controls the motor means (51)
such that the scavenging pressure of downstream-
side of an inter-cooler (24) provided in a passage
extending between the turbocharger (20) and the
main engine (10) is kept at predetermined pressure.

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 5,
characterised by

the air supply passage (31) is provided with an assist
blower (33) which further pressurizes the taken out
pressurized air.

The air supply control system of the air lubrication
type ship according to claim 6,

characterised by

when the motor means (51) is driven and rotation of
the turbocharger (20) is assisted, if pressure of the
taken out pressurized air is not sufficient, the control
means (54) drives the assist blower (33) to further
pressurize the taken out pressurized air.

The air supply control system of the air lubrication
type ship according to claim 6,

characterised by

the control means (54) drives the assist blower (33)
based on the draft of the ship, and, when the pres-
sure of the pressurized air which is necessary in ac-
cordance with the load of the main engine (10) is not
sufficient, the control means (54) operates the motor
means (51).

The air supply control system of the air lubrication
type ship according to any one of claims 1 1o 8,
characterised by

the turbocharger (20) includes avariable nozzle (23),
the control means (54) controls the variable nozzle
(23) before the control means (54) drives the motor
means (51), thereby further pressurizing the pressu-
rized air.

The air supply control system of the air lubrication
type ship according to any one of claims 2 to 5,
further comprising a scavenging pressure detector
(41) which detects the scavenging pressure.

The air supply control system of the air lubrication
type ship according to any one of claims 2 to 5,
further comprising a turbocharger rotation number
detector (42) for detecting rotation number of the tur-
bocharger (20), wherein the scavenging pressure is
obtained based on the rotation number and turbo-
charger (20) characteristics.

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 11,
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characterised by

the taking-out amount of the pressurized air is set
based on arelation between a saved energy amount
which is achieved by supply of the pressurized air
taken out to the ship’s hull (1) and an energy amount
which is necessary to supply the taken out pressu-
rized air to the ship’s hull (1).

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 12,
further comprising a plurality of the air supply port
(4), a plurality of supply amount control valves for
controlling a supply amount of the pressurized air
taken out to the air supply ports (4), and rolling de-
tection means (47) which detects rolling of the ship’s
hull (1) of the ship, wherein the control means (54)
controls the plurality of supply amount control valves
based on a detection result of the rolling detection
means (47), thereby reducing a supply amount of
the pressurized air which is taken out to one of the
air supply ports (4) having lower draft pressure.

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 12,

further comprising a plurality of the air supply port
(4), 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 (4), and
heel detection means (47) for detecting a heel of the
ship’s hull (1) of the ship, wherein the control means
(54) controls the plurality of supply amount control
valves based on a detection result of the heel detec-
tion means (47), thereby reducing a supply amount
of the pressurized air which is taken out to one of
the air supply ports (4) having lower draft pressure.

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 12,
further comprising a plurality of the air supply port
(4), 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 (4), and
pitching detection means (47) for detecting a pitching
of the ship’s hull (1) of the ship, wherein the control
means (54) controls the plurality of supply amount
control valves based on a detection result of the
pitching detection means (47), thereby increasing or
reducing a supply amount of the pressurized air tak-
en out to the air supply ports (4) in accordance with
variation of the draft pressure.

The air supply control system of the air lubrication
type ship according to any one of claims 1 to 15,
characterised by

the air supply passage (31) is provided with an air
reservoir (55), and supply of the taken out pressu-
rized air to the air supply port (4) is stabilized.
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The air supply control system of the air lubrication
type ship according to claim 16,

characterised by

the control means (54) closes a passage open/close
valve (34) provided downstream-side of the air res-
ervoir (55) when the taking out of the pressurized air
is started, the taking-out means (32,52) takes out
the pressurized air and store the pressurized air in
the air reservoir (55) and then, the passage
open/close valve (34) is opened.

An air lubrication type ship

characterised by

the air supply control system of the air lubrication
type ship according to any one of the claims 1to 17
is provided.

Patentanspriiche

1.

Luftzufuhrsteuerungssystem eines Schiffes vom
Luftschmierungstyp, mit einem Turbolader (20), der
durch Abgas von einer Hauptmaschine (10) des
Schiffes angetrieben wird und der der Hauptmaschi-
ne (10) Druckluft zufiihrt, eine Entnahmeeinrichtung
(32, 52), welche einen Anteil der Druckluft zwischen
dem Turbolader (20) und der Hauptmaschine (10)
durch Umgehung entnimmt, einem Luftzufuhrkanal
(31) zum Zuflhren der enthommenen Druckluft zu
einem unterhalb eines Tiefganges des Schiffes vor-
gesehenen Luftzufuhranschluss (4),

einer Entnahmemengen-Einstelleinrichtung (53)
zum Einstellen einer Entnahmemenge der Druckluft
durch die Entnahmeeinrichtung (32, 52), gekenn-
zeichnet durch

eine Motoreinrichtung (51) zur Unterstiitzung der
Rotation des Turboladers (20), und

eine Steuereinrichtung (54), welche eine Last der
Hauptmaschine (10) und den Tiefgang des Schiffes
in Betracht zieht und welche die Motoreinrichtung
(51) gemaR der Einstellung der Entnahmemenge
durch die Entnahmemengen-Einstelleinrichtung
(53) steuert.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach Anspruch 1,
gekennzeichnet dadurch, dass

die Steuereinrichtung (54) die Motoreinrichtung (51)
steuert, wahrend sie einen durch die Lastder Haupt-
maschine (10) bestimmten Spuldruck des Turbola-
ders (20) sowie einen durch den Tiefgang des Schif-
fes bestimmten Tiefgangdruck bericksichtigt.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach Anspruch 2,
gekennzeichnet dadurch, dass,
wenn die Entnahmemenge eine vorgegebene Men-
ge Uberschreitet, welche durch die Leistungsfahig-
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keit des Turboladers (20) und den Spildruck oder
den Tiefgangdruck bestimmt ist, die Steuereinrich-
tung (54) die Motereinrichtung (51) betatigt.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp gemaR Anspruch 3,
gekennzeichnet dadurch, dass

die vorgegebene Menge durch den jeweils hdheren
des Spuldrucks und des Tiefgangdrucks sowie die
Leistungsfahigkeit des Turboladers bestimmt wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einem der Anspriiche 2 bis 4,
gekennzeichnet dadurch, dass

die Steuereinrichtung (54) die Motoreinrichtung (51)
derart steuert, dass der Spildruck auf der Seite
stromabwarts eines Zwischenkihlers (24), welcher
in einem zwischen dem Turbolader (20) und der
Hauptmaschine (10) verlaufenden Kanal vorgese-
hen ist, auf einem vorgegebenen Druck gehalten
wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einem der Anspriiche 1 bis 5,
gekennzeichnet dadurch, dass

der Luftzufuhrkanal (31) mit einem Hilfsgeblase (33)
versehen ist, welches die entnommene Druckluft
weiter druckbeaufschlagt.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach Anspruch 6,
gekennzeichnet dadurch, dass,

wenn die Motoreinrichtung (51) angetrieben wird
und die Rotation des Turboladers (20) unterstiitzt
wird, falls der Druck der entnommenen Druckluft
nicht ausreichend ist, die Steuereinrichtung (54) das
Hilfsgeblase (33) antreibt,

um die entnommene Druckluft weiter mit Druck zu
beaufschlagen.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach Anspruch 6,
gekennzeichnet dadurch, dass

die Steuereinrichtung (54) das Hilfsgeblase (33) auf
der Basis des Tiefganges des Schiffes antreibt, und,
wenn der Druck der Druckluft, welcher gemaR der
Last der Hauptmaschine (10) erforderlich ist, nicht
ausreicht, die Steuereinrichtung (54) die Motorein-
richtung (51) betatigt.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp geman einem der Anspriiche 1 bis
8,

gekennzeichnet dadurch, dass

der Turbolader (20) eine verstellbare Diise (23) auf-
weist, die Steuereinrichtung (54) die verstellbare DU-
se (23) steuert, bevor die Steuereinrichtung (54) die
Motoreinrichtung (51) antreibt, wodurch die Druck-
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42
luft weiter mit Druck beaufschlagt wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp geman einem der Anspriiche 2 bis
5,

ferner mit einer Spuldruckerfassungseinrichtung
(41), welche den Spildruck erfasst.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einem der Anspriiche 2 bis 5,
ferner mit einer Turboladerdrehzahl-Erfassungsein-
richtung (42) zum Erfassen der Drehzahl des Tur-
boladers (20), wobei der Spildruck auf der Basis der
Drehzahl und Eigenschaften des Turboladers (20)
erhalten wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einemder Anspriiche 1 bis 11,
gekennzeichnet durch

das Einstellen der Enthnahmemenge der Druckluft
auf der Basis einer Beziehung zwischen einer ein-
gesparten Energiemenge, welche durch Zufuhr der
entnommenen Druckluft in den Schiffskérper (1) er-
zieltwird, und einer Energiemenge, welche zum Zu-
fuhren der entnommenen Druckluft in den Schiffs-
korper (1) erforderlich ist.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einemder Anspriiche 1 bis 12,
ferner mit einer Mehrzahl der Luftzufuhranschliisse
(4), einer Mehrzahl von Zufuhrmengensteuerventi-
len zum Steuern einer Zufuhrmenge der entnomme-
nen Druckluft zu den Luftzufuhranschliissen (4), so-
wie einer Rollerfassungseinrichtung (47), welche ein
Rollen des Schiffskdrpers (1) des Schiffes erfasst,
wobei die Steuereinrichtung (54) die Mehrzahl von
Zufuhrmengensteuerventilen aufder Basis eines Er-
fassungsergebnisses der Rollerfassungseinrich-
tung (47) steuert, wodurch eine Zufuhrmenge der
Druckluft, welche enthommen wird, zu einem der
Luftzufuhranschlisse (4) mit geringerem Tiefgang-
druck verringert wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einemder Anspriiche 1 bis 12,
ferner mit einer Mehrzahl der Luftzufuhranschliisse
(4), einer Mehrzahl von Zufuhrmengensteuerventi-
len zum Steuern einer Zufuhrmenge der Druckluft,
welche entnommen wird, zu den Luftzufuhran-
schlissen (4) sowie einer Krangungserfassungsein-
richtung (47) zum Erfassen einer Krangung des
Schiffskérpers (1) des Schiffes, wobei die Steuer-
einrichtung (54) die Mehrzahl von Zufuhrmengen-
steuerventilen auf der Basis eines Erfassungsergeb-
nisses der Krangungserfassungseinrichtung (47)
steuert, wodurch eine Zufuhrmenge der Druckluft,
welche enthommen wird, zu einem der Luftzufuhr-
anschlisse (4) mit geringerem Tiefgangdruck ver-
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ringert wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einem der Anspriiche 1 bis 12,
ferner mit einer Mehrzahl der Luftzufuhranschlisse
(4), einer Mehrzahl von Zufuhrmengensteuerventi-
len zum Steuern einer Zufuhrmenge der Druckluft,
welche enthommenwird, an die Luftzufuhranschliis-
se(4) sowie einer Stampferfassungseinrichtung (47)
zum Erfassen einer Stampfbewegung des Schiffs-
kérpers (1) des Schiffes, wobei die Steuereinrich-
tung (54) die Mehrzahl von Zufuhrmengensteuer-
ventilen auf der Basis eines Erfassungsergebnisses
der Stampferfassungseinrichtung (47) steuert, wo-
durch eine Zufuhrmenge der enthommenen Druck-
luft zu den Luftzufuhranschlissen (4) geman einer
Veranderung des Tiefgangdrucks erhéht oder redu-
Ziert wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach einem der Anspriiche 1 bis 15,
gekennzeichnet dadurch, dass

der Luftzufuhrkanal (31) mit einem Luftbehalter (55)
versehen ist und die Zufuhr der entnommenen
Druckluft zu dem Luftzufuhranschluss (4) stabil ge-
halten wird.

Luftzufuhrsteuerungssystem des Schiffes vom Luft-
schmierungstyp nach Anspruch 16,
gekennzeichnet dadurch, dass

die Steuereinrichtung (54) ein stromabwarts des
Luftbehalters (55) vorgesehenes Kanal-Off-
nungs-/Schlieffventil (34) schliel3t, wenn mitder Ent-
nahme der Druckluft begonnen wird, die Entnahme-
einrichtung (32, 52) die Druckluft entnimmt und die
Druckluft in dem Luftbehalter (55) speichert und da-
raufhin das Kanal-Offnungs-/SchlieRventil (34) ge-
8ffnet wird.

Schiff vom Luftschmierungstyp,

gekennzeichnet dadurch, dass

das Luftzufuhrsteuerungssystem des Schiffes vom
Luftschmierungstyp gemaf einem der Anspriche 1
bis 17 vorgesehen ist.

Revendications

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air, comprenant un
turbocompresseur (20) qui est entrainé par gaz
d’échappement provenant d’un moteur principal (10)
du navire et qui fournit I'air sous pression au moteur
principal (10), un moyen d’extraction (32, 52) qui ex-
trait une partie de I'air sous pression d'entre le tur-
bocompresseur (20) et le moteur principal (10) par
le biais d’une dérivation,

un passage d'alimentation en air (31) pour fournir
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I'air sous pression extrait a un orifice d’alimentation
en air (4) prévu au-dessous d’un tirant d’eau du na-
vire,

un moyen de réglage de quantité d’extraction (53)
pour régler la quantité d’extraction de I'air sous pres-
sion par le moyen d’extraction (32, 52),
caractérisé en ce que :

un moyen moteur (51) pour assister la rotation
du turbocompresseur (20), et

un moyen de commande (54) qui prend une
charge du moteur principal (10) et le tirant d’eau
du navire en compte, et quicommande le moyen
moteur (51) selon le réglage de la quantité d'ex-
traction par le moyen de réglage de quantité
d'extraction (53).

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon la reven-
dication 1,

caractérisé en ce que :

le moyen de commande (54) commande le moyen
moteur (51) tout en prenant en compte, la pression
de balayage du turbocompresseur (20) déterminée
par la charge du moteur principal (10) et |a pression
de tirant d’eau déterminée par le tirant d’eau du na-
vire.

Systéme de commande d'alimentation en air d’'un
navire de type a lubrification par air selon la reven-
dication 2,

caractérisé en ce que :

lorsque la quantité d’extraction dépasse une quan-
tité prédéterminée qui estdéterminée parla capacité
de turbocompresseur du turbocompresseur (20) et
la pression de balayage ou la pression de tirant
d’eau, le moyen de commande (54) actionne le
mayen moteur (51).

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon la reven-
dication 3,

caractérisé en ce que :

la quantité prédéterminée est déterminée parla plus
haute parmi la pression de balayage et la pression
de tirant d’eau, et la capacité de turbocompresseur.

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 2 a 4,

caractérisé en ce que :

le moyen de commande (54) commande le moyen
moteur (51) de sorte que la pression de balayage du
cotéenavald’unrefroidisseurintermédiaire (24) pré-
vu dans un passage s’étendant entre le turbocom-
presseur (20) et le moteur principal (10) est mainte-
nue a la pression prédéterminée.
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Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 a 5,

caractérisé en ce que :

le passage d’alimentation en air (31) est prévu avec
une soufflante d'assistance (33) qui met en outre
sous pression I'air sous pression extrait.

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon la reven-
dication 6,

caractérisé en ce que :

lorsque le moyen moteur (51) est entrainé et que la
rotation du turbocompresseur (20) est assistée, sila
pression de l'air sous pression extrait n'est pas suf-
fisante, le moyen de commande (54) entraine la
soufflante d’assistance (33) a continuer a mettre
sous pression I'air sous pression extrait.

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon la reven-
dication 6,

caractérisé en ce que :

le moyen de commande (54) commande la soufflan-
te d’assistance (33) sur la base du tirant d’eau du
navire et lorsque la pression de I'air sous pression
qui est nécessaire selon la charge du moteur princi-
pal (10) n’est pas suffisante, le moyen de commande
(54) commande le moyen moteur (51).

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 a 8,

caractérisé en ce que :

le turbocompresseur (20) comprend une buse varia-
ble (23), le moyen de commande (54) commande la
buse variable (23) avant que le moyende commande
(54) entraine le moyen moteur (51), continuant ainsi
a mettre sous pression 'air sous pression.

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 2 a 5,

comprenant en outre un détecteur de pression de
balayage (41) qui détecte la pression de balayage.

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 2 a 5,

comprenant en outre un détecteur de nombre de ro-
tations de turbocompresseur (42) pour détecter le
nombre de rotations du turbocompresseur (20),
dans lequel la pression de balayage est obtenue sur
la base du nombre de rotations et des caractéristi-
ques du turbocompresseur (20).

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
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conque des revendications 1 a 11,

caractérisé en ce que :

la quantité d’extraction de l'air sous pression est ré-
glée sur la base d’une relation entre une quantité
d’énergie économisée qui est obtenue par l'alimen-
tation de I'air sous pression extrait de la coque (1)
du navire et une quantité d’énergie qui est nécessai-
re pour fournir 'air sous pression extrait a la coque
(1) du navire.

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 & 12,

comprenant en outre une pluralité d'orifices d’ali-
mentation en air (4), une pluralité de valves de ré-
gulation de quantité d’alimentation pour réguler une
quantité d’alimentation d’air sous pression extrait
aux orifices d’alimentation en air (4), et un moyen de
détection de roulis (47) qui détecte le roulis de la
coque (1) du navire, dans lequel le moyen de com-
mande (54) commande la pluralité de valves de ré-
gulation de quantité d’alimentation sur la base d’'un
résultatde détection du moyen de détection de roulis
(47), réduisant ainsi une quantité d’alimentation d’air
sous pression qui est extrait de I'un des orifices d'ali-
mentation en air (4) ayant une pression de tirant
d’eau inférieure.

Systéme de commande d'alimentation en air d’'un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 a 12,

comprenant en outre une pluralité d'orifices d’ali-
mentation en air (4), une pluralité de valves de ré-
gulation de quantité d’alimentation pour réguler une
quantité d’alimentation d'air sous pression qui est
extrait aux orifices d’alimentation en air (4), et un
maoyen de détection de gite (47) pour détecter un
gite de la coque (1) du navire, dans lequel le moyen
de commande (54) commande la pluralité de valves
de régulation de quantité d’alimentation sur la base
d’un résultat de détection du moyen de détection de
gite (47), réduisant ainsi une quantité d’alimentation
d’air sous pression qui est extrait de 'un des orifices
d’alimentation en air (4) ayant une pression de tirant
d’eau inférieure.

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 4 12,

comprenant en outre une pluralité d'orifices d’ali-
mentation en air (4), une pluralité de valves de ré-
gulation de quantité d’alimentation pour réguler une
quantité d’alimentation d'air sous pression qui est
extrait, aux orifices d’alimentation en air (4) et un
maoyen de détection de tangage (47) pour détecter
un tangage de la coque (1) du navire, dans lequel le
maoyen de commande (54) commande la pluralité de
valves de régulation de quantité d’alimentation sur
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la base d’un résultat de détection du moyen de dé-
tection de tangage (47), augmentant ou réduisant
ainsi une guantité d’alimentation de I'air sous pres-
sion extrait, aux orifices d’alimentation en air (4) se-
lon la variation de la pression de tirant d’eau.

Systéme de commande d’alimentation en air d’un
navire de type a lubrification par air selon 'une quel-
conque des revendications 1 a 15,

caractérisé en ce que :

le passage d’alimentation en air (31) est prévu avec
un réservoir d'air (55), et I'alimentation de I'air sous
pression extrait, a l'orifice d’alimentation en air (4)
est stabilisée.

Systéme de commande d'alimentation en air d’un
navire de type a lubrification par air selon la reven-
dication 16,

caractérisé en ce que :

le moyen de commande (54) ferme une valve
d'ouverture/fermeture de passage (34) prévue du
c6té en aval du réservoir d’air (55) lorsque I'extrac-
tion de l'air sous pression commence, le moyend’ex-
traction (32, 52) extrait I'air sous pression et stocke
I'air sous pression dans le réservoir d’air (55) et en-
suite la valve d’ouverture/fermeture de passage (34)
s’ouvre.

Navire de type a lubrification par air :

caractérisé en ce que :

le systéme de commande d’alimentation en air du
navire de lubrification en air selon 'une quelconque
des revendications 1 a 17 est prévu.
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