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DESCRIPTION

{Technical Field}

[0001] The present invention relates to a turbo compound system, which recovers exhaust heat energy of exhaust gas
(combustion gas) discharged from an engine body that constitutes a marine diesel engine, a ground generator diesel engine,
etc., as motive power, and to a method for operating the same.

{Background Art}

[0002] Conventionally, there is a known operation method in which a diesel engine is provided with a plurality of superchargers,
and the number of superchargers operated is changed according to the load (for example, see JP Sho 60-166716A).

[0003] JP S61-113196U discloses a turbo compound system including a pair of exhaust turbo chargers, an auxliary turbine
arranged to be driven by combustion gas from a combustor and extracted at an upstream side of the exhaust turbo chargers, a
steam turbine arranged to be driven by steam generated by an exhaust gas economizer, a generator connected to rotation shafts
of the auxliary turbine and of the steam turbine, and a control unit for the turbo compound system. When an engine load is equal
or less than a predetermined value, the output of the generator is adjusted by controlling an amount of the exhaust gas.

[0004] On the other hand, attempts have been made to further improve the energy-saving efficiency by configuring a turbo
compound system equipped with a power turbine and a steam turbine, which are driven by exhaust gas from a diesel engine, in
addition to a plurality of superchargers, so that the exhaust gas energy is recovered as the power generation output.

{Summary of Invention}

{Technical Problem}

[0005] However, an operation system and an operation method that satisfy both energy-saving efficiency and improvements in
the engine output and engine efficiency, when equipped with a plurality of superchargers, a power turbine, and a steam turbine,
have not been studied.

[0006] The present invention has been made in view of these circumstances, and an object thereof is to provide a turbo
compound system that has high energy-saving efficiency and improved engine output and engine efficiency.

{Solution to Problem}

[0007] To solve the above-described problem, a turbo compound system and a method for operating the same of the present
invention employ the features recited in claim 1 and claim 2, respectively.

[0008] Specifically, a turbo compound system according to a first aspect of the present invention, as defined by appended claim
1, inter alia includes a plurality of exhaust turbochargers driven by exhaust gas introduced from an engine body; a power turbine
driven by exhaust gas extracted from an upstream side of the exhaust turbochargers; a steam turbine that is connected to a
rotation shaft of the power turbine and is driven by steam generated by an exhaust gas boiler, which utilizes exhaust gas of the
engine body; a generator connected to rotation shafts of the power turbine and the steam turbine; and a control unit that controls
an operation of the exhaust turbochargers, the power turbine, and the steam turbine. The control unit reduces an output of the
power turbine by stopping at least one of the exhaust turbochargers when an engine load on the engine body is less than or
equal to a predetermined value and by reducing an amount of exhaust gas exiracted from the engine body when an inboard
power demand is smaller than a maximum power generation output achievable with the turbo compound system.

[0009] When the engine load on the engine body is in a low-load region, i.e., less than or equal to a predetermined value, at
least one of the exhaust turbochargers is stopped. Because at least one of the exhaust turbochargers is stopped, the flow rate of
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the exhaust gas flowing into another exhaust turbocharger increases by a corresponding amount, and the scavenging pressure
(the pressure of the supercharged air (outside air)) supplied from another exhaust turbocharger to the engine body increases.
With this configuration, even when the engine body is in a low-load region, the minimum scavenging pressure that enables the
power turbine to be activated and the exhaust heat to be recovered can be obtained. Thus, the exhaust heat energy from the
engine body can be efficiently recovered as motive power (power-generation load), achieving a further energy saving.

[0010] Furthermore, when the inboard power demand is smaller than the maximum power generation output achievable with the
turbo compound system, the output of the power turbine is reduced by reducing the amount of exhaust gas extracted from the
engine body. By reducing the amount of exhaust gas exiracted, the amount of exhaust gas flowing into the exhaust turbocharger
is increased, and hence, the scavenging pressure can be increased. With this configuration, even when the engine body has a
low load, the efficiency of the engine body can be improved by increasing the scavenging pressure.

[0011] Even if the output of the power turbine is reduced as above, the required power generation output can be ensured
because power generation can be performed by the steam turbine, which recovers heat by using the exhaust gas boiler.

[0012] Furthermore, in the turbo compound system according to the first aspect of the present invention, when a power demand
decreases, the control unit reduces the output of the power turbine so as to compensate for the difference between the output of
the steam turbine and the power demand.

[0013] When the power demand decreases, the output of the power turbine is reduced so as to compensate for the difference
between the output of the steam turbine and the power demand. With this configuration, because an increase in scavenging
pressure due to a reduction in the output of the power turbine preferentially occurs, an improvement in the efficiency of the
engine body can be achieved.

[0014] Even when the power demand decreases, because the output of the power turbine is reduced in preference to that of the
steam turbine by reducing the output of the power turbine so as to compensate for the difference between the output of the steam
turbine and the power demand, an excessive reduction in the output of the steam turbine can be suppressed as much as
possible. With this configuration, it is possible to avoid a situation where steam generated in the exhaust gas boiler becomes
redundant because of an excessive reduction in the output of the steam turbine and is released outside (for example, into the
condenser). Thus, it is possible to efficiently recover the exhaust heat from the engine body without waste.

[0015] A method for operating a turbo compound system according to a second aspect of the present invention as defined by
appended claim 2, comprises inter alia operating a turbo compound system equipped with a plurality of exhaust turbochargers
driven by exhaust gas introduced from an engine body; a power turbine driven by exhaust gas extracted from an upstream side of
the exhaust turbochargers; a steam turbine that is connected to a rotation shaft of the power turbine and is driven by steam
generated by an exhaust gas boiler, which utilizes exhaust gas of the engine body; a generator connected to rotation shafts of the
power turbine and the steam turbine; and a control unit that controls an operation of the exhaust turbochargers, the power
turbine, and the steam turbine. The control unit reduces an output of the power turbine by stopping at least one of the exhaust
turbochargers when an engine load on the engine body is less than or equal to a predetermined value and by reducing an
amount of exhaust gas extracted from the engine body when an inboard power demand is smaller than a maximum power
generation output achievable with the turbo compound system.

[0016] When the engine load on the engine body is in a low-load region, i.e., less than or equal to a predetermined value, at
least one of the exhaust turbochargers is stopped. Because at least one of the exhaust turbochargers is stopped, the flow rate of
the exhaust gas flowing into another exhaust turbocharger increases by a corresponding amount, and the scavenging pressure
(the pressure of the supercharged air (outside air)) supplied from another exhaust turbocharger to the engine body increases.
With this configuration, even when the engine body is in a low-load region, the minimum scavenging pressure that enables the
power turbine to be activated and the exhaust heat to be recovered can be obtained. Thus, the exhaust heat energy from the
engine body can be efficiently recovered as motive power (power-generation load), and a further energy saving can be achieved.

[0017] Furthermore, when the inboard power demand is smaller than the maximum power generation output achievable with the
turbo compound system, the output of the power turbine is reduced by reducing the amount of exhaust gas extracted from the
engine body. By reducing the amount of exhaust gas extracted, the amount of exhaust gas flowing into the exhaust turbocharger
is increased, and hence, the scavenging pressure can be increased. With this configuration, even when the engine body has a
low load, the efficiency of the engine body can be improved by increasing the scavenging pressure.

[0018] Even if the output of the power turbine is reduced as above, the required power generation output can be ensured
because power generation can be performed by the steam turbine, which recovers heat by using the exhaust gas boiler.
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{Advantageous Effects of Invention}

[0019] The turbo compound system and the method for operating the same of the present invention provide the following
advantages.

[0020] When the engine load on the engine body is in a low-load region, i.e., less than or equal to a predetermined value, at
least one of the exhaust turbochargers is stopped, and the output of the power turbine is reduced by reducing the amount of
exhaust gas extracted from the engine body. Thus, the scavenging pressure is increased and the activation region of the power
turbine can be increased, achieving not only an improvement in energy-saving efficiency but also an improvement in the
efficiency of the engine body.

{Brief Description of Drawings}

[0021]

{FIG. 1} FIG. 1 is a schematic diagram of the configuration of an embodiment of a turbo compound system of the present
invention.

{FIG. 2} FIG. 2 is a schematic diagram of the configuration of a control apparatus for a power generation system having the turbo-
generator shown in FIG. 1.

{FIG. 3} FIG. 3 is a graph showing load sharing relative to the inboard energy demand.

{FIG. 4} FIG. 4 is a graph for describing an advantage achieved by an embodiment of the turbo compound system of the present
invention.

{Description of Embodiments}

[0022] An embodiment of a turbo compound system and a method for operating the same of the present invention will be
described below with reference to the drawings.

[0023] The invention is solely defined by appended independent claims 1 and 2.

[0024] As shown in FIG. 1, a marine diesel engine 1 according to this embodiment includes a diesel engine body (for example, a
low-speed two-cycle diesel engine) 2, a first exhaust turbocharger (main exhaust turbocharger) 3, a second exhaust turbocharger
(sub exhaust turbocharger) 4, a power turbine 5, a steam turbine 10, and a turbo-generator 25 connected to the power turbine 5
and the steam turbine 10.

[0025] A screw propeller (not shown) is directly or indirectly attached to a crankshaft (not shown) that constitutes the diesel
engine body (hereinbelow, the "engine body") 2 via a propeller shaft (not shown). The engine body 2 is provided with cylinder
portions 6 each composed of a cylinder liner (not shown), a cylinder cover (not shown), etc., and a piston (not shown) joined to a
crankshaft is disposed inside each cylinder portion 6. Furthermore, an exhaust port (not shown) of each cylinder portion 6 is
connected to an exhaust manifold 7. The exhaust manifold 7 is connected to an inlet side of a turbine unit 3a of the first exhaust
turbocharger (hereinbelow, the "first supercharger") 3 via a first exhaust pipe L1, is connected to an inlet side of a turbine unit 4a
of the second exhaust turbocharger (hereinbelow, the "second supercharger”) 4 via a second exhaust pipe L2, and is connected
to an inlet side of the power turbine 5 via a third exhaust pipe L3. On the other hand, an air-supply port (not shown) of each
cylinder portion 6 is connected to an air-supply manifold 8, and the air-supply manifold 8 is connected to a compressor unit 3b of
the first supercharger 3 via a first air-supply pipe L4, and is connected to a compressor unit 4b of the second supercharger 4 via
a second air-supply pipe L5.

[0026] The first supercharger 3 is composed mainly of the turbine unit 3a driven by exhaust gas (combustion gas) guided from
the engine body 2 via the first exhaust pipe L1, the compressor unit 3b that is driven by the turbine unit 3a and pumps outside air
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to the engine body 2, and a casing (not shown) provided between the turbine unit 3a and the compressor unit 3b to support them.

[0027] Arotation shaft 3c is inserted through the casing such that one end is projected toward the turbine unit 3a side and the
other end is projected toward the compressor unit 3b. One end of the rotation shaft 3¢ is attached to a turbine disk (not shown) of
a turbine rotor (not shown) that constitutes the turbine unit 3a, and the other end of the rotation shaft 3c is attached to a hub (not
shown) of a compressor impeller (not shown) that constitutes the compressor unit 3b.

[0028] Afirst valve V1, which is opened or closed by a controller (not shown), is connected to an intermediate location in the first
exhaust pipe L1. A third valve V3, which is opened or closed by a controller (not shown), is connected to an outlet side of a
compressor 3b.

[0029] The second supercharger 4 is composed mainly of a turbine unit 4a driven by exhaust gas guided from the engine body 2
via the second exhaust pipe L2, a compressor unit 4b that is driven by the turbine unit 4a and pumps outside air to the engine
body 2, and a casing (not shown) provided between the turbine unit 4a and the compressor unit 4b to support them.

[0030] A rotation shaft 4c is inserted through the casing such that one end is projected toward the turbine unit 4a side and the
other end is projected toward the compressor unit 4b. One end of the rotation shaft 4c¢ is attached to a turbine disk (not shown) of
a turbine rotor (not shown) that constitutes the turbine unit 4a, and the other end of the rotation shaft 4c is attached to a hub (not
shown) of a compressor impeller (not shown) that constitutes the compressor unit 4b.

[0031] A muffler (not shown) is provided at an intermediate location in each of the first air-supply pipe L4 and the second air-
supply pipe L5, which are connected to the inlet sides of the compressor units 3b and 4b, and the outside air having passed
through the muffler is guided to the corresponding compressor unit 3b or 4b. An air cooler (intercooler) 9, a surge tank (not
shown), etc., are connected to an intermediate location in each of the first air-supply pipe L4 and the second air-supply pipe L5
connected to the outlet sides of the compressor units 3b and 4b, and the outside air having passed through the compressor unit
3b or 4b is supplied to the air-supply manifold 8 of the engine body 2, after passing through the air cooler 9, the surge tank, etc.

[0032] The power turbine 5 is rotationally driven by the exhaust gas extracted from the exhaust manifold 7 via the third exhaust
pipe L3, and the steam turbine 10 is rotationally driven by the steam generated by the exhaust-gas economizer 11 and supplied
thereto.

[0033] The exhaust gas from the turbine unit 3a of the first supercharger 3 and the turbine unit 4a of the second supercharger 4
is introduced into the exhaust-gas economizer 11 via a sixth exhaust pipe L6. Furthermore, the exhaust gas discharged from the
outlet side of the power turbine 5 via a seventh exhaust pipe L7 is introduced into the exhaust-gas economizer 11. In a heat
exchange unit 21 of the exhaust-gas economizer 11, water supplied from a water supply pipe 23 is heated and evaporated by the
heat of the introduced exhaust gas, and steam is generated. The steam generated in the heat exchange unit 21 is introduced into
the steam turbine 10 via a first steam pipe J1, and the steam, after having been used in the steam turbine 10, is discharged
through a second steam pipe J2 and is guided to a condenser (condenser) (not shown).

[0034] The power turbine 5 and the steam turbine 10 are joined in series and drive the turbo-generator 25. Arotation shaft 29 of
the steam turbine 10 is connected to the turbo-generator 25 via a reduction gear and a coupling, which are not shown, and a
rotation shaft 27 of the power turbine 5 is connected to the rotation shaft 29 of the steam turbine 10 via a reduction gear (not
shown) and a clutch 31. A clutch that engages and disengages at a predetermined rotational speed is used as a clutch 31, and,
for example, an SSS (Synchro-Self-Shifting) clutch is suitable.

[0035] The third exhaust pipe L3 is provided with an exhaust-gas-amount adjusting valve 33 that controls the amount of gas
introduced into the power turbine 5, and an emergency-stop emergency shut-off valve 35 that shuts off the supply of exhaust gas
to the power turbine 5 in an emergency. In order to prevent excessive supercharging (supercharging beyond the optimum
operation pressure of the engine) to the turbine units 3a and 4a of the superchargers 3 and 4, which may occur when the
emergency-stop emergency shut-off valve 35 is closed, a bypass valve 34 is provided between them and the seventh exhaust
pipe L7.

[0036] Furthermore, the first steam pipe J1 is provided with a steam-amount adjusting valve 37 that controls the amount of steam
introduced into the steam turbine 10, and an emergency-stop emergency shut-off valve 39 that shuts off the supply of steam to
the steam turbine 10 in an emergency.

[0037] The degrees of opening of the above-described exhaust-gas-amount adjusting valve 33 and the steam-amount adjusting
valve 37 are controlled by a turbo-generator control apparatus 43, which will be described using FIG. 2.
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[0038] As has been described above, the turbo-generator 25 is driven by utilizing the exhaust energy of the exhaust gas
(combustion gas) from the engine body 2 as motive power.

[0039] FIG. 2 schematically shows the configuration of the control apparatus for the power generation system having the turbo-
generator 25 shown in FIG. 1.

[0040] The turbo-generator control apparatus 43 shown in FIG. 2 constitutes a part of an inboard control apparatus that controls
the first supercharger 3 and the second supercharger 4.

[0041] The power generation system includes a plurality of (two, in this embodiment) diesel engine generators 60 installed
inboard separately from and in addition to the turbo-generator 25.

[0042] A signal from a power sensor 45 that detects the output power of the turbo-generator 25 and a signal from a rotation
sensor 49 that detects the rotational speed of the rotation shaft 29 of the steam turbine 10, serving as the rotational speed of the
turbo-generator 25, are input to the turbo-generator control apparatus 43. Output signals from the diesel engine generators 60
and a signal from an inboard-energy-consumption sensor 51 that detects the inboard energy consumption are input to the turbo-
generator control apparatus 43.

[0043] The turbo-generator control apparatus 43 includes a load-sharing control unit 53, a power-turbine governor unit 55, a
steam-turbine governor unit 57, and a governor unit (not shown) for the diesel engine generators 60.

[0044] As shown in FIG. 3, the load-sharing control unit 53 determines the load to be shared by the power turbine 5, the steam
turbine 10, and the diesel engine generators 60, according to the inboard energy demand.

[0045] The horizontal axs in FIG. 3 represents the percentage with respect to the rated inboard power demand of 100%. In the
vertical-axis direction, from below, the power turbine (PT) 5, the steam turbine (ST) 10, the first diesel engine generator (DG1) 60,
and the second diesel engine generator (DG2) 60 are listed, and the vertical direction of each box represents the output. The
output control to be described below is an example, and a configuration in which the power turbine 5, the steam turbine 10, and
the diesel engine generators 60 have substantially the same output capacity is assumed in this embodiment. However, in a
system in which the preset outputs are different, the control reference for the inboard power demand is appropriately changed to
optimize the load sharing.

[0046] When the inboard power demand is from 0 to 25%, while keeping the output of the power turbine 5 to a minimum, the
output of the steam turbine 10 is gradually increased according to an increase in the inboard power demand, or the output of the
steam turbine 10 is gradually reduced according to a decrease in the inboard power demand. By preferentially using the steam
turbine 10 in this way, generation and dumping (releasing into the air) of excess steam are eliminated.

[0047] When the inboard power demand is from 25 to 50%, the outputs of the steam turbine 10 and the power turbine 5 are
gradually increased according to an increase in the inboard power demand, or the outputs of the steam turbine 10 and the power
turbine 5 are gradually reduced according to a decrease in the inboard power demand. In this case, the output of the power
turbine 5 is increased or reduced so as to compensate for the difference between the inboard power demand and the output of
the steam turbine 10, and generation and dumping of (releasing into the condenser) of excess steam are eliminated. The first
diesel engine generator 60 starts up at a minimum output so as to compensate for the inboard power demand.

[0048] When the inboard power demand is from 50 to 75%, the steam turbine 10 and the power turbine 5 constantly output their
rated powers. The output of the first diesel engine generator 60 is gradually increased according to an increase in the inboard
power demand, or the output of the first diesel engine generator 60 is gradually reduced according to a decrease in the inboard
power demand.

[0049] When the inboard power demand is from 75 to 100%, the steam turbine 10, the power turbine 5, and the first diesel
engine generator 60 constantly output their rated powers. The output of the second diesel engine generator 60 is gradually
increased according to an increase in the inboard power demand, or the output of the second diesel engine generator 60 is
gradually reduced according to a decrease in the inboard power demand.

[0050] Output signals according to the load factors, determined as shown in FIG. 3, are output from the load-sharing control unit
53 to the corresponding power-turbine governor unit 55, steam-turbine governor unit 57, and governor unit for the diesel engine
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generators 60, as shown in FIG. 2.

[0051] In the power-turbine governor unit 55, according to the output of the power turbine 5 instructed by the load-sharing
control unit 53, and based on a preset control function for rotational-speed droop control (proportional control), a control signal is
calculated on the basis of a deviation from the actual rotational speed detected by the rotation sensor 49, such that fluctuating
rotational speed of the turbo-generator 25 is stabilized at a target rotational speed. Then, the control signal is output to the
exhaust-gas-amount adjusting valve 33, and the degree of opening of the exhaust-gas-amount adjusting valve 33 is controlled,
thus controlling the flow rate of exhaust gas to be supplied to the power turbine 5. This rotational-speed droop-control function is
a function for calculating the level of control by multiplying the deviation between the target rotational speed and the actually
controlled current rotational speed by the proportional gain.

[0052] Also in the steam-turbine governor unit 57, similarly to the power-turbine governor unit 55, according to the output load
ratio of the steam turbine 10 instructed by the load-sharing control unit 53, and based on a preset control function for rotational
speed droop control (proportional control), a control signal is calculated on the basis of a deviation from the actual rotational
speed detected by the rotation sensor 49, such that the fluctuating rotational speed of the turbo-generator 25 is stabilized at a
target rotational speed. Then, the control signal is output to the steam-amount adjusting valve 37, and the degree of opening of
the steam-amount adjusting valve 37 is controlled, thus controlling the amount of steam to be supplied to the steam turbine 10.

[0053] Next, using FIG. 4, an operation method of the turbo compound system having the above-described configuration will be
described.

[0054] The horizontal axis in FIG. 4 represents the engine load on the engine body 2, and the vertical axis represents the
scavenging pressure.

[0055] As shown in this figure, when the engine load on the engine body 2 is in a low-load region, i.e., less than or equal to a
predetermined value A, the first supercharger 3 is stopped so that only the second supercharger 4 is operated. When the engine
load on the engine body 2 is higher than the predetermined value A, the first supercharger 3 and the second supercharger 4 are
operated in parallel. Specifically, when the engine load is less than or equal to a predetermined value, the first valve V1 and the
third valve V3 are closed by the controllers so that the first supercharger 3 is not activated (operated), and when the engine load
is higher than the predetermined value A, the first valve V1 and the third valve V3 are opened by the controllers so that the first
supercharger 3 operates normally. The first valve V1 and the third valve V3 are automatically opened or closed by the controllers
according to the engine load.

[0056] In FIG. 4, a change in scavenging pressure of a normal turbo compound system, in which the number of operating
superchargers is not changed according to the engine load, is indicated by a dashed line LO. As shown in this figure, the
scavenging pressure linearly increases as the engine load increases.

[0057] In contrast, a change in scavenging pressure of a turbo compound system that employs a sequential supercharging
method, in which the number of operating superchargers is changed according to the engine load, as in this embodiment, is
indicated by a solid line L1. As shown in this figure, because the first supercharger 3 is stopped in the low-load region, the flow
rate of the exhaust gas flowing into the second supercharger 4 increases by a corresponding amount, and the scavenging
pressure supplied from the second supercharger 4 to the engine body 2 increases. Thus, the minimum engine load that satisfies
the minimum scavenging pressure Pmin that enables the power turbine 5 to be activated and the exhaust heat to be recovered
shifts to a lower load side from a point B on the dashed line LO, which indicates the normal turbo compound system, to a point C
on the solid line L1, which indicates the turbo compound system employing a sequential supercharging method according to this
embodiment, increasing the size of the region in which the power turbine 5 can be operated. The minimum scavenging pressure
that enables the power turbine 5 to be activated and the exhaust heat to be recovered can be obtained from the pressure at
which the power turbine 5 is stably operated; for example, it can be obtained based on the rotational speed at which the clutch 31
(see FIG. 1) engages and disengages.

[0058] In this embodiment, the output of the power turbine 5 is reduced according to a decrease in the inboard power demand
(see FIG. 3). As a result, the amount of exhaust gas extracted from the exhaust manifold 7 decreases, and hence, the amount of
exhaust gas flowing into the second supercharger 4 increases. Thus, as indicated by a one-dot chain line L2 in FIG. 4, the
scavenging pressure increases further. Because the scavenging pressure increases further in this way, the minimum engine load
at which the power turbine 5 can be activated shifts to an even lower load side, from the point C to a point C', further increasing
the region in which the power turbine 5 can be operated. Because the scavenging pressure is increased even when the engine
body 2 is operated in a low-load region, the output and efficiency of the engine body 2 can be improved.
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[0059] With the above-described turbo compound system and the method for operating the same according to this embodiment,
the following advantages can be obtained.

[0060] Because the first supercharger 3 is stopped when the engine load on the engine body 2 is in a low-load region, i.e., less
than or equal to the predetermined value A, the flow rate of the exhaust gas flowing into the second supercharger 4 increases by
a corresponding amount, and the scavenging pressure supplied from the second supercharger 4 to the engine body 2 increases.
With this configuration, even when the engine body 2 is in a low-load region, the minimum scavenging pressure Pmin that enables
the power turbine 5 to be activated and the exhaust heat to be recovered can be obtained. Thus, the exhaust heat energy from
the engine body 2 can be efficiently recovered as motive power (power-generation load), achieving a further energy saving.

[0061] Furthermore, because the output of the power turbine 5 is reduced by reducing the amount of exhaust gas extracted from
the engine body 2, by reducing the amount of exhaust gas extracted, the amount of exhaust gas flowing into the second
supercharger 4 is increased, and hence, the scavenging pressure can be increased. With this configuration, even when the
engine body 2 has a low load, the output and efficiency of the engine body 2 can be improved by increasing the scavenging
pressure.

[0062] Because power generation can be performed by the steam turbine 10, which recovers heat by using the exhaust-gas
economizer 11, even if the output of the power turbine 5 is reduced, the required power generation output can be ensured.

[0063] When the power demand decreases, the output of the power turbine 5 is reduced so as to compensate for the difference
between the output of the steam turbine 10 and the power demand. With this configuration, because an increase in scavenging
pressure due to a reduction in the output of the power turbine 5 preferentially occurs, it is possible to achieve improvements in
the output and efficiency of the engine body 2.

[0064] Even when the power demand decreases, because the output of the power turbine 5 is reduced in preference to that of
the steam turbine 10 by reducing the output of the power turbine 5 so as to compensate for the difference between the output of
the steam turbine 10 and the power demand, an excessive reduction in the output of the steam turbine 10 can be suppressed as
much as possible. With this configuration, it is possible to avoid a situation where steam generated in the exhaust-gas economizer
11 becomes redundant because of an excessive reduction in the output of the steam turbine 10 and is released outside (for
example, into the condenser). Thus, it is possible to efficiently recover the exhaust heat from the engine body 2 without waste.

[0065] Although a configuration in which two exhaust turbochargers are used has been described in this embodiment, the
present invention is not limited thereto; three or more exhaust turbochargers may be used. Furthermore, when three or more
exhaust turbochargers are used, the number of exhaust turbochargers stopped when the engine body 2 has a low load is not
limited to one, but may be two or more.

[0066] Although a marine turbo compound system has been described in this embodiment, it may also be used as a land-based
turbo compound system.

{Reference Signs List}

[0067]

1:
marine diesel engine

2:

engine body
3

first supercharger (exhaust turbocharger)
4:

second supercharger (exhaust turbocharger)
5:

power turbine
10:

steam turbine
11:
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exhaust-gas economizer (exhaust gas boiler)
25:
turbo-generator
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Patentkrav

Turbo-kompound-system omfattende:

et antal udbleesningsturboladere (3, 4) indrettet til at blive drevet ved hjaelp
af udblaesningsgas, som indfores fra et maskinlegeme (2),

en kraftturbine (5), som er indrettet til at blive drevet ved hjeelp af udblaes-
ningsgas, som udtreekkes fra en opstrems side af udbleesningsturboladerne
(3, 4),

en dampturbine (10), som er forbundet med en rotationsaksel (27) i en kraft-
turbine (5) og er indrettet til at blive drevet ved hjaelp af damp, som frembrin-
ges ved hjeelp af en udblaesningsgaskedel (11), som er indrettet til at udnytte
maskinlegemets (2) udblaesningsgas,

en generator (25, 60), som er forbundet med kraftturbinens (5) og damptur-
binens (10) rotationsaksler (27, 29), og

en styreenhed (43), som er indrettet til at styre en anvendelse af udblaes-
ningsturboladerne (3, 4), kraftturbinen (5) og dampturbinen (10),

hvorved styreenheden (43) er indrettet til at reducere et output fra kraftturbi-
nen (5) ved at standse i det mindste en af udblaesningsturboladerne (3, 4),
nar en maskinbelastning pa maskinlegemet (2) er mindre end eller lig med
en forudbestemt veerdi, og ved at reducere en maengde af udblaesningsgas,
som udtreekkes fra maskinlegemet (2) til kraftturbinen (5), nar en kraftefter-
spargsel er mindre end et maksimalt kraftgenereringsoutput, som kan opnas
med turbo-kompound-systemet, og

hvorved styreenheden (43) er indrettet til at reducere kraftturbinens (5) out-
put, saledes at der kompenseres for differensen imellem et output fra damp-

turbinen (10) og kraftefterspargslen, nar kraftefterspargslen aftager.

2. Fremgangsmade til anvendelse af et turbo-kompound-system udstyret

med:

et antal udbleesningsturboladere (3, 4), som drives ved hjeelp af udblees-

ningsgas, der indfares fra et maskinlegeme (2),
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en kraftturbine (5), som drives ved hjeelp af udblaesningsgas, som ud-
treekkes fra en opstrams side af udblaesningsturboladerne (3, 4),

en dampturbine (10), som er forbundet med kraftturbinens rotationsaksel
(27) og drives ved hjeelp af damp, der frembringes ved hjalp af en ud-
blaesningsgaskedel (11), som anvender maskinlegemets (2) udblaes-
ningsgas,

en generator (25, 60), som er forbundet med kraftturbinens (5) og damp-
turbinens (10) rotationsaksler (27, 29), og

en styreenhed (43), som styrer en anvendelse af udbleesningsturbola-
derne (3, 4), kraftturbinen (5) og dampturbinen (10),

hvorved styreenheden (43) reducerer et output fra kraftturbinen (5) ved
at standse i det mindste en af udblaesningsturboladerne (3, 4), nar en
maskinbelastning pa maskinlegemet (2) er mindre end eller lig med en
forudbestemt vaerdi, og ved at reducere en maengde af udblaesningsgas,
som udtreekkes fra maskinlegemet (2) til kraftturbinen (5), nar en kraftef-
terspargsel er mindre end et maksimalt kraftgenereringsoutput, som er
opnéeligt med turbo-kompound-systemet, og

hvorved styreenheden (43) reducerer kraftturbinens (5) output, séledes
at der kompenseres for differensen imellem et output fra dampturbinen
(10) og kraftefterspgrgslen, nar kraftefterspargslen aftager.
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