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DESCRIPTION

[Technical Field]

[0001] The present invention relates to a uniflow scavenging 2-cycle engine which burns a fuel
gas.

[Background Art]

[0002] In uniflow scavenging 2-cycle engines (two stroke engines) used as engines of ships,
an exhaust port is provided at a side of one end of a cylinder in a stroke direction of a piston,
and scavenge ports are provided at a side of the other end of the cylinder in the stroke
direction of the piston. When an active gas is suctioned into a combustion chamber from the
scavenge ports in an intake stroke, exhaust gas generated due to a combustion operation is
extruded and discharged from the exhaust port due to the suctioned active gas.

[0003] In such uniflow scavenging 2-cycle engines, exhaust valves configured to open and
close the exhaust ports are provided to control valve opening timings and valve closing timings
of the exhaust valves according to load conditions and operation conditions of the engines
disclosed in, for example, Patent Documents JP H03-061 611 A and JP H06-035 830 A.

[0004] Furthermore, a uniflow scavenging 2-cycle engine according to the preamble of claim 1
is disclosed in EP 2 098 708 A1. Further uniflow scavenging 2-cycle engines are known from
US 8 549 854 B2 and DE 10 2006 047515 A1.

[Summary of Invention]

[Technical Problem]

[0005] An active gas suctioned from scavenge ports is also slightly discharged from an
exhaust port together with an exhaust gas in a cylinder when the exhaust gas is to be
prevented from staying in the cylinder so that the exhaust gas is reliably discharged in a
scavenging process in which the exhaust gas is replaced with air (the active gas). A premixed
fuel gas is also likely to be discharged while the active gas is discharged as described above.

[0006] Therefore, it is considered that a period of time at which the fuel gas is injected is
limited to a short period of time just before a closing timing of the exhaust valve to prevent the
fuel gas from being discharged. If the injection period of time of the fuel gas is limited, a large
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amount of fuel gas should be injected in the short period of time and the fuel gas is not
sufficiently mixed with the active gas so that the fuel gas cannot be dispersed over a wide area
in the combustion chamber.

[0007] The present invention was made in view of the above-described problems, and an
object of the present invention is to provide a uniflow scavenging 2-cycle engine capable of
suppressing a fuel gas from being discharged and sufficiently mixing the fuel gas with an active
gas to disperse the fuel gas in a combustion chamber.

[Solution to Problem]

[0008] In order to solve the above problems, a uniflow scavenging 2-cycle engine of the
present invention includes: a cylinder having a combustion chamber formed therein; a piston
configured to slide in the cylinder; an exhaust port provided at a side of one end of the cylinder
in a stroke direction of the piston; a first exhaust valve configured to open and close the
exhaust port; an exhaust passage communicating with the exhaust port and through which an
exhaust gas generated due to a combustion operation in the cylinder is guided from the
exhaust port; and a second exhaust valve provided in the exhaust passage and configured to
vary a degree of opening of the exhaust passage.

[0009] Also, the uniflow scavenging 2-cycle engine of the present invention further includes: a
control unit configured to control the first exhaust valve and the second exhaust valve to
reduce a degree of opening of the second exhaust valve after the first exhaust valve is
opened.

[0010] The uniflow scavenging 2-cycle engine of the present invention further comprises: a
sensor provided in the exhaust passage and configured to measure an oxygen concentration
contained in the exhaust gas, wherein the control unit reduces the degree of opening of the
second exhaust valve when the oxygen concentration measured by the sensor increases to
exceed a threshold value after the first exhaust valve is opened.

[0011] The uniflow scavenging 2-cycle engine of the present invention may further include:
scavenge ports provided at a side of the other end of the cylinder in the stroke direction of the
piston and configured to suction an active gas to the combustion chamber

according to a sliding motion of the piston; a circulation passage communicating the exhaust
passage with the scavenge ports and configured to circulate a part of the exhaust gas
circulating in the exhaust passage from the scavenge ports into the cylinder; and a third
exhaust valve configured to open and close the circulation passage, wherein the second
exhaust valve may be provided at a downstream side in the exhaust passage from a
communicating portion of the exhaust passage and the circulation passage.

[Effects of Invention]
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[0012] According to the uniflow scavenging 2-cycle engine of the present invention, it is
possible to suppress a fuel gas from being discharged and sufficiently mix the fuel gas with the
active gas to disperse the fuel gas in the combustion chamber.

[Brief Description of Drawings]

[0013]

FIG. 1 is a view showing an overall constitution of a uniflow scavenging 2-cycle engine.
FIG. 2A is a view showing g a second fuel injection unit.

FIG. 2B is an enlarged view of a broken line portion of FIG. 2A.

FIG. 3 is a view showing a suction and exhaust system of the uniflow scavenging 2-cycle
engine.

FIG. 4A is a view showing operations of each control unit according to crank angles.
FIG. 4B is a view showing operations of each of the control units according to crank angles.

FIG. bA is a view showing a second fuel injection unit in a modified example of the present
invention.

FIG. 5B is an enlarged view of a broken line portion of FIG. 5A.

[Description of Embodiments]

[0014] Hereinafter, a preferred embodiment of the present invention will be described in detail
with reference to the accompanying drawings. A dimension, a material, other specific
numerical values, etc. represented in such an embodiment are merely exemplified to facilitate
the understanding of the invention and are not intended to limit the present invention unless
particularly stated. Note that constituent elements having substantially the same functions and
constitutions in the specification and the drawings are denoted by the same reference
numerals and overlapping descriptions thereof will be omitted. In addition, constituent elements
having no direct relation with the present invention are not shown.

[0015] FIG. 1 is a view showing an overall constitution of a uniflow scavenging 2-cycle engine
100. The uniflow scavenging 2-cycle engine 100 in the embodiment is used in, for example, a
ship, and so on. To be specific, the uniflow scavenging 2-cycle engine 100 includes a cylinder
110 (a cylinder head 110a and a cylinder block 110b), a piston 112, a pilot injection valve 114, a
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combustion chamber 116, an exhaust port 118, an exhaust valve driving device 120, a sensor
122, a first exhaust valve 124, scavenge ports 126, a scavenge chamber 128, first fuel
injection units 130, a second fuel injection unit 132, a rotary encoder 134, and an exhaust
passage 136 and is controlled by control units such as a governor (a speed regulator) 150, a
fuel injection control unit 152, and an exhaust control unit 154 (a control unit).

[0016] In the uniflow scavenging 2-cycle engine 100, combustion, expansion, exhaust, intake,
and compression are performed during two strokes, i.e., an upward stroke and a downward
stroke of the piston 112, and the piston 112 connected to a cross head (not shown) slidably
reciprocates in the cylinder 110. Since a stroke can be formed to be relatively long in the
cylinder 110 and the cross head which can receive a lateral pressure applied to the piston 112
in such a cross head type piston 112, the uniflow scavenging 2-cycle engine 100 can achieve a
higher output. Also, since the cylinder 110 is separated from a crank chamber (not shown)
stowing the cross head, fouling deterioration of lubricant oil in the crank chamber can be
limited even when low quality fuel oil is used.

[0017] The pilot injection valve 114 is provided at the cylinder head 110a above a top dead
center of the piston 112 which is one end of the cylinder 110 in a stroke direction and injects an
appropriate amount of fuel oil at a desired time in an engine cycle. Such fuel oil spontaneously
ignites due to heat from the combustion chamber 116 surrounded by the cylinder head 110a, a
cylinder liner in the cylinder block 110b, and the piston 112 and burns in a short period of time
to significantly increase a temperature of the combustion chamber 116. For this reason, a fuel
gas can reliably burn at a desired timing.

[0018] The exhaust port 118 is an opening provided at a top section of the cylinder head 110a
above the top dead center of the piston 112, that is, a side of one end of the cylinder 110 in the
stroke direction of the piston 112, and is opened and closed to discharge a burned exhaust gas
generated in the cylinder 110. The exhaust port 118 communicates with the exhaust passage
136. FIG. 1 shows a part of the exhaust passage 136. The exhaust passage 136 will be
described in detail below.

[0019] The exhaust valve driving device 120 vertically slides the first exhaust valve 124 at a
predetermined timing according to control of the exhaust control unit 154, which will be
described below, and opens and closes the exhaust port 118.

[0020] The sensor 122 is constituted as an O, sensor. The sensor 122 is disposed in the

exhaust passage 136 and detects an oxygen concentration in a gas in the exhaust passage
136 to output the oxygen concentration to the exhaust control unit 154.

[0021] The scavenge ports 126 are holes penetrating from an inner circumferential surface of
a side of the other end of the cylinder 110 in the stroke direction of the piston 112 (an inner
circumferential surface of the cylinder block 110b) to an outer circumferential surface thereof,
and the plurality of scavenge ports are provided to be separated from each other over the
entire circumference of the cylinder 110.
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[0022] Also, an active gas is suctioned into the cylinder 110 from the scavenge ports 126
according to a sliding motion of the piston 112. Such an active gas contains an oxidizing agent
such as oxygen and ozone or a mixed gas thereof (for example, air). The active gas (for
example, air) pressurized by a compressor C of a supercharger 138, which will be described
below, is sealed in the scavenge chamber 128, and the active gas is suctioned from the
scavenge ports 126 due to a differential pressure between the scavenge chamber 128 and the
inside of the cylinder 110. A pressure of the scavenge chamber 128 can be substantially
constant, but pressure gauges are provided at the scavenge ports 126 when the pressure of
the scavenge chamber 128 varies and may control other parameters such as an injection
quantity of the fuel gas according to measured values thereof.

[0023] The first fuel injection units 130 are a plurality of openings provided to be separated in a
circumferential direction on the inner circumferential surface of the cylinder 110 (between the
exhaust port 118 and the scavenge ports 126). First fuel injection valves 130a are disposed in
the first fuel injection units 130 and receive an instruction from the fuel injection control unit 152
to inject a fuel gas obtained by gasifying, for example, a liquefied natural gas (LNG). Thus, the
fuel gas is supplied into the cylinder 110. Also, the fuel gas is not limited to LNG, and a gas
obtained by gasifying, for example, a liquefied petroleum gas (LPG), a gas oil, a heavy oil, and
SO on can also be applied.

[0024] FIGS. 2A and 2B are views showing the second fuel injection unit 132, and FIG. 2A
shows an enlarged view of a vicinity of the second fuel injection unit 132 in a side view of the
cylinder 110. Also, FIG. 2B shows an enlarged view of a broken line portion of FIG. 2A.

[0025] As shown in FIG. 2A, the second fuel injection unit 132 includes storage tubes 132a
and 132b formed separately from the cylinder 110. The storage tubes 132a and 132b are
annular members surrounding an outside in a radial direction of the cylinder 110 in the
circumferential direction. The storage tube 132a is disposed closer to the side of the one end
in the stroke direction of the piston 112 than the scavenge ports 126 (an upper side of FIG.
2A), and the storage tube 132b is disposed closer to the side of the other end in the stroke
direction of the piston 112 than the scavenge port 126 (a lower side of FIG. 2A).

[0026] Storage chambers which annularly extend are formed in the storage tubes 132a and
132b, and the fuel gas is temporarily stored in the storage chambers.

[0027] Circulation tubes 132c are disposed between the storage tube 132a and the storage
tube 132b, and both ends thereof are fixed to the storage tube 132a and the storage tube
132b. Also, tubes communicating with the storage tube 132a and tubes communicating with
the storage tube 132b are alternately arranged as the circulation tubes 132c¢ in the
circumferential direction of the cylinder 110. In other words, one of adjacent circulation tubes
132¢c communicates with the storage tube 132a and the other communicates with the storage
tube 132b. In addition, the fuel gas flowing in from the storage tube 132a or the storage tube
132b circulates in the circulation tubes 132c.
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[0028] As shown in FIG. 2B, injection tubes 132d are formed in each of the circulation tubes
132¢. The injection tubes 132d are holes communicating the inner circumferential surface of
the circulation tube 132c with the outer circumferential surface thereof. Thus, the injection
tubes 132d are located between adjacent scavenge ports 126 at the outside of the cylinder 110
in the radial direction. Also, the injection tubes 132d are opened in the circumferential direction
of the cylinder 110 from the circulation tube 132c.

[0029] Also, the fuel gas is discharged from the injection tubes 132d of the second fuel
injection unit 132 toward the active gas flowing toward the scavenge ports 126 from the
scavenge chamber 128 when second fuel injection valves (not shown) are opened and the fuel
gas is injected from the injection tubes 132d. In this case, a vortex occurs in the active gas in
the vicinity of the scavenge ports 126, and it is possible to promote mixing of the active gas
and the fuel gas due to the vortex.

[0030] Referring again to FIG. 1, the rotary encoder 134 is provided at a crank mechanism
(not shown) and detects an angle signal of a crank (hereinafter referred to as a crank angle
signal).

[0031] The governor 150 derives a fuel injection quantity based on an engine output
instruction value input from a higher-order control device and the number of engine rotations
according to the crank angle signal from the rotary encoder 134 and outputs the injection
quantity to the fuel injection control unit 152.

[0032] The fuel injection control unit 152 controls the first fuel injection valves 130a and the
second fuel injection valves based on information indicating the fuel injection quantity input
from the governor 150 and the crank angle signal from the rotary encoder 134.

[0033] The exhaust control unit 154 outputs an exhaust valve operation signal to the exhaust
valve driving device 120 based on a signal relevant to the fuel injection quantity from the fuel
injection control unit 152 and the crank angle signal from the rotary encoder 134. Also, the
exhaust control unit 154 outputs the exhaust valve operation signal to an exhaust valve driving
device (not shown) driving a second exhaust valve 144 and a third exhaust valve 146, which
will be described below, (see FIG. 3) based on an output value of the sensor 122.

[0034] FIG. 3 is a view showing a suction and exhaust system of the uniflow scavenging 2-
cycle engine 100. Flows of the exhaust gas and the active gas are shown in FIG. 3 using thick
lines.

[0035] The exhaust passage 136 is a flow path including the above-described exhaust port
118 and communicates with the inside of a turbine T of the supercharger 138 from the exhaust
port 118. A circulation passage 140 is a flow path branching off from the exhaust passage 136
and communicates with the scavenge ports 126 of the cylinder 110 via the above-described
scavenge chamber 128. Also, the inside of the compressor C of the supercharger 138 serves



DK/EP 3098415 T3

as a part of the circulation passage 140.

[0036] The sensor 122 is disposed closer to an upstream side (a side of the exhaust port 118)
in the exhaust passage 136 than the communicating portion 136a of the exhaust passage 136
and the circulation passage 140.

[0037] A suction passage 142 communicates with the circulation passage 140 at an upstream
side of the circulation passage 140 from the compressor C of the supercharger 138 and
suctions external air (the active gas) to guide the external air into the circulation passage 140.
A check valve (not shown) configured to prevent a counterflow to the suction passage 142
from the circulation passage 140 is disposed in a communicating portion 140a of the circulation
passage 140 and the suction passage 142.

[0038] The second exhaust valve 144 is constituted as, for example, a butterfly valve and is
provided at a downstream side of the exhaust passage 136 from the communicating portion
136a of the exhaust passage 136 and the circulation passage 140. The degree of opening of
the second exhaust valve 144 is adjusted by the exhaust valve driving device (not shown) and
varies (opens and closes) a degree of opening of the exhaust passage 136.

[0039] The third exhaust valve 146 is provided at an upstream side of the circulation passage
140 from the communicating portion 140a of the circulation passage 140 and the suction
passage 142. The degree of opening of the third exhaust valve 146 is adjusted by the exhaust
valve driving device (not shown) and opens and closes the circulation passage 140.

[0040] When the first exhaust valve 124 is opened while the second exhaust valve 144 is
opened and the third exhaust valve 146 is closed, an exhaust gas generated due to a
combustion operation in the cylinder 110 is discharged from cylinder 110 through the exhaust
port 118, rotates the turbine T of the supercharger 138, and is purified by a purifier.

[0041] In this case, the compressor C rotates using rotation power of the turbine T, and the
active gas is suctioned into the compressor C from the suction passage 142. The active gas is
compressed by the compressor C and transmitted to the scavenge chamber 128. And then,
the active gas is suctioned into the cylinder 110 from the scavenge ports 126.

[0042] When the third exhaust valve 146 is opened while the first exhaust valve 124 is opened
and the exhaust gas flows through the exhaust passage 136, all or a part of the exhaust gas
flows into the circulation passage 140. The exhaust gas flowing into the circulation passage
140 is mixed with the active gas, compressed by the compressor C, and transmitted to the
scavenge chamber 128 of the cylinder 110. And then, the gas circulates into the cylinder 110
from the scavenge ports 126. As described above, the circulation passage 140 and the third
exhaust valve 146 constitute an exhaust gas recirculation (EGR) system.

[0043] Operations of each control unit in the above-described engine cycle of the uniflow
scavenging 2-cycle engine 100 will be described below.
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[0044] FIGS. 4A and 4B are views showing operations of each control unit according to crank
angles. As shown in FIG. 4A, the exhaust port 118 and the scavenge ports 126 are in a closed
state, and the combustion chamber 116 (the inside of the cylinder 110) is filled with the exhaust
gas after a combustion stroke.

[0045] The exhaust control unit 154 opens the first exhaust valve 124 by means of the exhaust
valve driving device 120 when the piston 112 descends to approach a bottom dead center due
to an expansion pressure generated due to the combustion operation of the combustion
chamber 116 (11 shown in FIG. 4A). Thus, the exhaust gas is discharged from the exhaust port
118 to the exhaust passage 136, and an oxygen concentration in the exhaust passage 136
indicated by the output value of the sensor 122 is decreased.

[0046] Also, the scavenge ports 126 are opened according to the sliding motion of the piston
112 (between t1 and t2 of FIG. 4A). Thus, the active gas is suctioned from the scavenge ports
126. The fuel injection control unit 152 injects the fuel gas from the second fuel injection unit
132 based on information indicating the fuel injection quantity input from the governor 150, the
number of engine rotations derived using the crank angle signal from the rotary encoder 134
and so on, while the scavenge ports 126 are opened.

[0047] In this case, a part of the active gas suctioned into the cylinder 110 flows out into the
exhaust passage 136 from the exhaust port 118. For this reason, the oxygen concentration in
the exhaust passage 136 is increased. When the oxygen concentration indicated by the output
value of the sensor 122 becomes less than a first threshold value a (a threshold value) and
then exceeds the first threshold value a again (2 shown in FIG. 4A), the exhaust control unit
154 reduces the degree of opening of the second exhaust valve 144. After that, the exhaust
control unit 154 keeps the degree of opening of the second exhaust valve 144 constant.

[0048] As a result, a flow velocity of the exhaust gas flowing out from the exhaust port 118 is
decreased. For this reason, the fuel gas injected from the second fuel injection unit 132 can be
suppressed from being discharged from the exhaust port 118.

[0049] Subsequently, injection of the fuel gas from the second fuel injection unit 132 stops, and
the scavenge ports 126 are closed. And then, the fuel injection control unit 152 injects the fuel
gas into the cylinder 110 from the first fuel injection units 130 based on information indicating a
fuel injection amount and the number of engine rotations derived using the crank angle signal
and so on, as in the second fuel injection unit 132.

[0050] The active gas and the fuel gas flowing into the cylinder 110 from the first fuel injection
units 130 and the second fuel injection unit 132 increase while forming a swirl for promoting
mixing of the active gas and the fuel gas and push out the exhaust gas in the combustion
chamber 116 (inside the cylinder 110) from the exhaust port 118.

[0051] And then, the exhaust control unit 154 opens the first exhaust valve 124 and opens the
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exhaust port 118 (t3 shown in FIG. 4A). The exhaust control unit 154 opens the first exhaust
valve 124 and returns the degree of opening of the second exhaust valve 144 to a fully opened
state.

[0052] The fuel gas burns and the piston 112 descends accordingly due to the expansion
pressure in the combustion chamber 116.

[0053] As the fuel gas burns in the combustion chamber 116 in this way, combustion,
expansion, exhaust, intake, and compression strokes are iterated as described above.

[0054] The exhaust control unit 154 controls each of the exhaust valve driving devices of the
first exhaust valve 124 and the second exhaust valve 144 and opens and closes the first
exhaust valve 124 and the second exhaust valve 144 as will be described below. In other
words, the degree of opening of the second exhaust valve 144 is increased (t3 shown in FIG.
4A) before the first exhaust valve 124 is opened (here, immediately after the first exhaust valve
124 is closed in one previous cycle), and the degree of opening of the second exhaust valve
144 is decreased (12 shown in FIG. 4A) after the first exhaust valve 124 is opened in the next
cycle (11 shown in FIG. 4A).

[0055] For this reason, the degree of opening of the second exhaust valve 144 is increased so
that the exhaust gas can be efficiently discharged immediately after the first exhaust valve 124
is opened, and the degree of opening of the second exhaust valve 144 is decreased and the
flow velocity of the exhaust gas is reduced so that the fuel gas can be suppressed from being
discharged from the exhaust port 118.

[0056] As a result, injection periods of time of the fuel gas can be sufficiently secured in the
first fuel injection units 130 and the second fuel injection unit 132. For this reason, the fuel gas
can be dispersed in the cylinder 110 without locally concentrating the fuel gas in the cylinder
110 (the combustion chamber 116) due to a reason in which the fuel gas is intensively injected
in a short period of time, etc.

[0057] In FIG. 4A, a case in which the exhaust control unit 154 keeps the degree of opening of
the second exhaust valve 144 constant during a period from after the degree of opening of the
second exhaust valve 144 is decreased and the first exhaust valve 124 is closed until the
degree of opening of the second exhaust valve 144 is increased again has been described.
However, the degree of opening of the second exhaust valve 144 may be gradually increased,
and the degree of opening of the second exhaust valve 144 may be gradually decreased
during the period.

[0058] As shown in FIG. 4A, the exhaust control unit 154 controls such that adjustment rates of
the degree of opening of the second exhaust valve 144 are approximately the same when the
degree of opening of the second exhaust valve 144 is increased and decreased. However, an
opening and closing rate of the second exhaust valve 144 when the degree of opening thereof
is increased may be slower than that of the second exhaust valve 144 when the degree of



DK/EP 3098415 T3

opening thereof is decreased, and the opening and closing rates thereof may be reversed.

[0059] In FIG. 4A, a case in which the fuel gas can be prevented from flowing out into the
exhaust port 118 by reducing the degree of opening of the second exhaust valve 144 has been
described. In FIG. 4B, a process of a case in which the fuel gas flows out into the exhaust port
118 will be described. In FIG. 4B, an overlapping description will be omitted because the same
process as in FIG. 4A is performed until a time t2.

[0060] As shown in FIG. 4B, the exhaust control unit 154 reduces the degree of opening of the
second exhaust valve 144 when the oxygen concentration exceeds the first threshold value a
(t2 shown in FIG. 4B). Thus, the flow velocity of the exhaust gas flowing out into the exhaust
passage 136 from the cylinder 110 is reduced, but the fuel gas can still flow out into the
exhaust passage 136.

[0061] The oxygen concentration in the exhaust passage 136 is increased due to the active
gas flowing in, but the oxygen concentration is decreased again when the fuel gas flows out
into the exhaust passage 136. The oxygen concentration is decreased due to a decrease of a
proportion of oxygen occupied in the total gas in the exhaust passage 136 corresponding to a
volume of the fuel gas flowing out into the exhaust passage 136.

[0062] Therefore, the exhaust control unit 154 determines that the fuel gas flows out into the
exhaust passage 136 when the oxygen concentration indicated by the output value of the
sensor 122 exceeds a second threshold value b and then becomes less than the second
threshold value b a single time (14 shown in FIG. 4B). Here, the second threshold value b is
larger than the first threshold value a. And then, the exhaust control unit 154 fully closes the
second exhaust valve 144 and opens the third exhaust valve 146.

[0063] Thus, the fuel gas flowing out into the exhaust passage 136 flows into the circulation
passage 140 together with the active gas and the exhaust gas and circulates into the cylinder
110 from the scavenge chamber 128. For this reason, flowing out of the fuel gas to outside air
can be prevented, and fuel consumption can be improved by burning the fuel gas without
being wasted.

[0064] In the above-described embodiment, a case in which the fuel gas before being mixed
with the active gas is injected from the second fuel injection unit 132 has been described.
However, the fuel gas and the active gas may be premixed in the fuel injection units. Such a
fuel injection unit 232 will be described below.

[0065] FIGS. 5A and 5B are views showing the second fuel injection unit 232 in a modified
example of the present invention, and FIG. 5A shows an enlarged view of the vicinity of the
second fuel injection unit 232 in a side view of the cylinder 110. Also, FIG. 5B shows an
enlarged view of a broken line portion of FIG. 5A.

[0066] As shown in FIG. 5A, the second fuel injection unit 232 includes mixing tubes 232a and
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232b formed separately from the cylinder 110. The mixing tubes 232a and 232b are annular
members surrounding an outside in a radial direction of the cylinder 110 in a circumferential
direction. The mixing tube 232a is disposed closer to the side of one end in the stroke direction
of the piston 112 than the scavenge ports 126 (the upper side of FIG. 2A), and the mixing tube
232b is disposed closer to the side of the other end in the stroke direction of the piston 112
than the scavenge ports 126 (the lower side of FIG. 2A).

[0067] Mixing chambers which annularly extend are formed in the mixing tubes 232a and
232b, and the fuel gas and the active gas are mixed and a premixed gas is generated in the
mixing chambers.

[0068] One of adjacent circulation tubes 132¢c communicates with the mixing tube 232a and
the other communicates with the mixing tube 232b. Also, the premixed gas flowing in from the
mixing tube 232a or the mixing tube 232b circulates in the circulation tubes 132c.

[0069] Also, the premixed gas is discharged from the injection tubes 132d of the second fuel
injection unit 232 toward the active gas flowing toward the scavenge ports 126 from the
scavenge chamber 128 when second fuel injection valves (not shown) are opened and the
premixed gas is injected from the injection tubes 132d shown in FIG. 5B.

[0070] In the above-described embodiment, a case in which the exhaust control unit 154
controls the degrees of opening of the second exhaust valve 144 and the third exhaust valve
146 based on the oxygen concentration in the exhaust passage 136 indicated by the output
value of the sensor 122 has been described. However, the exhaust control unit 154 may
control the degrees of opening of the second exhaust valve 144 and the third exhaust valve
146 based on one or more parameters among parameters such as the output value of the
sensor 122, a scavenging pressure, an exhaust pressure, the crank angle signal from the
rotary encoder 134, the number of engine rotations, a fuel injection start timing, a fuel injection
period of time, and the fuel injection quantity. Also, the degrees of opening of the second
exhaust valve 144 and the third exhaust valve 146 may be controlled based on a map obtained
by associating one or more parameters among those parameters with the degrees of opening
of the second exhaust valve 144 and the third exhaust valve 146.

[0071] In addition, in the above-described embodiment, a case in which the third exhaust valve
146 and the circulation passage 140 are provided has been described, but the third exhaust
valve 146 and the circulation passage 140 are not necessary components.

[0072] In the above-described embodiment, a case in which the second threshold value b is
larger than the first threshold value a has been described. However, the second threshold
value b may be smaller than the first threshold value a, and the first threshold value a may be
equal to the second threshold value b.

[0073] In the above-described embodiment, a case in which the uniflow scavenging 2-cycle
engine 100 includes both of the first fuel injection units 130 and the second fuel injection unit
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132 has been described. However, the uniflow scavenging 2-cycle engine 100 may include
only one of the first fuel injection units 130 and the second fuel injection unit 132.

[0074] The preferred embodiment of the present invention has been described above with
reference to the accompanying drawings, but the present invention is not limited to the above
embodiment. A person skilled in the art may find various alterations and modifications within
the scope of the appended claims, and it should be understood that they will naturally come

under the technical scope of the present invention.

[Industrial Applicability]

[0075] The present invention can be used for a uniflow scavenging 2-cycle engine which burns

a fuel gas.

[Reference Signs List]

[0076]

100 Uniflow scavenging 2-cycle engine
110 Cylinder

112 Piston

116 Combustion chamber
118 Exhaust port

122 Sensor

124 First exhaust valve

126 Scavenge port

136 Exhaust passage

136a Communicating portion
140 Circulation passage

144 Second exhaust valve
146 Third exhaust valve

152 Fuel injection control unit (control unit)
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154 Exhaust control unit (control unit)

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o JPHOI081811A [B003]

o JPHOGOISE30A G003

o EPZOGBT08AL [Q004]

o LISR54085482 [0004]

o RETOZO00047510A1 [8804]




10

15

20

25

30

DK/EP 3098415 T3

Patentkrav

1. Totaktsmotor med lzengdeskylning (100), omfattende:

en cylinder (100), som har et forbreendingskammer (116) dannet deri;

et stempel (112), som er konfigureret til at glide i cylinderen (110);

en udstadningsport (118), som er tilvejebragt ved en side af en ende af cylin-
deren (110) i en slagretning af stemplet (112);

en forste udstedningsventil (124), der er konfigureret til at abne og lukke ud-
st@dningsporten (118);

en udstedningspassage (136), der er i forbindelse med udst@dningsporten
(118), og gennem hvilken en udst@dningsgas genereret pa grund af en for-
braendingsproces i cylinderen (110) ledes fra udstgdningsporten (118); og

en anden udstgdningsventil (144), der er tilvejebragt i udstgdningspassagen
(136) og udformet til at variere en abningsgrad af udstedningspassagen (136);
0g

en styreenhed (154), der er udformet til at styre den fgrste udstgdningsventil
(124) og den anden udstedningsventil (144) til at reducere en abningsgrad af
den anden udstgdningsventil (144), efter at den ferste udstedningsventil (124)
er abnet,

kendetegnet ved, at

totaktsmotoren med leengdeskylning (100) endvidere omfatter en sensor
(122), der er tilvejebragt i udstgdningspassagen (136) og udformet til at male
en oxygenkoncentration indeholdt i udstgdningsgassen, og

styreenheden (154) reducerer abningsgraden af den anden udstadningsventil
(144), nar oxygenkoncentrationen, der males af sensoren, stiger, sa den over-
stiger en teerskelveerdi, efter at den ferste udst@dningsventil (124) er abnet.

2. Totaktsmotor med laengdeskylning (100) ifelge krav 1, yderligere omfat-
tende:

skylleporte (126), som er tilvejebragt ved en side af den anden ende af cylin-
deren (110) i slagretningen af stemplet (112) og udformet til at indsuge en aktiv
gas i forbreendingskammeret (116) i overensstemmelse med en glidebevae-
gelse af stemplet (112);
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en cirkulationspassage (140), der seetter udstgdningspassagen (136) i forbin-
delse med skylleportene (126) og er udformet til at cirkulere en del af den ud-
stgdningsgas, der cirkulerer i udstadningspassagen (136), fra skylleportene
(126) ind i cylinderen (110); og

en tredje udstgdningsventil (146), der udformet til at abne og lukke cirkulati-
onspassagen (140),

hvor den anden udstadningsventil (144) er tilvejebragt ved en nedstremsside
af udstgdningspassagen (136) fra en forbindelsesdel (136a) af udstgdnings-
passagen (136) og cirkulationspassagen (140).
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FIG. 2A
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FIG. 3
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FIG. 4A
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