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(54) INTERNAL COMBUSTION ENGINE

(57) The present invention is configured to compris-
es: fuel injection valves (43A-43D) that inject a fuel (F)
in a combustion chamber (75) of an internal combustion
engine (10); and cooling medium supply devices
(63A-63D) that supply, into the combustion chamber
(75), a liquid (68) having ignitibility that is inferior to the
fuel (F), wherein before the fuel injection valves
(43A-43D) perform main injection (JM1) of the fuel (F),
the cooling medium supply devices (63A-63D) supply the
liquid (68) to a predetermined region (FL) around a plu-
rality of fuel injection ports (49) of the fuel injection valves,
thereby lowering the temperature of the predetermined
region (FL).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an internal
combustion engine.

BACKGROUND ART

[0002] Various technologies have been designed to in-
ject fuel into a combustion chamber of an internal com-
bustion engine. For example, in a fuel injection valve with
ducts described in Patent Document 1, the fuel injection
valve is mounted in a cylinder head of the internal com-
bustion engine. The fuel injection valve is inserted into
the cylinder head from above to directly inject high-pres-
sure fuel, which is supplied from a common rail, into the
combustion chamber. Each of the ducts is formed of a
hollow tube and mounted immediately behind a fuel in-
jection opening of the fuel injection valve. The injected
fuel passes through the duct without being exposed to
the high-temperature gas in a cylinder, so that time to
ignition is extended to promote mixing of the fuel and air
so as to reduce smoke.

Citation List

Patent Document

[0003] Patent Document 1: United States Patent Ap-
plication Publication 2017/0114998

SUMMARY OF THE INVENTION

Technical Problem

[0004] However, in the fuel injection valve with ducts
described in Patent Document 1, the ducts each formed
of a hollow tube should be aligned with the fuel injection
openings of the fuel injection valve. This configuration
complicates a duct structure and assembly work of the
internal combustion engine, thereby increasing a manu-
facturing cost.
[0005] The present invention is devised in view of these
points and to provide an internal combustion engine that
has a simple configuration capable of extending time to
ignition of fuel injected from a fuel injection valve so as
to reduce smoke without decreasing combustion robust-
ness and fuel economy.

Solution to Problems

[0006] In order to solve the problem described above,
the first invention of the present invention is an internal
combustion engine that comprises a fuel injection valve
configured to inject fuel in a combustion chamber of the
internal combustion engine; and a cooling medium sup-
ply device configured to supply liquid that is less flam-

mable than the fuel to the combustion chamber, wherein
the cooling medium supply device is configured to supply
the liquid to a predetermined region around a plurality of
fuel injection openings of the fuel injection valve to de-
crease a temperature of the predetermined region before
a main injection of the fuel by the fuel injection valve.
[0007] Next, the second invention of the present inven-
tion is the internal combustion engine according to the
first invention, wherein the predetermined region is lo-
cated between the fuel injection openings and an ignition
region where the fuel of a main injection injected from
the fuel injection valve is ignited.
[0008] Next, the third invention of the present invention
is the internal combustion engine according to the first
invention or the second invention, wherein the cooling
medium supply device includes an auxiliary injection
valve that is configured to inject the liquid to the prede-
termined region in the combustion chamber, the internal
combustion engine includes an injection control device
that is configured to control a fuel injection of the fuel
injection valve and a liquid injection of the auxiliary injec-
tion valve, and the injection control device includes a fuel
injection control part configured to control the fuel injec-
tion valve so that the fuel injection valve executes the
main injection after executing a plurality of preliminary
injections; and a cooling medium injection control part
configured to control the auxiliary injection valve so that
the auxiliary injection valve injects the liquid to the pre-
determined region after the plurality of preliminary injec-
tions and before the main injection.
[0009] Next, the fourth invention of the present inven-
tion is the internal combustion engine according to the
first invention or the second invention, wherein the inter-
nal combustion engine includes a cylinder head that has
a through hole in which the fuel injection valve is disposed
facing the combustion chamber, the cooling medium sup-
ply device includes: a cylindrical member into which the
fuel injection valve is fitted from above, wherein the cy-
lindrical member is cylindrically formed and made of a
porous material including an unglazed ceramic material,
and fitted into the through hole so that a bottom end of
the cylindrical member faces the combustion chamber;
and a supply member disposed on the cylinder head and
configured to supply the liquid to a top end of the cylin-
drical member, and the liquid seeps out from the bottom
end of the cylindrical member and is supplied to the pre-
determined region around the plurality of fuel injection
openings to decrease the temperature of the predeter-
mined region.
[0010] Next, the fifth invention of the present invention
is the internal combustion engine according to any one
of the first to fourth inventions, wherein the internal com-
bustion engine includes: a liquid tank disposed outside
the internal combustion engine and in which the liquid is
retained; and a liquid supply device configured to supply
the liquid from the liquid tank to the cooling medium sup-
ply device.
[0011] Next, the sixth invention of the present invention

1 2 



EP 4 039 956 A1

3

5

10

15

20

25

30

35

40

45

50

55

is the internal combustion engine according to any one
of the first to fifth inventions, wherein the liquid is non-
combustible liquid comprising water.

Advantageous Effects of the Invention

[0012] According to the first invention, the cooling me-
dium supply device supplies the liquid, which is less flam-
mable than the fuel, to the predetermined region around
the plurality of fuel injection openings of the fuel injection
valve to decrease the temperature of the predetermined
region by evaporative latent heat of the liquid before the
main injection of the fuel by the fuel injection valve. This
allows time to ignition of the fuel in the predetermined
region to be extended to promote mixing of the injected
fuel and air so as to reduce smoke since the temperature
of the predetermined region around the plurality of fuel
injection openings of the fuel injection valve has been
decreased when the fuel injection valve executes the
main injection of the fuel.
[0013] In addition, the predetermined region whose
temperature is decreased by evaporative latent heat of
the liquid is a region around the plurality of fuel injection
openings of the fuel injection valve, so that even if the
predetermined region is excessively cooled, high tem-
perature gas exists near the wall surface of the combus-
tion chamber, which prevents an accidental fire and re-
duces a decrease in the combustion robustness and the
fuel economy. In addition, the consumption of the liquid
may be reduced since the liquid only needs to be supplied
to the predetermined region around the plurality of fuel
injection openings of the fuel injection valve.
[0014] According to the second invention, the prede-
termined region around the plurality of fuel injection open-
ings of the fuel injection valve is located between the fuel
injection openings and the ignition region where the fuel
of the main injection injected from the fuel injection valve
is ignited. This allows the injected fuel and air to be ef-
fectively mixed so as to further reduce smoke in the pre-
determined region when the fuel injection valve executes
the main injection of the fuel.
[0015] According to the third invention, the auxiliary
injection valve configured to inject the liquid to the pre-
determined region around the plurality of fuel injection
openings is provided in the combustion chamber, and
the injection control device controls the auxiliary injection
valve so that the auxiliary injection valve injects the liquid
to the predetermined region after the plurality of prelim-
inary injections by the fuel injection valve and before the
main injection by the fuel injection valve. This ensures
that the temperature of the predetermined region around
the plurality of fuel injection openings of the fuel injection
valve has been decreased when the fuel injection valve
executes the main injection of the fuel. As a result, time
to ignition of the fuel in the predetermined region is ex-
tended to promote mixing of the injected fuel and air when
the fuel injection valve executes the main injection of the
fuel, so that smoke is reduced by this simple configuration

with the auxiliary injection valve.
[0016] According to the fourth invention, the cylindrical
member cylindrically formed, made of a porous material
including an unglazed ceramic material, and into which
the fuel injection valve is fitted is disposed on the cylinder
head, and the supply member supplies the liquid to the
top end of the cylindrical member. The liquid that seeps
out from the bottom end of the cylindrical member is sup-
plied to the predetermined region around the plurality of
fuel injection openings of the fuel injection valve, and the
temperature of the predetermined region is decreased
by the heat of vaporization of the liquid. This ensures that
the temperature of the predetermined region around the
plurality of fuel injection openings of the fuel injection
valve has been decreased when the fuel injection valve
executes the main injection of the fuel. As a result, time
to ignition of the fuel in the predetermined region is ex-
tended to promote mixing of the injected fuel and air when
the fuel injection valve executes the main injection of the
fuel, so that smoke is reduced by this simple configuration
of the cylindrical member into which the fuel injection
valve is inserted.
[0017] According to the fifth invention, the liquid is re-
tained in the liquid tank located outside the internal com-
bustion engine, and supplied to the cooling medium sup-
ply device by the liquid supply device. This allows an
increase in the temperature of the liquid caused by in-
creasing temperature of the internal combustion engine
to be reduced, thereby enhancing the cooling effect of
the heat of vaporization of the liquid in the predetermined
region around the plurality of fuel injection openings of
the fuel injection valve.
[0018] According to the sixth invention, since the liquid
is non-combustible liquid including water, the liquid di-
rectly receives (recovers) heat from the gas in the com-
bustion chamber to cool the predetermined region, and
then directly receives (recovers) heat from flame of the
combustion chamber to increase volume expansion by
vaporization, and therefore helps the improvement of fuel
economy.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

FIG. 1 is a schematic view explaining a configuration
of an internal combustion engine according to a
present embodiment.
FIG. 2 is a sectional view illustrating an exemplary
operation of a fuel injection valve and an auxiliary
injection valve.
FIG. 3 is a first flowchart showing a water injection
control process performed by a control device.
FIG. 4 is a second flowchart showing the water in-
jection control process performed by the control de-
vice.
FIG. 5 is a view showing exemplary variations of a
pressure in a cylinder, a fuel injection amount, and
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a water injection amount relative to a crank angle.
FIG. 6 is a view showing an exemplary water injection
amount setting map for deciding the water injection
amount relative to the fuel injection amount.
FIG. 7 is a plane view illustrating an exemplary main
injection of fuel executed by the fuel injection valve.
FIG. 8 is a side view illustrating the exemplary main
injection of fuel executed by the fuel injection valve.
FIG. 9 is a sectional view illustrating an exemplary
operation of the fuel injection valve and a cylindrical
member according to another embodiment 1.

DESCRIPTION OF EMBODIMENTS

[0020] An embodiment of an internal combustion en-
gine according to the present invention is explained in
detail with reference to the accompanying drawings.
Firstly, a schematic configuration of an internal combus-
tion engine 10 according to the present embodiment will
be described with reference to FIG. 1. In the explanation
of this embodiment, a diesel engine system mounted on
a vehicle will be described as an example of the internal
combustion engine 10.
[0021] The internal combustion engine 10 according
to the present embodiment will be described in order from
the intake side to the exhaust side. As illustrated in FIG.
1, an intake flow rate detecting device 21 (e.g., an intake
flow rate sensor) is disposed at an inlet of an intake pipe
11A. The intake flow rate detecting device 21 outputs a
detection signal, which corresponds to the flow rate of
air drawn into the internal combustion engine 10, to a
control device 50 (i.e., an injection control device, a fuel
injection control part, and a cooling medium injection con-
trol part) of the internal combustion engine 10. The intake
flow rate detecting device 21 includes an intake air tem-
perature detecting device 28A (e.g., an intake air tem-
perature sensor). The intake air temperature detecting
device 28A outputs a detection signal, which corre-
sponds to the temperature of the intake air passing
through the intake flow rate detecting device 21, to the
control device 50.
[0022] An outlet of the intake pipe 11A is connected to
an inlet of a compressor 35, and an outlet of the com-
pressor 35 is connected to an inlet of an intake pipe 11B.
A turbocharger 30 includes the compressor 35 that in-
cludes a compressor impeller 35A and a turbine 36 that
includes a turbine impeller 36A. The compressor impeller
35A is rotationally driven by the turbine impeller 36A that
is rotationally driven by the exhaust gas, and supercharg-
es the exhaust gas by pumping the intake air from the
intake pipe 11A to the intake pipe 11B.
[0023] The intake pipe 11A disposed upstream of the
compressor 35 is provided with a compressor upstream
pressure detecting device 24A. The compressor up-
stream pressure detecting device 24A is, for example, a
pressure sensor, and outputs a detection signal, which
corresponds to the pressure of the intake air in the intake
pipe 11A disposed upstream of the compressor 35, to

the control device 50. The intake pipe 11B disposed
downstream of the compressor 35 is provided with a com-
pressor downstream pressure detecting device 24B (dis-
posed in the intake pipe 11B and between the compres-
sor 35 and an intercooler 16). The compressor down-
stream pressure detecting device 24B is, for example, a
pressure sensor, and outputs a detection signal, which
corresponds to the pressure in the intake pipe 11B dis-
posed downstream of the compressor 35, to the control
device 50.
[0024] The intake pipe 11B is provided with the inter-
cooler 16 on the upstream side thereof, and a throttle
device 47 disposed downstream of the intercooler 16.
The intercooler 16 is disposed downstream of the com-
pressor downstream pressure detecting device 24B to
lower the temperature of the intake air supercharged by
the compressor 35. An intake air temperature detecting
device 28B (e.g., an intake air temperature sensor) is
disposed between the intercooler 16 and the throttle de-
vice 47. The intake air temperature detecting device 28B
outputs a detection signal, which corresponds to the in-
take air temperature lowered by the intercooler 16, to the
control device 50.
[0025] The throttle device 47 adjusts the intake flow
rate by driving a throttle valve 47A that adjusts the open-
ing degree of the intake pipe 11B based on a control
signal from the control device 50. The control device 50
is capable of adjusting the position of the throttle valve
47A disposed on the intake pipe 11B by outputting a con-
trol signal to the throttle device 47 based on the detection
signal from a throttle position detecting device 47S (e.g.,
a throttle position sensor) and a target throttle position.
The control device 50 determines the target throttle po-
sition based on the pressing amount of the accelerator
pedal detected by a detection signal from an accelerator
pedal pressing amount detecting device 25 and the op-
eration condition of the internal combustion engine 10.
[0026] The accelerator pedal pressing amount detect-
ing device 25 is, for example, an accelerator pedal press-
ing angle sensor, and is provided on the accelerator ped-
al. The control device 50 is capable of detecting the
pressing amount of the accelerator pedal pressed by the
driver by the detection signal from the accelerator pedal
pressing amount detecting device 25.
[0027] An outlet of an EGR pipe 13 is connected to a
pressure detecting device 24C that is disposed down-
stream of the throttle device 47 in the intake pipe 11B.
The outlet of the intake pipe 11B is connected to an inlet
of an intake manifold 11C, and an outlet of the intake
manifold 11C is connected to an inlet of the internal com-
bustion engine 10. The pressure detecting device 24C
is, for example, a pressure sensor, and outputs a detec-
tion signal, which corresponds to the pressure of the in-
take air just before flowing into the intake manifold 11C,
to the control device 50. EGR gas flows into an inlet of
the EGR pipe 13 (a connecting portion between an ex-
haust pipe 12B and the EGR pipe 13), and is discharged
from the outlet of the EGR pipe 13 (a connecting portion
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between the intake pipe 11B and the EGR pipe 13) into
the intake pipe 11B. The EGR pipe 13 forms a path
through which the EGR gas flows, and the path serves
as an EGR path.
[0028] The internal combustion engine 10 has a plu-
rality of cylinders 45A-45D provided with a plurality of
fuel injection valves 43A-43D, respectively. The fuel in-
jection valves 43A-43D are supplied with fuel through a
common rail 41 and fuel lines 42A-42D, and the fuel in-
jection valves 43A-43D are driven by a control signal from
the control device 50 to inject fuel into the respective
cylinders 45A-45D.
[0029] The cylinders 45A-45D are provided with aux-
iliary injection valves 63A-63D (i.e., cooling medium sup-
ply devices), respectively. The auxiliary injection valves
63A-63D are supplied with water (i.e., non-combustible
liquid) through a water-supply common rail 61 and water
lines 62A-62D, and the auxiliary injection valves 63A-
63D are driven by a control signal from the control device
50 to inject water into the respective cylinders 45A-45D.
[0030] The water-supply common rail 61 is coupled,
via a supply pipe 65 and a water pump 66 (i.e., a liquid
supply device) to a water tank 67 (i.e., a liquid tank) that
is located away from the internal combustion engine 10.
The water pump 66 is an electric pump rotationally driven
by a drive signal from the control device 50, and is rotat-
able in both of forward and reverse directions. Water 68
(i.e., non-combustible liquid) in the water tank 67 is drawn
by a forward rotation of the water pump 66 and supplied
to the water-supply common rail 61 through the supply
pipe 65. The water 68 in the water-supply common rail
61 and the supply pipe 65 is drawn by a reverse rotation
of the water pump 66, and returned to the water tank 67.
The supply pipe 65 may be provided with a water pres-
sure sensor for detecting a pressure of the water 68 in
the supply pipe 65.
[0031] The water tank 67 accommodates a level gauge
69 (i.e., a level detector) for detecting a remaining amount
(a water level) of the water 68 retained in the water tank
67. The water 68 is drawn from the water tank 67 filled
up with the water 68, and the level gauge (level detector)
69 outputs a signal (e.g., a signal corresponding to level
10 to level 1), which corresponds to a remaining amount
of the water 68 in the water tank 67, to the control device
(ECU) 50.
[0032] The internal combustion engine 10 is provided
with a rotation detecting device 22, a coolant temperature
detecting device 28C, and the like. The rotation detecting
device 22 is, for example, a rotation sensor, and outputs
a detection signal, which corresponds to a rotation angle
of the crankshaft of the internal combustion engine 10
(i.e., a crank angle), to the control device 50. For exam-
ple, the rotation detecting device 22 produces an output
pulse every time the crank shaft rotates 15 degrees, and
the output pulse is input to the control device 50. The
control device 50 calculates a crank angle and an engine
speed from the output pulse from the rotation detecting
device 22. The coolant temperature detecting device 28C

is, for example, a temperature sensor, and detects the
temperature of the coolant circulated in the internal com-
bustion engine 10 and outputs a detection signal corre-
sponding to the detected temperature to the control de-
vice 50.
[0033] The internal combustion engine 10 is connected
on the exhaust side thereof to an inlet of an exhaust man-
ifold 12A, and an outlet of the exhaust manifold 12A is
connected to an inlet of the exhaust pipe 12B. An outlet
of the exhaust pipe 12B is connected to an inlet of the
turbine 36, and an outlet of the turbine 36 is connected
to an inlet of an exhaust pipe 12C.
[0034] The exhaust pipe 12B is connected to the inlet
of the EGR pipe 13. The exhaust pipe 12B is in commu-
nication with the intake pipe 11B through the EGR pipe
13 so that part of the exhaust gas in the exhaust pipe
12B (corresponding to an exhaust path) may be recircu-
lated to the intake pipe 11B (corresponding to an intake
path). Further, the EGR pipe 13 is provided with a path
switching device 14A, a bypass pipe 13B, an EGR cooler
15, and an EGR valve 14B.
[0035] The EGR gas flows from the exhaust pipe 12B
into the EGR pipe 13, and the path switching device 14A
serves as a path switching valve that switches a path, in
response to a control signal from the control device 50,
between an EGR cooler path that allows the EGR gas to
be returned to the intake path through the EGR cooler
15 and a bypass path that allows the EGR gas to be
returned to the intake pipe 11B through the bypass pipe
13B without passing through the EGR cooler 15. The
bypass pipe 13B bypasses the EGR cooler 15, an inlet
of the bypass pipe 13B is connected to the path switching
device 14A, and an outlet of the bypass pipe 13B is con-
nected to the EGR pipe 13 at a position between the EGR
valve 14B and the EGR cooler 15.
[0036] The EGR valve 14B (EGR valve) is disposed
downstream of the EGR cooler 15 in the EGR pipe 13
and downstream of the junction of the EGR pipe 13 and
the bypass pipe 13B. The EGR valve 14B adjusts the
opening degree of the EGR pipe 13 based on a control
signal from the control device 50 to adjust the flow rate
of the EGR gas flowing through the EGR pipe 13.
[0037] Further, the EGR cooler 15 is disposed in the
EGR pipe 13 at a position between the junction of the
EGR pipe 13 and the bypass pipe 13B and the path
switching device 14A. The EGR cooler 15, i.e., a heat
exchanger, is supplied with coolant, and the EGR cooler
15 cools and discharges the EGR gas flowed therein.
[0038] The exhaust pipe 12B is provided with an ex-
haust gas temperature detecting device 29. The exhaust
gas temperature detecting device 29 is, for example, an
exhaust gas temperature sensor, and outputs a detection
signal, which corresponds to the exhaust gas tempera-
ture, to the control device 50. Based on the exhaust gas
temperature detected by the exhaust gas temperature
detecting device 29, the control state of the EGR valve
14B, and the operating state of the internal combustion
engine 10, the control device 50 may estimate the tem-
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perature of the EGR gas flowed into the intake pipe 11B
through the EGR pipe 13, the EGR cooler 15 (or the by-
pass pipe 13B), and the EGR valve 14B.
[0039] The outlet of the exhaust pipe 12B is connected
to the inlet of the turbine 36, and the outlet of the turbine
36 is connected to the inlet of the exhaust pipe 12C. The
turbine 36 is provided with a variable nozzle 33 that is
capable of controlling the flow speed of the exhaust gas
flowing to the turbine impeller 36A, and the opening de-
gree of the variable nozzle 33 is adjusted by a nozzle
driving device 31. The control device 50 adjusts the open-
ing degree of the variable nozzle 33 by outputting a con-
trol signal to the nozzle driving device 31 based on the
detection signal from a nozzle opening degree detecting
device 32 (e.g., a nozzle opening degree sensor) and a
target nozzle opening degree.
[0040] The exhaust pipe 12B disposed upstream of the
turbine 36 is also provided with a turbine upstream pres-
sure detecting device 26A. The turbine upstream pres-
sure detecting device 26A is, for example, a pressure
sensor, and outputs a detection signal, which corre-
sponds to the pressure in the exhaust pipe 12B disposed
upstream of the turbine 36, to the control device 50. The
exhaust pipe 12C disposed downstream of the turbine
36 is provided with a turbine downstream pressure de-
tecting device 26B. The turbine downstream pressure
detecting device 26B is, for example, a pressure sensor,
and outputs a detection signal, which corresponds to the
pressure in the exhaust pipe 12C disposed downstream
of the turbine 36, to the control device 50.
[0041] The outlet of the exhaust pipe 12C is connected
to an exhaust gas purification device, which is not illus-
trated. For example, when a diesel engine serves as the
internal combustion engine 10, the exhaust gas purifica-
tion device includes an oxidation catalyst, a particulate
filter, a selective catalytic reduction, or the like.
[0042] The control device 50, i.e., Electronic Control
Unit (ECU), at least includes a processer 51 (i.e., CPU,
Micro-Processing Unit (MPU) or the like), and a storage
device 53 (i.e., DRAM, ROM, EEPROM, SRAM, HDD or
the like). The control device 50 (i.e., ECU) detects the
operation condition of the internal combustion engine 10
based on the detection signals from various detection
devices, which are not limited to but include the detecting
devices described above, and controls various actuators,
which are not limited to but include the fuel injection
valves 43A-43D, the auxiliary injection valves 63A-63D,
the EGR valve 14B, the path switching device 14A, the
nozzle driving device 31, and the throttle device 47 de-
scribed above. The storage device 53 stores programs
and parameters for performing various processing, for
example.
[0043] The control device 50 is provided with an at-
mospheric pressure detecting device 23 that is, for ex-
ample, an atmospheric pressure sensor. The atmospher-
ic pressure detecting device 23 outputs a detection sig-
nal, which corresponds to the atmospheric pressure
around the control device 50, to the control device 50. A

vehicle speed detecting device 27 is, for example, a ve-
hicle speed detection sensor, and provided on the wheels
or the like of the vehicle. The vehicle speed detecting
device 27 outputs a detection signal, which corresponds
to the rotation speed of the wheels of the vehicle, to the
control device 50.
[0044] Next, the following will describe the mounting
structures of the fuel injection valves 43A-43D and the
auxiliary injection valves 63A-63D with reference to FIG.
2. Since the fuel injection valves 43A-43D and the aux-
iliary injection valves 63A-63D have approximately the
same mounting structure, the following explanation will
focus on the mounting structures of the fuel injection
valve 43A and the auxiliary injection valve 63A.
[0045] As illustrated in FIG. 2, the internal combustion
engine 10 includes a cylinder head 72 and a cylinder
block 71 in which a cylinder 45A is formed. The cylinder
45A has therein a piston 73 that reciprocates in the cyl-
inder 45A. In the cylinder 45A, a combustion chamber
75 is formed between the piston 73 and the cylinder head
72 to burn a fuel-air-mixture therein. The top of the piston
73 has a cavity 76 that has a depression shape.
[0046] The fuel injection valve 43A is disposed at the
center of an upper wall surface of the combustion cham-
ber 75 and configured to directly inject fuel F to the pe-
ripheral portion of the cavity 76 formed in the piston 73
(see the right of FIG. 2). The auxiliary injection valve 63A
is disposed at the peripheral portion of the upper wall
surface of the combustion chamber 75 at an angle with
respect to the fuel injection valve 43A, and configured to
inject (supply) the water 68, which is less flammable than
the fuel F, to a predetermined region FL around a plurality
of fuel injection openings 49 (e.g., eight fuel injection
openings, see FIGS. 7 and 8) of the fuel injection valve
43A (see the left of FIG. 2). The predetermined region
FL around the plurality of fuel injection openings 49 of
the fuel injection valve 43A (see FIGS. 7 and 8) is cooled
by the heat of vaporization of the water 68 to a temper-
ature below the ignition temperature of the fuel F.
[0047] Next, with reference to FIGS. 3-8, the following
will describe an exemplary water injection control
processing performed by the control device 50 of the in-
ternal combustion engine 10 for injecting the water 68
with the auxiliary injection valves 63A-63D (see FIG. 2)
before the main injections of the fuel F by the fuel injection
valves 43A-43D. The control device 50 repeats the
processing shown in the flowcharts in FIGS. 3 and 4 at
a predetermined time interval (e.g., an interval of several
tens of milliseconds to several hundreds of milliseconds)
during the operation of the internal combustion engine
10.
[0048] As illustrated in FIGS. 3 and 4, firstly the control
device 50 calculates an accelerator pedal pressing
amount (a required load), an engine speed NE, a crank
angle, a temperature of the coolant, and the like based
on the detection values detected by the accelerator pedal
pressing amount detecting device 25, the rotation detect-
ing device 22, the coolant temperature detecting device
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28C, and the like and stores them in RAM in step S11,
and the control device 50 then proceeds with step S12.
[0049] In step S12, the control device 50 retrieves a
fuel injection flag from RAM and determines whether the
fuel injection flag is ON, that is, the control device 50
determines whether the fuel injection amount and the
fuel injection start timing of each of a first preliminary
injection J1, a second preliminary injection J2, and a main
injection JM1 (see FIG. 5) of this time have been set. The
fuel injection flag is set to OFF and stored in RAM at the
startup of the control device 50. When the control device
50 determines that the fuel injection flag is ON (S12:
YES), the control device 50 proceeds with step S22,
which will be described later.
[0050] When the control device 50 determines that the
fuel injection flag is OFF (S12: NO), the control device
50 proceeds with step S13. In step S13, the control device
50 obtains a fuel injection amount Q2 of each of the first
preliminary injection J1 and the second preliminary in-
jection J2 and a fuel injection amount Q3 of the main
injection JM1 of this time based on the required load and
the engine speed NE obtained in step S11 and stores
them in RAM, and the control device 50 then proceeds
with step S14.
[0051] For example, the fuel injection amount Q2 of
each of the optimal first preliminary injection J1 and sec-
ond preliminary injection J2 and the optimal fuel injection
amount Q3 of the main injection JM1 for the required load
and the engine speed NE are obtained by testing in ad-
vance, and the relationship between the required load
and the engine speed NE and the fuel injection amounts
Q2, Q3 is stored in a map. Accordingly, the control device
50 may refer to the map for calculation of the fuel injection
amounts Q2, Q3. The fuel injection amounts Q2, Q3 may
be corrected as necessary based on the detection value
of the temperature of the coolant.
[0052] In step S14, the control device 50 obtains a fuel
injection start timing of each of the first preliminary injec-
tion J1, the second preliminary injection J2, and the main
injection JM1 based on the required load and the engine
speed NE obtained in step S11 and stores them in RAM,
and the control device 50 then proceeds with step S15.
[0053] For example, the fuel injection start timing of
each of the optimal first preliminary injection J1, second
preliminary injection J2, and main injection JM1 for the
required load and the engine speed NE is obtained by
testing in advance, and the relationship between the re-
quired load and the engine speed NE and the fuel injec-
tion start timings is stored in a map. The control device
50 may refer to the map for calculation of the fuel injection
start timing of each of the first preliminary injection J1,
the second preliminary injection J2, and the main injec-
tion JM1. The fuel injection start timing of each of the first
preliminary injection J1, the second preliminary injection
J2, and the main injection JM1 may be corrected based
on the detection value of the temperature of the coolant.
[0054] For example, as illustrated in FIG. 5, the fuel
injection start timing of the main injection JM1 is set such

that the fuel injection amount injected from the fuel injec-
tion openings 49 of the fuel injection valves 43A-43D be-
comes maximal at a compression top dead center TDC.
The fuel injection start timings of the first preliminary in-
jection J1 and the second preliminary injection J2 are set
such that the combustion of the fuel injected by the first
preliminary injection J1 and the second preliminary in-
jection J2 before the main injection JM1 generates no
heat or very little heat.
[0055] In contrast, the fuel injection start timing of a
conventional main injection JM2 is set such that the fuel
injection amount injected from the fuel injection openings
49 of the fuel injection valves 43A-43D becomes maximal
at a position after the compression top dead center TDC.
Accordingly, the fuel injection start timing of the main
injection JM1 is earlier than that of the conventional main
injection JM2 by time T1.
[0056] The control device 50 retrieves the fuel injection
flag from RAM, sets the flag to ON, and restores the flag
in RAM in step S15, and the control device 50 then pro-
ceeds with step S16. In step S16, the control device 50
retrieves the fuel injection amount Q2 of each of the first
preliminary injection J1 and the second preliminary in-
jection J2 and the fuel injection amount Q3 of the main
injection JM1 of this time from RAM and stores the total
fuel injection amount of the amounts Q2 and Q3 in RAM.
Then, the control device 50 determines whether the total
fuel injection amount is equal to or more than a prede-
termined fuel injection amount threshold Q1. The fuel
injection amount threshold Q1 is stored in ROM or EEP-
ROM of the storage device 53 in advance.
[0057] When the control device 50 determines that the
total fuel injection amount is less than the fuel injection
amount threshold Q1 (S16: NO), the control device 50
proceeds with step S17. The control device 50 retrieves
a water injection flag from RAM, sets the flag to OFF,
and restores the flag in RAM in step S17, and the control
device 50 proceeds with step S22, which will be de-
scribed later. The water injection flag is set to OFF and
stored in RAM at the startup of the control device 50.
[0058] When the control device 50 determines that the
total fuel injection amount is equal to or more than the
fuel injection amount threshold Q1 (S16: YES), the con-
trol device 50 proceeds with step S18. In step S18, the
control device 50 determines whether a condition of a
water injection K1 executed by the auxiliary injection
valves 63A-63D is satisfied. For example, the control de-
vice 50 determines that the condition of the water injec-
tion K1 executed by the auxiliary injection valves 63A-
63D is not satisfied, while the engine is being warmed
up because the temperature of the coolant is less than
a predetermined temperature or when a required torque
is equal to or less than a predetermined torque.
[0059] When the control device 50 determines that the
condition of the water injection K1 executed by the aux-
iliary injection valves 63A-63D is not satisfied (S18: NO),
the control device 50 performs the processing in step
S17. On the other hand, when the control device 50 de-
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termines that the condition of the water injection K1 ex-
ecuted by the auxiliary injection valves 63A-63D is sat-
isfied (S18: YES), the control device 50 proceeds with
step S19. The control device 50 retrieves the total fuel
injection amount calculated in step S16 from RAM, ob-
tains a water injection amount Q5 of the water injection
K1 of this time (see FIG. 5) based on the total fuel injection
amount, and stores it in RAM in step S19, and the control
device 50 then proceeds with step S20.
[0060] For example, as illustrated in FIG. 6, the water
injection amount Q5 of the optimal water injection K1
injected by the auxiliary injection valve valves 63A-63D
for the total fuel injection amount injected by the fuel in-
jection valves 43A-43D is obtained by testing in advance,
and the relationship between the total fuel injection
amount and the water injection amount Q5 is stored in a
map M1. The control device 50 refers to the map M1 to
calculate the water injection amount Q5. In addition, the
temperature of the water 68 retained in the water tank
67 may be detected by a water temperature sensor to
correct the water injection amount Q5.
[0061] In step S20, the control device 50 obtains a wa-
ter injection start timing of the water injection amount Q5
of the water injection K1 of the auxiliary injection valves
63A-63D based on the fuel injection start timing of the
main injection JM1 of the fuel F obtained in step S14 and
stores it in RAM, and the control device 50 then proceeds
with step S21.
[0062] As illustrated in FIG. 5, for example, since the
optimal water injection K1 is executed after the second
preliminary injection J2 and before the fuel injection start
timing of the main injection JM1, the water injection start
timing of the water injection amount Q5 of the optimal
water injection K1 is obtained by testing in advance, and
the relationship between the fuel injection start timing of
the main injection JM1 and the water injection start timing
of the water injection amount Q5 of the water injection
K1 is stored in a map. The control device 50 may refer
to the map for calculation of the water injection start timing
of the water injection amount Q5 of the water injection
K1. Accordingly, water injection times T2-T3 are finished
before the fuel injection start timing of the main injection
JM1 (a crank angle at time T4).
[0063] The control device 50 retrieves the water injec-
tion flag from RAM, sets the flag to ON, and restores the
flag in RAM in step S21, and the control device 50 then
proceeds with step S22. The water injection flag is set to
OFF and stored in RAM at the startup of the control device
50. Next, in step S22, the control device 50 retrieves the
crank angle obtained in step S11 and the fuel injection
start timing of the first preliminary injection J1 obtained
in step S14 from RAM, and determines whether the crank
angle corresponds to the fuel injection start timing of the
first preliminary injection J1 (see FIG. 5).
[0064] When the control device 50 determines that the
crank angle corresponds to the fuel injection start timing
of the first preliminary injection J1 (S22: YES), the control
device 50 proceeds with step S23. In step S23, as illus-

trated in FIG. 5, the control device 50 controls the oper-
ation of the fuel injection valve (e.g., the fuel injection
valve 43A) of this time so as to achieve the fuel injection
amount Q2 of the first preliminary injection J1 obtained
in step S13. The control device 50 ends the processing
after injecting the fuel injection amount Q2 of the first
preliminary injection J1 obtained in step S13.
[0065] When the control device 50 determines that the
crank angle does not correspond to the fuel injection start
timing of the first preliminary injection J1 (S22: NO), the
control device 50 proceeds with step S24. In step S24,
the control device 50 retrieves the crank angle obtained
in step S11 and the fuel injection start timing of the second
preliminary injection J2 obtained in step S14 from RAM,
and determines whether the crank angle corresponds to
the fuel injection start timing of the second preliminary
injection J2 (see FIG. 5).
[0066] When the control device 50 determines that the
crank angle corresponds to the fuel injection start timing
of the second preliminary injection J2 (S24: YES), the
control device 50 proceeds with step S23. In step S23,
as illustrated in FIG. 5, the control device 50 controls the
operation of the fuel injection valve (e.g., the fuel injection
valve 43A) of this time so as to achieve the fuel injection
amount Q2 of the second preliminary injection J2 ob-
tained in step S13. The control device 50 ends the
processing after injecting the fuel injection amount Q2 of
the second preliminary injection J2 obtained in step S13.
[0067] When the control device 50 determines that the
crank angle does not correspond to the fuel injection start
timing of the second preliminary injection J2 (S24: NO),
the control device 50 proceeds with step S25. In step
S25, the control device 50 retrieves the water injection
flag from RAM and determines whether the water injec-
tion flag is ON, that is, the control device 50 determines
whether the water injection amount Q5 and the water
injection start timing of the water injection K1 of this time
have been set. When the control device 50 determines
that the water injection flag is OFF (S25: NO), the control
device 50 proceeds with step S29, which will be de-
scribed later.
[0068] When the control device 50 determines that the
water injection flag is ON (S25: YES), the control device
50 proceeds with step S26. In step S26, the control device
50 retrieves the crank angle obtained in step S11 and
the water injection start timing of the water injection K1
obtained in step S20 from RAM, and determines whether
the crank angle corresponds to the water injection start
timing of the water injection K1 (the crank angle at time
T2 in FIG. 5).
[0069] When the control device 50 determines that the
crank angle corresponds to the water injection start tim-
ing of the water injection K1 (S26: YES), the control de-
vice 50 proceeds with step S27. In step S27, as illustrated
in FIG. 5, the control device 50 controls the operation of
the auxiliary injection valve (e.g., the auxiliary injection
valve 63A) of this time so as to achieve the water injection
amount Q5 of the water injection K1 obtained in step S19.
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Specifically, as illustrated in the left of FIG. 2, the control
device 50 controls so that the auxiliary injection valve
63A injects the water injection amount Q5 of the water
68 to the predetermined region FL (see FIGS. 7 and 8)
around the plurality of fuel injection openings 49 of the
fuel injection valve 43A (e.g., eight fuel injection open-
ings, see FIGS. 7 and 8).
[0070] The predetermined region FL (see FIGS. 7 and
8) around the plurality of fuel injection openings 49 of the
fuel injection valve 43A (see FIGS. 7 and 8) is cooled by
the heat of vaporization of the water 68 to a temperature
below the ignition temperature of the fuel F. The control
device 50 proceeds with step S28 after injecting the water
injection amount Q5 of the water injection K1 obtained
in step S19. In step S28, the control device 50 retrieves
the water injection flag from RAM, sets the flag to OFF,
and restores the flag in RAM, and the control device 50
ends the processing.
[0071] When the control device 50 determines that the
crank angle does not correspond to the water injection
start timing of the water injection K1 (S26: NO), the con-
trol device 50 proceeds with step S29. In step S29, the
control device 50 retrieves the crank angle obtained in
step S11 and the fuel injection start timing of the main
injection JM1 obtained in step S14 from RAM, and de-
termines whether the crank angle corresponds to the fuel
injection start timing of the main injection JM1 (the crank
angle at time T4 in FIG. 5). When the control device 50
determines that the crank angle does not correspond to
the fuel injection start timing of the main injection JM1
(S29: NO), the control device 50 ends the processing.
[0072] When the control device 50 determines that the
crank angle corresponds to the fuel injection start timing
of the main injection JM1 (S29: YES), the control device
50 proceeds with step S30. In step S30, as illustrated in
FIG. 5, the control device 50 controls the operation of the
fuel injection valve (e.g., the fuel injection valve 43A) of
this time so as to achieve the fuel injection amount Q3
of the main injection JM1 obtained in step S13. Specifi-
cally, as illustrated in the right of FIG. 2, the control device
50 controls so that the fuel injection amount Q3 of the
fuel F is injected from the plurality of fuel injection open-
ings 49 of the fuel injection valve 43A (e.g., eight fuel
injection openings, see FIGS. 7 and 8) to the peripheral
portion of the cavity 76 formed in the piston 73.
[0073] Accordingly, as illustrated in FIGS. 7 and 8, the
fuel F injected from the fuel injection openings 49 of the
fuel injection valve 43A is ignited after passing through
the predetermined region FL cooled by the heat of va-
porization of the water 68 injected from the auxiliary in-
jection valve 63A to a temperature below the ignition tem-
perature of the fuel F, so that mixing of the fuel F and air
is promoted. That is, as illustrated in FIG. 5, the main
injection JM1 is injected earlier than the conventional
main injection JM2 by time T1, and passes through the
predetermined region FL without being ignited. There-
fore, mixing of the injected fuel F and air is promoted
more than before so as to help to reduce smoke.

[0074] The fuel F that has reached the outside of the
predetermined region FL is ignited at ignition regions FA.
That is, the predetermined region FL is located between
the fuel injection openings 49 and the ignition regions FA
where the fuel F of the main injection JM1 injected from
the fuel injection valve 43A is ignited. Further, as illus-
trated in FIG. 5, since the water 68 injected from the aux-
iliary injection valve 63A directly receives (recovers) heat
from flame of the combustion to increase volume expan-
sion by vaporization, the pressure in the cylinder is in-
creased by a predetermined pressure ΔP than before at
a position after a compression top dead center TDC to
increase the output torque and therefore help the im-
provement of fuel economy.
[0075] On the other hand, since air near the wall sur-
face of the combustion chamber 75 (see FIG. 2) is at a
high temperature (e.g., approximately 600°C or more),
the fuel is surely ignited near the wall surface of the com-
bustion chamber 75 without the possibility of an acciden-
tal fire even if the predetermined region FL around the
fuel injection openings 49 (e.g., eight openings) is exces-
sively cooled. Accordingly, the combustion robustness
is increased compared to a case where the whole of the
combustion chamber 75 is cooled. In addition, the con-
sumption of the water 68 may be reduced since the water
68 is injected by the auxiliary injection valves 63A-63D
only to the predetermined region FL around the fuel in-
jection openings 49.
[0076] Next, as illustrated in FIG. 4, the fuel injection
amount Q3 of the main injection JM1 obtained in step
S13 is injected in step S30, and the control device 50
then proceeds with step S31. In step S31, the control
device 50 retrieves the fuel injection flag from RAM, sets
the flag to OFF, and restores the flag in RAM, and the
control device 50 then ends the processing.
[0077] The water 68 is retained in the water tank 67
(i.e., the liquid tank) located outside the internal combus-
tion engine 10, and supplied by the water pump 66 from
the water tank 67 to the auxiliary injection valves 63A-
63D. This configuration reduces an increase in the tem-
perature of the water 68 caused by increasing tempera-
ture of the internal combustion engine 10, thereby en-
hancing the cooling effect of the heat of vaporization of
the water 68 in the predetermined region FL around the
plurality of fuel injection openings 49 of each of the fuel
injection valves 43A-43D.
[0078] The present invention is not limited to the
present embodiments, and the embodiments may be
modified, added, or deleted in various manners without
changing the gist of the present invention. The embodi-
ments may be modified in following manners. The same
reference numerals of the internal combustion engine 10
in the following description as those of the internal com-
bustion engine 10 of the embodiments in FIGS. 1-8 indi-
cate the same or equivalent parts as those of the internal
combustion engine 10 of the embodiments in FIGS. 1-8.
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Another embodiment 1

[0079] (A) For example, as illustrated in FIG. 9, cylin-
drical members 82 into which the fuel injection valves
43A-43D are fitted from above may be provided instead
of the auxiliary injection valves 63A-63D, wherein each
of the cylindrical members 82 is approximately cylindri-
cally formed, made of a porous material, including an
unglazed ceramic material, and fitted into a through hole
72A formed at the center of the upper wall surface of the
combustion chamber 75 so that the bottom end of the
cylindrical member 82 faces the combustion chamber
75. That is, the cylinder head 72 may have the through
holes 72A in which the fuel injection valves 43A-43D are
disposed facing the combustion chambers 75, respec-
tively. The length of each cylindrical member 82 is ap-
proximately equal to the thickness of the cylinder head
72, and the bottom end surface of the cylindrical member
82 is in plane with the upper wall surface of the combus-
tion chamber 75. FIG. 9 illustrates the cylindrical member
82 into which the fuel injection valve 43A is fitted from
above.
[0080] Further, four supply members 81 each having
an approximately box shape with a downward opening
and a circular cross section are disposed on the cylinder
head 72 so that each supply member 81 is coaxial with
the corresponding cylindrical member 82 and covers the
whole of the top end surface of the cylindrical member
82. The supply members 81 respectively have, at the
centers of the ceiling portions thereof, through holes 81A
into which the respective fuel injection valves 43A-43D
are fitted from above. The supply members 81 are con-
nected to respective water pipes 62A-62D. The fuel in-
jection valves 43A-43D are fitted into from above and
fixed to the through holes 81A of the supply members 81
and the cylindrical members 82, respectively. FIG. 9 il-
lustrates the water pipe 62A.
[0081] The water 68 is supplied to the top end surfaces
of the cylindrical members 82 through the water pipes
62A-62D and the supply members 81, and seeps out
from the bottom end surfaces of the cylindrical members
82. Accordingly, as illustrated in the left of FIG. 9, the
water 68 is supplied to the predetermined region FL
around the fuel injection openings 49 (see FIG. 7) of each
of the fuel injection valves 43A-43D and cools the pre-
determined region FL to a temperature below the ignition
temperature of the fuel F by the heat of vaporization.
[0082] As illustrated in the right of FIG. 9, the fuel F of
the main injection JM1 injected from the fuel injection
openings 49 of the fuel injection valve 43A is ignited after
passing through the predetermined region FL cooled by
the heat of vaporization of the water 68 to a temperature
below the ignition temperature of the fuel F, so that mixing
of the fuel F and air is promoted. That is, the fuel F of the
main injection JM1 passes through the predetermined
region FL without being ignited. Therefore, mixing of the
injected fuel F and air is promoted more than before so
as to help to reduce smoke.

[0083] The fuel F that has reached the outside of the
predetermined region FL is ignited at ignition regions FA
(see FIGS. 7 and 8). That is, the predetermined region
FL is located between the fuel injection openings 49 and
the ignition regions FA where the fuel F of the main in-
jection JM1 injected from the fuel injection valve 43A is
ignited. Further, since the water 68 that seeps out from
the bottom end surfaces of the cylindrical members 82
directly receives (recovers) heat from flame of the com-
bustion to increase volume expansion by vaporization,
the pressure in the cylinder is increased by a predeter-
mined pressure ΔP (see FIG. 5) than before at a position
after a compression top dead center TDC to increase the
output torque and therefore help the improvement of fuel
economy.
[0084] On the other hand, since air near the wall sur-
face of the combustion chamber 75 (see FIG. 2) is at a
high temperature (e.g., approximately 600°C or more),
the fuel is surely ignited near the wall surface of the com-
bustion chamber 75 without the possibility of an acciden-
tal fire even if the predetermined region FL around the
fuel injection openings 49 (e.g., eight openings) is exces-
sively cooled. Accordingly, the combustion robustness
is increased compared to a case where the whole of the
combustion chamber 75 is cooled.

Another embodiment 2

[0085] (B) For example, liquid injected to the predeter-
mined region FL around the fuel injection openings 49
(e.g., eight openings) through the auxiliary injection
valves 63A-63D is not limited to the water 68, for exam-
ple, liquid, such as methanol, that is less flammable than
the fuel F, such as light oil, may be injected to the pre-
determined region FL. The heat of vaporization of the
liquid, such as methanol, cools the predetermined region
FL to promote mixing of the fuel F and air, thereby helping
to reduce smoke.

Another embodiment 3

[0086] (C) For example, the coolant may be partially
supplied to the auxiliary injection valves 63A-63D by a
water pump (not illustrated) of the internal combustion
engine 10. This allows the coolant to be partially supplied
to the auxiliary injection valves 63A-63D so that the aux-
iliary injection valves 63A-63D inject the coolant to the
predetermined region FL only while the internal combus-
tion engine 10 is driven.

Reference Signs List

[0087]

10 internal combustion engine
43A - 43D fuel injection valve
49 fuel injection opening
50 control device
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63A - 63D auxiliary injection valve
66 water pump
67 water tank
68 water
72 cylinder head
72A through hole
75 combustion chamber
81 supply member
82 cylindrical member
J1 first preliminary injection
J2 second preliminary injection
JM1 main injection
F fuel
FA ignition region
FL predetermined region

Claims

1. An internal combustion engine comprising:

a fuel injection valve configured to inject fuel in
a combustion chamber of the internal combus-
tion engine; and
a cooling medium supply device configured to
supply liquid that is less flammable than the fuel
to the combustion chamber, wherein
the cooling medium supply device is configured
to supply the liquid to a predetermined region
around a plurality of fuel injection openings of
the fuel injection valve to decrease a tempera-
ture of the predetermined region before a main
injection of the fuel by the fuel injection valve.

2. The internal combustion engine according to claim
1, wherein
the predetermined region is located between the fuel
injection openings and an ignition region where the
fuel of the main injection injected from the fuel injec-
tion valve is ignited.

3. The internal combustion engine according to claim
1 or 2, wherein

the cooling medium supply device includes an
auxiliary injection valve that is configured to in-
ject the liquid to the predetermined region in the
combustion chamber,
the internal combustion engine includes an in-
jection control device that is configured to control
a fuel injection of the fuel injection valve and a
liquid injection of the auxiliary injection valve,
and
the injection control device includes:

a fuel injection control part configured to
control the fuel injection valve so that the
fuel injection valve executes the main injec-

tion after executing a plurality of preliminary
injections; and
a cooling medium injection control part con-
figured to control the auxiliary injection
valve so that the auxiliary injection valve in-
jects the liquid to the predetermined region
after the plurality of preliminary injections
and before the main injection.

4. The internal combustion engine according to claim
1 or 2, wherein

the internal combustion engine includes a cylin-
der head that has a through hole in which the
fuel injection valve is disposed facing the com-
bustion chamber,
the cooling medium supply device includes:

a cylindrical member into which the fuel in-
jection valve is fitted from above, wherein
the cylindrical member is cylindrically
formed, made of a porous material including
an unglazed ceramic material, and fitted in-
to the through hole so that a bottom end of
the cylindrical member faces the combus-
tion chamber; and
a supply member disposed on the cylinder
head and configured to supply the liquid to
a top end of the cylindrical member, and

the liquid seeps out from the bottom end of the
cylindrical member and is supplied to the pre-
determined region around the plurality of fuel
injection openings to decrease the temperature
of the predetermined region.

5. The internal combustion engine according to any one
of claims 1 to 4, wherein the internal combustion en-
gine includes:

a liquid tank disposed outside the internal com-
bustion engine and in which the liquid is re-
tained; and
a liquid supply device configured to supply the
liquid from the liquid tank to the cooling medium
supply device.

6. The internal combustion engine according to any one
of claims 1 to 5, wherein the liquid is non-combustible
liquid including water.
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