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(54) COMBUSTION SYSTEM

(57) A combustion system provided with: a fuel tank;
a pump for adding pressure to fuel supplied from the fuel
tank; a first nozzle part for spraying the pressurized fuel
in the combustion chamber; a supply pipe for coupling
the first nozzle part and the pump, and through which the
pressurized fuel flows; a connection part provided along
the supply pipe near the first nozzle part; a supply unit
for supplying water to the supply pipe via the connection
part; and a second nozzle part interposed between the
supply unit and the connection part for atomizing water
and spraying in the connection part.
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Description

[Field of the Invention]

[0001] The present invention relates to a process to
generate a water emulsion fuel and a combustion system
which burns the water emulsion fuel.

[Background Art]

[0002] In the conventional water emulsion fueling ap-
paratus (first water emulsion fueling apparatus), a fuel
pressurized by a fuel injection pump is kept at a constant
pressure force by a relief valve, the quantity of oil supplied
is determined by an adjustment valve, and when passed
into a mixer, water is injected by a proportion flooding
mechanism. Here, water and the fuel are mixed, and the
mixture is supplied to a burner.
[0003] With this conventional water emulsion fueling
apparatus, because the passage resistance of the burner
(9) fluctuates due to the increase and decrease in the
quantity of combustion and the rate of the water addition,
the internal pressure of the mixer changes. Also, the in-
ternal pressure of the mixer is affected by the change in
the quantity of combustion, then, in the proportion flood-
ing mechanism, the pressure force at the point where the
fuel is injected largely changes, the quantity of fuel in-
jected fluctuates greatly, and a miss fire is caused.
[0004] Thus, in the improved conventional water emul-
sion fueling apparatus (second water emulsion fueling
apparatus), an emulsion pump is provided at the exit of
the mixer, a reducing valve is set between the exit of the
mixer and the entrance of the mixer, the reducing valve
maintains a fixed pressure force at the mixer entrance.
Thereby, even if the quantity of combustion and the rate
at which water is added changes, the pressure force of
the quantity of oil adjustment valve and the proportion
flooding mechanism remains fixed, exhaust fumes and
a miss fire do not occur (e.g., refer to patent document 1).

[Prior art]

[Patent documents]

[0005] [Patent document 1] Japanese Laid Open Pat-
ent No. Hei05-157221

[Summary of the invention]

[Problem Solved by the Invention]

[0006] In the constitution of the first water emulsion
fueling apparatus, the pressure force in the plumbing de-
pends on the pressure force of the fuel injection pump
and the discharge volume of the burner nozzle, however,
the pressure force in the plumbing does not fluctuate
greatly according to the correlation in which the quantity
of fuel decreases if the quantity of water increases.

Thus, the phenomenon described in patent document 1
rarely occurs.
[0007] In the second water emulsion fueling apparatus,
an exclusive emulsion pump and a reducing valve are
necessary. And, when the fuel which mixed water by the
mixer is sent to the reducing valve, the reducing valve
expands frictionally, is lacking in intercalary lubricating
properties, so there is a possibility that adjustment of the
pressure force becomes impossible (it breaks down).
Also, while the second water emulsion fueling apparatus
is basically applicable to a large-capacity burner appa-
ratus (ship, large convertor), it is not at all suitable for a
common burner apparatus.
[0008] Even more particularly, when an exclusive
emulsion pump is provided, it is necessary to make the
signal from the combustion equipment side match the
drive of the emulsion pump, however, most of the consent
of the maker side is not got, and it is not realistic.
[0009] The object of the present invention is to provide
a combustion system which is possible to correspond to
all liquid fuel unitarily. This combustion system enables
mixed combustion with petroleum fuel (or petroleum fuel
and a fuel blended with other liquid fuels) and water, it is
helpful for the prevention of global warming and in the
reduction of harmful exhaust gases by enabling the clean
burning of fuel which is hard to burn.

[Means for solving the problems]

[0010] The combustion system of the present invention
is provided with a fuel tank, a pump for adding pressure
to the fuel supplied from the fuel tank, a first nozzle part
for spraying the pressurized fuel into the combustion
chamber, a supply pipe for coupling the first nozzle part
and the pump and through which the pressurized fuel
flows, a connection part provided along the supply pipe
near the first nozzle part, a supply unit for supplying water
to the supply pipe via the connection part, and a second
nozzle part interposed between the supply unit and the
connection part for atomizing water and spraying in the
connection part.

[Effect of the invention]

[0011] According to the present invention, water and
the main liquid fuel are not mixed beforehand, water is
only injected into the main liquid fuel just before combus-
tion, thus avoiding the blockage of the nozzle with sludge
or the fine particles contained in the fuel. And, as only
the water is managed independently, the apparatus be-
comes simple, thus the long-term stable operation of the
combustion system can be secured. Also, only water is
involved in the adjustment of the water content depend-
ing on classification and the ability of the burner appara-
tus, and thus, the apparatus becomes simple, and a com-
pact and low cost structure can be accomplished. Even
more particularly, it can resolve the problem of miss-firing
and trouble with the fuel injection pump such as occur
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with conventional equipment. Also, conventionally, if the
ingredients of the liquid fuel differ, they may not corre-
spond to the requirements for an individual water emul-
sion apparatus. However, according to the present in-
vention, this can be dealt with by a unitary combustion
system which is a combustion furnace, classification and
standard details of the internal combustion engine are
not required, thus versatility is raised and a wide variety
of environment measures are enabled.

[Brief Description of the drawings]

[0012]

[FIG. 1]
Distribution diagram showing the whole constitution
of the typical combustion system of the first embod-
iment.
[FIG. 2]
Sectional view which shows enlarged chamber of
the combustion system shown in FIG. 1.
[FIG. 3]
Micrograph of a fuel sample gathered by the check
bore of the chamber shown in FIG. 2.
[FIG. 4]
Display screen on the computer which shows result
of measurement of the particle diameter of each mi-
crographic water particle shown in FIG. 3.
[FIG. 5]
Graph which shows relations between the difference
in pressure between fuel (main liquid fuel) and water
jetted by spray nozzle and the mean particle size of
the water particles.
[FIG. 6]
Sectional view which shows the chamber of the com-
bustion system of the second embodiment and the
second nozzle portion.
[FIG. 7]
Sectional view which shows the chamber of the com-
bustion system of the third embodiment and the sec-
ond nozzle portion.
[FIG. 8]
Distribution diagram which shows the whole consti-
tution of the typical combustion system of the fourth
embodiment.
[FIG. 9]
Distribution diagram which shows the whole consti-
tution of the typical combustion system of the fifth
embodiment.

[Best Mode for carrying out the Invention]

[0013] Referring to Figs. 1-6, the first embodiment of
the combustion system is described.
[0014] As shown in Fig.1, Fig.2, the combustion sys-
tem 11 is provided with a burner apparatus 12 (main liquid
fuel operation apparatus) comprised of boilers, a water
emulsion fuel apparatus 13 generating water emulsion

fuel, high pressure pump apparatus 14 (a supply unit)
supplying water to the water emulsion fuel apparatus 13,
and a control apparatus 15 controlling the burner appa-
ratus 12, the water emulsion fuel apparatus 13 and the
high pressure pump apparatus 14.
[0015] The combustion system 11 is provided with a
fuel tank 16 which collects fuel (main liquid fuel, e.g.,
petroleum fuel), a fuel injection pump 17 (pump) which
is connected to the fuel tank 16 and receives fuel from
the fuel tank 16, a fuel line 18 which connects the fuel
injection pump 17 and the fuel tank 16, a first flow meter
21 which is provided with the fuel line 18, a combustion
nozzle 22 (first nozzle portion) jetting fuel pressurized
with fuel injection pump 17 into the combustion chamber,
a burner apparatus 12 provided with the combustion
chamber, a supply line 23 which connects the fuel injec-
tion pump 17 and the combustion nozzle 22, a first pres-
sure gauge 24 provided in the middle of the supply line
23, a chamber 25 (joint) which is provided with supply
line 23 to the vicinities of the combustion nozzle 22, a
first electromagnetic valve 26 provided in the middle of
the supply line 23 at the position between the combustion
nozzle 22 and the chamber 25, a circulation line 27 which
connects the fuel line 18 and the supply line 23, a second
electromagnetic valve 28 which is provided in first diver-
gence 27A of the circulation line 27, a flow quantity pres-
sure electromagnetic valve 31 which is provided in the
second divergence 27B of the circulation line 27, a high
pressure pump apparatus 14 (supply unit) supplying wa-
ter into the supply line 23 through the chamber 25 (joint),
a second nozzle portion 32 existed between the high
pressure pump apparatus 14 and the chamber 25.
[0016] Among these members, the fuel injection pump
17 (first pump), the first pressure gauge 24, the chamber
25 (joint), the circulation line 27, the second electromag-
netic valve 28, and the flow quantity pressure electro-
magnetic valve 31 are included in the water emulsion
fuel apparatus 13. The burner apparatus 12 includes the
combustion nozzle 22. The first electromagnetic valve
26 performs ON/OFF of the fueling.
[0017] It is pressurized with fuel injection pump 17,
and, for example, the pressure force of the fuel via supply
line 23 is 1.0MPa. The common pressure force of the
fuel in the combustion furnace is within 10MPa from
0.3MPa. Thus in this embodiment, the pressure force of
fuel pressurized with fuel injection pump 17 can be set
appropriately in a range of 10MPa from 0.3MPa. The fuel
to be collected in the fuel tank 16 is for example heavy
oil (e.g., heavy oil A, heavy oil C), but even light oil fuel
can be used. The speed that fuel flows through supply
line 23 is for example 0.2m/s, but it may be 0.2m/s or
more.
[0018] As shown in Fig. 1, the high pressure pump ap-
paratus 14 (a supply unit) has a water reservoir 33 which
stores water inside, a high pressure pump 34 (second
pump) that it is supplied water from the water reservoir
33 , and sends the pressurized water to the second noz-
zle portion 32, a water feed line 35 which connects the
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second nozzle portion 32 and the high pressure pump
34, a return circuit 36 returning to the water reservoir 33
from the water feed line 35, a flow quantity adjustment
valve 37 provided in the middle of the return circuit 36, a
second pressure gauge 39 provided in the middle of the
water feed line 35, and a second flow meter 38 provided
in the middle of the water feed line 35 are provided.
[0019] Alternatively, the constitution of the high pres-
sure pump apparatus 14 (a supply unit) does not need
to be integral. For example, when purification of the water
is necessary, the high pressure pump apparatus 14 does
not need to include a tank function (water reservoir 33).
In this case, the tank function (water reservoir 33) isolates
with the high pressure pump apparatus 14.
[0020] The high pressure pump apparatus 14 can sup-
ply water at a pressure force that is greater than that of
the pressurized fuel (main liquid fuel) into the fuel (main
liquid fuel). The pressure force of the water pressurized
with the high pressure pump 34 is for example 1.5MPa,
however as discussed below, the pressure force can be
set higher than from 0.5MPa as far as 10 MPa of fuel
pressurized with the fuel injection pump 17. The third
electromagnetic valve 41 intervenes between the cham-
ber 25 and the high pressure pump apparatus 14. The
high pressure pump 34 is a commercial plunger pump,
but even a diaphragm pump is useable. Also, for the high
pressure pump 34, a meter ring pump can be adopted.
In this case, even if the water reservoir 33 is not used, it
is connected directly with a water service utility, and a
water supply of constant pressure and constant dis-
charge pressure is possible, and reduces the size of the
system.
[0021] As shown in FIG. 2, the chamber 25 (joint) can
be attached and detached to the supply line 23 such as
an existing boiler facility. The chamber 25 has a first end
42 connected to the upstream of the supply line 23, a
second end 43 connected to the downstream of the sup-
ply line 23, a first part 44 which continues with the first
end 42 and having an inside diameter bigger than the
inside diameter of the supply line 23, a taper shaped sec-
ond part 45 which continues with the first part 44 and the
second end 43, and a check bore 46 which is provided
with the second end 43.
[0022] The second nozzle portion 32 is connected to
the first part 44 of the chamber 25 at right angles to the
direction where the supply line 23 extends. In this em-
bodiment, the second nozzle portion 32 is comprised of
a single nozzle.
The position of the second nozzle portion 32 should be
as close to the chamber 25 as possible. Alternatively in
the present embodiment, as the second nozzle portion
32, for example, a standard straight nozzle (orifice diam-
eter: CP small pore size nozzle 0.3mm made by IKEUCHI
Co. Ltd) is used. Other types of nozzles can also be used
for the second nozzle portion 32. For example, the small
pore size may be around 3mm from 0.1 mm, and the
shape of the nozzle may be full corn type or the hollow
corn type. Also, the types of the second nozzle portion

32 vary, the selection of the second nozzle portion 32
depends on the kind of the burner. As to the means of
controlling the burners, there is the ON/OFF type control,
the third place position formula control and the proportion
control formula.
[0023] Alternatively the setting angle of the second
nozzle portion 32 is not limited to the direction at right
angles to the direction to which the supply line 23 ex-
tends.
As shown with broken line Fig. 2, it can be set at an angle
diagonal to the direction to which supply line 23 extends,
or it may be parallel to the direction to which supply line
23 extends. Particularly, when the speed of the fuel (main
liquid fuel) in the pipe is slow, it is preferable to promote
dispersion and the mixture of the water particles in the
fuel by positioning the second nozzle portion 32 inclined
to a direction (a flow direction of the fuel) to which supply
line 23 extends.
[0024] As shown in Fig. 1, in this embodiment, the fuel
in the fuel tank 16 is sent to the fuel injection pump 17.
The fuel pressurized with the fuel injection pump 17 is
supplied to the chamber 25 through the supply line 23.
With the chamber 25, pressurized water from the second
nozzle portion 32 is injected. The generated water emul-
sion fuel made by the high pressure jet of the water is
injected into a combustion chamber of the burner appa-
ratus 12 from the combustion nozzle 22, and it burns.
[0025] When an abnormality occurs in either of the
combustion system 11 of the present embodiment, open
the flow quantity pressure electromagnetic valve 31 of
the circulation line 27, adjust the quantity of the main
liquid fuel which is adapted to quantity of air in the water
emulsion fuel, then an outbreak of black smoke is avoid-
ed. For example, in the case of the stopping of the high
pressure pump 34, there is confinement of the second
nozzle portion 32, blackout, pressure force abnormality,
the quantity of the main liquid fuel increases, the quantity
of air is short, and fumes are generated (except in the
case where an air self-regulation device is provided). As
an emergency measure: open the flow quantity pressure
electromagnetic valve 31, decrease the quantity of the
main liquid fuel to balance with the quantity of air, then
an outbreak of black smoke at the time of the abnormality
is prevented.
[0026] Also, in the case of the water emulsion fuel
which is high in water content, miss-firing (non-firing) is
prevented by the following methods. That is, while the
pre-purges (pressure force is stabilized) of the fuel injec-
tion pump 17, open the second electromagnetic valve 28
for several seconds, mix the main liquid fuel in the fuel
line 18, the fuel injection pump 17, the supply line 23 to
the chamber 25 and the water emulsion fuel which is high
in water content, miss-firing (non-firing) can thereby be
prevented. Miss-firing (non-firing) happens when the wa-
ter content is 20% or more, and when the water content
is 20% or less, miss-firing (non-firing) almost never oc-
curs. The operation adjustment of these burner appara-
tuses 12, water emulsion fuel apparatus 13 and high
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pressure pump apparatus 14 is conducted with a se-
quencer of control apparatus 15.
[0027] The phenomenon by which water becomes the
fine particles in the second nozzle portion 32 is described
below. According to the present invention, jet the high
pressured water into the fuel which flows through the
supply line 23 from the second nozzle portion 32 (minute
nozzle), and then, the water becomes fine particles by
the discharge speed (or momentum) of the jetted water
and the anti-power of the main liquid fuel, at the same
time, the fine particles of the water are dispersed to mix
in the fuel equally. The phenomenon of the present in-
vention, rearranged the theory of fine particles in the air
to that of a liquid. In the air, an average spot particle
diameter of 300mm is generally used, but, in liquids, they
become fine particles at a speed which is much faster
than in the air.
[0028] Alternatively, the combustion of the water emul-
sion fuel is improved over that of conventional combus-
tion based on the following principles. When the water
emulsion fuel is atomized in the combustor, the water
particles included in the fuel particles capture the heat in
the furnace, and the water particles are heated,
The water particles reach boiling point and a micro-ex-
plosion is caused, then the fuel particles existing around
the water particles atomize in seconds.
As in this way the fuel atomizes almost instantly, areas
in contact with the air greatly increase, almost perfect
combustion is accomplished, the outbreak of soot and
NOx in combustion effluent gas is restrained, and clean
combustion is enabled. Also by the increase in the con-
tact area between air and the fuel, the excessive air which
is necessary for combustion can be curtailed, thus, an
energy effect-saving is provided, too.
[0029] When petroleum fuel burns in the air, when it is
completely burnt, the main components of the combus-
tion gases are carbon dioxide, water, nitrogen oxide and
sulfur oxide, however, perfect combustion is really im-
possible, soot and carbon monoxide are exhausted in
addition to the other components, these are generated
by incomplete combustion, but, the components of in-
complete combustion can be controlled by making mix-
ture with the air better. That is, by adding the water into
fuel and increasing the mass of the spraying fuel, the
quantity of air involution into the fuel spraying bunch is
increased, and a partial excess air ratio of the fuel region
is raised, and thereby the combustion efficiency can be
improved.
[0030] Now, previously the combustion system 11 has
been built, the present inventors had a test which exam-
ined the most suitable condition regarding the pressure
force of the water to be added in relation to the pressure
force of the fuel.
The experiment was performed in form to examine the
relations between the difference in pressure between the
pressure force of the fuel (main liquid fuel) and the pres-
sure force of the water and the mean particle size (or
biggest particle size) of the water particles. The sample

of the water emulsion fuel in each condition was gathered
from the check bore 46 of the chamber 25.
[0031] The present inventors observed the dispersion
state of the water particles by microscope (VH5500 made
by KEYENCE Co. Ltd) for each sample, and measured
the mean particle size (or biggest particle size) of the
water particles. For example, FIG. 3 is a micrograph
(2,000 times), the particle diameter (mean particle size)
of the water particle was measured in such a micrograph
(an image). The area which does not show the grains of
a round water particle is that containing water particles
of 450nm or less or fuel. The particle diameter of the
water particle of code 1 ∼5 of Fig. 3 deal with the result
of measurement of No.1∼No.5 of Fig. 4.
[0032] Fig. 5 shows the graph which represents the
relations between the difference in pressure force of the
fuel (main liquid fuel) and the pressure force of the water,
and the mean particle size of the water particle. In Fig.
5, the part of I MPa in a cross axle indicates that pressure
force of the water to inject into the fuel (main liquid fuel)
in the second nozzle portion 32 is I MPa higher than the
pressure force of the fuel.
[0033] Alternatively mixed conditions are desirable for
fuel in a state of uniform water content where the diameter
of the water particle is smaller than the drop diameter of
the jetted fuel liquid as a form of the water particle in the
emulsion fuel. Thus, for a mean diameter of the fuel in-
jection droplet in the case of 30 mm∼50 mm, it is said that
the theoretical mean diameter of the water particle is 10
mm or less. In general, when the mean diameter of the
water particle is 14 mm or less, it can be used as water
emulsion fuel. It is said that a water particle with a mean
diameter size of 10mm or less is ideal as water emulsion
fuel.
[0034] According to the experiment result shown in Fig.
5, it is confirmed that when the pressure force of the water
is raised to that of the pressure force of the subject fuel,
the diameter of the water particles slowly become small.
Thus, on adding water to the fuel pressurized by the fuel
injection pump 1 7, for example, it is preferable to make
the pressure force of the water higher than the pressure
force of the fuel about 10MPa from 0.5MPa.
[0035] In the present embodiment, the combustion
system 11 comprises of the fuel tank 16, the fuel injection
pump 17 pressurizing fuel supplied from the fuel tank 16,
the first nozzle portion 22 jetting pressurized fuel into the
combustion chamber 12, the supply line 23 which con-
nects the first nozzle portion 22 and the pump 17 and
pressurized fuel passes, the joint portion 25 provided in
the middle of the supply line 23 to the vicinities of the first
nozzle portion 22, the supply unit 14 supplying water into
the supply line 23 through the joint portion 25, the second
nozzle portion 32 intervened between the supply unit 14
and the joint portion 25 atomizing and injecting water into
the joint portion.
[0036] According to this arrangement, that is, higher-
pressure water is mixed to pressurized fuel, and water
emulsion fuel is generated, then, the water emulsion fuel
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is held in a high-pressure state until used in the first nozzle
portion. Thereby, the internal pressure force of the water
particles by the surface tension is raised, the particles
collapse and the particles combination are prevented,
and the cohesion of water particles in the water emulsion
fuel can be prevented. Even more particularly, when
heavy oil is used as fuel, it may be necessary to heat the
fuel for reduce viscosity at all parts of the supply line 23,
however, according to the present embodiment, because
the water emulsion fuel exists in the supply line 23 in a
pressurized condition, even if the fuel is heated, water
particles in the water emulsion fuel do not evaporate.
[0037] Also, according to the present embodiment, be-
cause the water emulsion fuel is generated right before
being used in the first nozzle portion, water does not have
time to cohere in the water emulsion fuel, then, the water
emulsion fuel can be prevented from producing a mal-
function. Even more, according to the present embodi-
ment, a mixer and an exclusive pump for the water emul-
sion fuel, required conventionally, become unnecessary,
the equipment components required are simplified, cost
is lowered, and it can be made more compact, plus, ex-
isting facilities do not require major modification. Also,
because the water emulsion fuel can be generated with-
out using an expensive surfactant, the running cost of
the apparatus can be reduced.
[0038] The pressure force of the water is higher than
the pressure force of the pressurized fuel by about
0.5MPa∼10Mpa. According to this arrangement, the wa-
ter in the water emulsion fuel becomes fine particles by
the moment of the jet power of the water. Thereby, the
water particles in the fuel capture the heat in the com-
bustion chamber, and reaches boiling point, then a micro-
explosion is caused, the atomized grease drop (fuel ex-
isting around of fine water particle) becomes smaller,
thus, the areas that fuel comes in contact with air increas-
es, almost perfect combustion is accomplished, and
clean combustion enables the suppression of the out-
break of soot and N0x in the combustion effluent gas.
[0039] The joint potion 25 is positioned to the vicinities
of the first nozzle portion 22, specifically, the joint potion
25 is positioned close to the end of the first nozzle portion
22(combustion nozzle) in a range of one-third (more pref-
erably 10%∼20%) of the full length of supply line 23.
[0040] Also, the joint portion 25 is a chamber which
can be attached and detached to the supply line 23. Ac-
cording to this arrangement, fuel can be changed into
water emulsion fuel without the need to make large
changes to existing facilities, and the initial cost at the
time of the introduction can be reduced.
[0041] The second nozzle portion 32 is placed diago-
nally corresponding to the direction of extension of the
supply line 23. Thereby, water can be jetted at an angle
of uniformity to the flow direction of the fuel, turbulence
happens in the joint portion, mixture with the main liquid
fuel and water particle is promoted, and high quality water
emulsion fuel can be generated.
[0042] Alternatively in the first embodiment, as shown

in Fig 6, a diaphragm part 51 of the second embodiment
may be provided downstream of the second nozzle por-
tion 32 in the chamber 25 (joint portion).
[0043] Referring now to Fig. 6, the second embodiment
of the combustion system is described. The combustion
system 11 of the second embodiment is common with
the first embodiment except for the chamber 25 and the
second nozzle portion 32. Thus, a part unlike the first
embodiment is mainly described, about the first embod-
iment and the common part, Illustration is omitted, or ex-
planation is omitted. The combustion system 11 of the
second embodiment has constitution similar to the whole
constitution of the first embodiment shown in Fig. 1.
[0044] The chamber 25 (joint portion) is constructed to
supply lines the 23 of the existing boiler facilities detach-
ably. The chamber 25 has a first end 42 connected to
the upstream of the supply line 23, a second end 43 con-
nected to the downstream of the supply line 23, a first
part 44 which continues with the first end 42 and having
an inside diameter bigger than the inside diameter of the
supply line 23, a taper shaped second part 45 which con-
tinues with the first part 44 and the second end 43, and
a check bore 46 which is provided with the second end
43. A diaphragm part 51 is provided with the first part 44,
and the diameter of this diaphragm part 51 is smaller
than the other parts of the first part 44.
[0045] The second nozzle portion 32 has a plurality of
(e.g., three) second nozzles 32A. The number of the sec-
ond nozzles 32A may be two and but is preferably more
than four. The second nozzles 32A are provided with the
first part 44 for Part 1, and their placement is alternate
along the long distance direction (flow direction of the
fuel) of the supply line 23. Like the first embodiment, as
the second nozzle 32A, a standard straight nozzle (CP
small diameter nozzle 0.3mm) made by IKEUCHI Co.,
Ltd. is used, however, other type of nozzle can be used,
too.
In addition, the condition of pressure force of the fuel and
the pressure force of the water is similar to the first em-
bodiment. The diaphragm part 51 is provided with down-
stream of the second nozzle portion 32.
[0046] According to the present embodiment, the sec-
ond nozzle portion 32 has a plurality of second nozzle
32A, and the placement is alternate along the long dis-
tance direction of the supply line 23. According to this
arrangement, turbulence causes more easy in the joint
portion, the mixture with the main liquid fuel and the water
particle is further promoted.
[0047] The joint portion has the first portion 44 and the
diaphragm part 51, the first portion 44 provides the sec-
ond nozzle 32, the diaphragm part 51 is provided with
downstream of the second nozzle portion 32 of the first
part 44.
[0048] According to this arrangement, Karman’s vortex
can be generated in downstream of the diaphragm part
51, and the main liquid fuel and water particle are mixture,
water particles disperse in the main liquid fuel.
[0049] Referring now to Fig. 7, the third embodiment
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of the combustion system 11 is described. The combus-
tion system 11 of the third embodiment is common with
the first embodiment except the chamber 25 and the sec-
ond nozzle portion 32. Thus, a part unlike the first em-
bodiment is mainly described, about the first embodiment
and the common part, Illustration is omitted, or explana-
tion is omitted. The combustion system 11 of the third
embodiment has constitution like the whole constitution
of the first embodiment shown in Fig. 1.
[0050] The chamber 25 (joint portion) is constructed to
supply lines the 23 of existing boiler facilities detachably.
The chamber 25 has the first end 42 connected to up-
stream of the supply line 23, the second end 43 connect-
ed to downstream of the supply line 23, the first part 44
which continues with the first end 42 and having inside
diameter bigger than inside diameter of the supply line
23, the taper shaped second part 45 which continues
with the first part 44 and the second end 43, a collision
board 61, and the check bore 46 which is provided with
the second end 43. The collision board 61 is provided
with border of the first part 44 and the second part 45,
and oppose to the second nozzle portion 32.
[0051] The collision board 61 has a board-shaped part
62 and a projecting stub 63 to the second nozzle portion
32 from the board-shaped part 62. The whole shape of
the stub 63 is for example corn facing to the second noz-
zle portion 32, and the tip section is removed and the
shape of the tip becomes round.
[0052] The second nozzle portion 32 is formed along
the direction where the supply line 23 extends. Thus,
second nozzle portion 32 can jet high-pressure water
along the flow direction of the fuel.
[0053] The water jetted at high pressure from the sec-
ond nozzle portion 32 hits the collision board 61, crushed
instantly and becomes fine particles, then the water is
spread into the main liquid fuel. And a mixture and dis-
persion is promoted by Karman’s vortex (indicated with
an arrow in Fig. 7 typically) which occurs to the rear
(downstream) of the collision board 61. Alternatively
when quantity of jet of the water from the nozzle is large
and it must increase the diameter of the nozzle, the set-
ting of the collision board 61 may be necessary. On the
other hand, when there is little quantity of jet from the
nozzle, and a diameter of the nozzle is small, it may at-
omize by the pressure force jet like the first embodiment
without using collision board 61.
[0054] According to this arrangement, the chamber 25
has the first end 42 connected to upstream of the supply
line 23, the second end 43 connected to downstream of
the supply line 23, the first part 44 which continues with
the first end 42 and having inside diameter bigger than
inside diameter of the supply line 23, the second nozzle
portion provided with the first part 44, the taper shaped
second part 45 which continues with the first part 44 and
the second end 43, a collision board 61, and the check
bore 46 which is provided with the second end 43.
[0055] According to this arrangement, even if the col-
lision board 61 is provided in the chamber 25, the water

emulsion fuel which scattered a slight infinitesimal grain
of the water in the main liquid fuel can be generated.
Even more particularly, because backward (down-
stream) of the collision board, Karman’s vortex will be
generated, water particle and main liquid fuel can be
mixed efficiently, and it can disperse with water particles
in the main liquid fuel.
[0056] Referring now to Fig. 8, the fourth embodiment
of the combustion system is described. The combustion
system 11 of the fourth embodiment is common with the
first embodiment except a mixed liquid apparatus 71 is
provided and some constitution of the high pressure
pump apparatus 14 is different. Thus, a part unlike the
first embodiment is mainly described, about the first em-
bodiment and the common part, Illustration is omitted, or
explanation is omitted.
[0057] The combustion system 11 is provided with the
burner apparatus 12 (main liquid fuel operation appara-
tus) comprised of boilers, the water emulsion fuel appa-
ratus 13 generating water emulsion fuel, the high pres-
sure pump apparatus 14 supplying water to the water
emulsion fuel apparatus 13, the mixed liquid apparatus
71 (the second supply unit, the supply unit) and the con-
trol apparatus 15 controlling the burner apparatus 12, the
water emulsion fuel apparatus 13 ,the high pressure
pump apparatus 14 and the mixed liquid apparatus 71.
[0058] Even more particularly, the combustion system
11 has a second chamber 70 (second joint portion, joint
portion) and a spray nozzle 72 in upstream (fuel injection
pump 17 side) of the chamber 25 (joint portion) of the
middle of the supply line 23, the spray nozzle 72 con-
nected to the mixed liquid apparatus 71, and jets the sec-
ond fuel into the second chamber 70.
[0059] The mixed liquid apparatus 71 (second supply
unit, supply unit) can supply the second fuel unlike the
fuel (main liquid fuel) into the supply line 23. The mixed
liquid apparatus 71 has a storage / stirring tank 73 (stor-
age mixture tank, second fuel tank) which collects second
fuel unlike the main liquid fuel in inside, a third pump 74
which receives the second fuel from the storage / stirring
tank 73 and supplies the second fuel to the second cham-
ber 70, a second fuel line 75 which connects the second
chamber 70 and the third pump 74, a second return circuit
76 which returns the fuel from the second fuel line 75 to
the storage / stirring tank 73, a second flow quantity ad-
justment valve 77 provided in the middle of the second
return circuit 76, a third pressure gauge 78 provided in
the middle of the second fuel line 75, a second fuel flow
meter 81 provided in the middle of the second fuel line
75. A fourth electromagnetic valve 82 is intervened be-
tween the second chamber 70 and the mixed liquid ap-
paratus 71. The third pump 74 pressurizes the second
fuel via second fueling line 75, and pressure force of the
second fuel is made high pressure than the fuel (main
liquid fuel) through the supply line 23.
[0060] Also, a communication line 83 is provided be-
tween the water feed line 35 of the high pressure pump
apparatus 14 and the second fueling line 75 of the mixed
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liquid apparatus 71, a fifth electromagnetic valve 84 is
provided with the communication line 83. As an example
of the second fuel, various alcohol represented by etha-
nol or methanol, glycerin, BDF (registered trademark),
slipshod manufacture vegetable oil, discarded edible oil,
waste oil can use. Ethanol includes ethanol provided from
grains, sugar cane, the trees and plants. Also, BDF (reg-
istered trademark) and slipshod manufacture vegetable
oil is provided from discarded edible oil, palm, rape,
jatorofa, algae.
[0061] A combustion flow of the present embodiment
is described successively. The combustion flows de-
scribed below are different by the classification of the
blended fuel (second fuel) mixing to the main liquid fuel.

(In the case of using alcohol as a blended fuel)

[0062] At first when a blended fuel is alcohol such as
ethanol or methanol is described. The alcohol which was
mixed with any quantitative water beforehand is put into
the storage / stirring tank 73 beforehand. While continu-
ing stirring in storage / stirring tank 73, pour blended fuel
of any quantity into the second chamber 70. In this ex-
ample, like the second nozzle portion 32 of the first em-
bodiment is used for the spray nozzle 72. Then, an alco-
hol water solution is jetted at high pressure from the spray
nozzle 72 to fuel which flows through the supply line 23
(the jet pressure of the alcohol water solution, is higher
in the range 10MPa∼0.5MPa than the pressure force of
the fuel pressurized with the fuel injection pump 17).
The water in the alcohol water solution becomes fine par-
ticles by the discharge speed (or momentum) of the jetted
water and the anti-power of the main liquid fuel, at the
same time, the fine particles of the water are mixture to
disperse in fuel equally.
[0063] In this case, when there is extremely little mixed
quantity with the water the effect of the micro-explosion
of the water being provided not enough, predetermined
effect as the water emulsion fuel may not be provided,
thus, the most suitable water content should be found
based on combustion data. Alternatively when the blend-
ed fuel is alcohol like this example, because water is
mixed with alcohol beforehand, the high pressure pump
apparatus 14 to supply water is not required like first em-
bodiment.

(In the case of using glycerin as a blended fuel)

[0064] The case that assumed a blended fuel glycerin
is described successively.
A washing in water residual substance of KOH and NaOH
used in the alkali catalyst method of the purified process
of BDF(registered trademark), and a free fatty acid which
is produced by the BDF(registered trademark) refine-
ment of discarded edible oil may be incorporated into
glycerin, then the removal of these residual substances
and heat treatment is required.
[0065] In the state assuming these, put glycerin into

the storage / stirring tank 73, and fluidity is secured while
doing application of heat / stirring. The application of heat
unit does not illustrate, but the storage / stirring tank 73
and all parts of the second fuel line 75 are provided. As
for glycerin, any quantity is injected to fuel (main liquid
fuel) in the second chamber 70.
[0066] In this example, like the first embodiment, water
is jetted at high pressure from the second nozzle portion
32 to the fuel and the second fuel (glycerin) which flow
through the supply line 23. The jet pressure of the water
is higher in the range 10MPa∼0.5MPa than the pressure
force of the fuel pressurized with the fuel injection pump
17. The water becomes fine particles by the discharge
speed (or momentum) of the jetted water and the anti-
power of the main liquid fuel and second fuel, at the same
time, the fine particles of the water are mixture to disperse
in fuel equally.
[0067] Alternatively it leads to the cause of the trouble
when a glycerin mixture remains behind in the chamber
25 and in the supply line 23 or the circulation line 27.
Thus, injection of glycerin is stopped several minutes be-
fore stop of the main liquid fuel operation apparatus, and
it prevents glycerin from remaining behind. Also, the
spray nozzle 72 is cleaned with water to prevent becom-
ing shorter of the spray nozzle 72. When clean the spray
nozzle 72, close the fourth electromagnetic valve 82, and
open the fifth electromagnetic valves 84, thereby, supply
the high-pressure water to the communication line 83
from the high pressure pump apparatus 14, and clean
the inside of the spray nozzle 72 and the second chamber
70. Alternatively, because glycerin has higher viscosity
than other blended fuels, and heat capacity of glycerin
is small, a dilution ratio of the water and the balance of
the combustion effect are required.
[0068] (In the case of using slipshod manufacture veg-
etable oil, BDF (registered trademark), abolished edible
oil, waste oil as a blended fuel)
In addition, the blended oil is a slipshod manufacture veg-
etable oil, BDF (registered trademark), abolished edible
oil, or waste oil, application of heat is required since it
cannot add the water to these blended oil.
At first removed garbage beforehand of heating, then put
the blended fuel into the storage / stirring tank 73. While
it is stirred, the fuel heated by application of heat unit (not
shown) is sent from the third pump 74 to the second
chamber 70,
if viscosity adjustment is made by application of heat,
these fuel does not have a serious influence to the main
liquid fuel. However, air management and a fuel dis-
charge condition become constant the one that is high
in the mixed nature. Thus, the diameter of spray nozzle
72 is larger than the diameter of the second nozzle portion
32, the pressure of the spray nozzle 72 is lower than the
pressure of the water jetted from the second nozzle por-
tion 32 and higher than the pressure of main fuel, it should
disperse in this condition. The particle diameter of a par-
ticle jetted from spray nozzle 72 does not so have to
worry. The measures after the injection stop give treat-

13 14 



EP 2 889 538 A1

9

5

10

15

20

25

30

35

40

45

50

55

ment like glycerin to prevent becoming shorter of the
spray nozzle 72.
[0069] After injection of BDF (registered trademark)
like the first embodiment, water is jetted at high pressure
from the second nozzle portion 32 to the BDF which flows
through the supply line 23. The jet pressure of the water
is higher in the range 10MPa∼0.5MPa than the pressure
force of the fuel pressurized with the fuel injection pump
17. The water becomes fine particles by the discharge
speed (or momentum) of the jetted water and the anti-
power of the main liquid fuel and second fuel, at the same
time, the fine particles of the water are mixture to disperse
in fuel equally, then water emulsion fuel is generated.
[0070] According to the fourth embodiment, the com-
bustion system 11 comprises a second joint portion and
a second supply unit. The second joint portion is located
to the vicinities of the joint portion of the supply line 23,
the second supply unit supplies second fuel unlike the
fuel into the supply line 23 through the second joint por-
tion.
[0071] According to this arrangement, it is possible to
mix the second fuel that the kind is different from to the
fuel (main liquid fuel). In addition, because the water sup-
ply unit is connected to the second joint portion, it is pos-
sible to wash the second joint portion using the water of
the supply unit. Thereby, when high viscosity fuel is used
as the second fuel, the choke of the second joint is pre-
vented, long-term stable operation and smooth use of
the combustion system 11 can be enabled.
[0072] According to the fourth embodiment, the com-
bustion system 11 comprises of the fuel tank 16, the fuel
injection pump pressurizing fuel supplied from the fuel
tank, the first nozzle portion jetting pressurized fuel into
the combustion chamber, the supply line 23 which con-
nects the first nozzle portion and the pump and pressu-
rized fuel passes, the joint portion provided in the middle
of the supply line 23 to the vicinities of the first nozzle
portion, and the second nozzle portion 32 intervened be-
tween the supply unit and the joint portion atomizing and
injecting alcohol water solution into the joint portion.
[0073] According to this arrangement, when mix the
different fuel (alcohol) with the main liquid fuel, and have
an intention to use as fuel, mixture of two kinds of fuel
and emulsion of the mixed fuel can be performed in a
lump, then it becomes not necessary to add only water
separately, and the structure of the combustion system
can be simplified. In addition, initial cost can be reduced
when an emulsion apparatus is introduced to existing
facilities.
[0074] Also, in late years, bio-fuel (vegetable oil) at-
tracts attention, but the amount of production of the bio-
fuel is short to the main liquid fuel (petroleum) absolutely.
Therefore for the purpose of environmental load reduc-
tion, the next dozens of years, mixed combustion to burn
the blended fuel which mixed the main liquid fuel and bio-
fuel attracts attention. Alternatively ethanol is one in bio-
fuel.
Bio-fuel includes ethanol, glycerin, BDF(registered trade-

mark), slipshod manufacture vegetable oil (low work
piece comprising palm or jatropha), discarded edible oil.
[0075] However, it does not dissolve with the main liq-
uid fuel (light oil, heavy oil A, heavy oil C) and vegetable
ethanol, thus, mixed combustion cannot perform simply.
Glycerin does not dissolve in the main liquid fuel (light
oil, heavy oil A, heavy oil C) likewise, too. According to
the constitution of the present invention, the mixed com-
bustion that mixed alcohol (or glycerin) with fuel (main
liquid fuel) is implemented, moreover, combustion effi-
ciency improves by water emulsion. Also, the situation
will change in future and the supply system of the vege-
table oil is set, change of the ratio of the second fuel
(vegetable oil) to the fuel (main liquid fuel) becomes easy,
too.
[0076] Referring now to Fig. 9, the fifth embodiment of
the combustion system is described. The combustion
system 11 of the fifth embodiment is common with the
first embodiment except an application object is a ship.
Thus, a part unlike the first embodiment is mainly de-
scribed, about the first embodiment and the common
part, Illustration is omitted, or explanation is omitted.
[0077] The combustion system 11 comprises of the fu-
el tank 16 which collects fuel (main liquid fuel, e.g., pe-
troleum) inside, a booster pump 91 receiving fuel from
the fuel tank 16, the fuel line 18 which connects a booster
pump 91 to the fuel tank 16, the first flow meter 21 pro-
vided with the fuel line 18, the first pressure gauge 24
provided in the middle of the fuel line 18, a flow quantity
control valve 92 regulating flow quantity of fuel sent from
the booster pump 91, a fuel injection pump 93 which jets
fuel pressurized with booster pump 91 into a ship engine
94, the supply line 23 which connects fuel the injection
pump 93 and the booster pump 91, the ship engine 94
(engine) having a combustion chamber, a fuel return line
95 to which extra fuel is returned from the fuel injection
pump 93, a third flow meter 96 provided with the fuel
return line 95, the chamber 25 (joint portion) provided in
the middle of the supply line 23 to the vicinities of the fuel
injection pump 93, the high pressure pump apparatus 14
(supply unit) supplying water into the supply line 23
through the chamber 25 (joint portion),a nozzle portion
97 existed among between the high pressure pump ap-
paratus 14 and the chamber 25.
[0078] The constitution of nozzle portion 97 is almost
similar to the constitution of the second nozzle portion
32 of the first embodiment, for example, a standard
straight nozzle (orifice diameter: CP small hole diameter
nozzle 0.3mm) is adopted.
[0079] In this embodiment, the fuel return line 95 is not
connected to the service tank like the fueling system in
the conventional ship, but the fuel return line 95 is con-
nected to the suction side (upstream) of the booster pump
91. Therefore, water in the water emulsion fuel does not
becomes to the steam in the service tank, and it is pre-
vented that the steam is collected in the service tank.
Also, for example, the fuel collected in the fuel tank 16
for ship engine use is often heavy oil (e.g., C heavy oil).
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[0080] The pressure force of the fuel which is pressu-
rized with the booster pump 91, and passes the supply
line 23 is for example 0.5MPa, this pressure force is pref-
erable within 5MPa∼0.5MPa. The pressure force of the
fuel is made about 200MPa by the fuel injection pump
93. The common pressure force of the fuel injection pump
93 is in the range of 200MPa∼5MPa, the pressure force
of the fuel to pressurize by the fuel injection 93 of the
present embodiment can be set appropriately in this
range. From the booster pump 91 between to the fuel
injection pump 93, that is, the supply line 23 is heated in
the range of 80°C∼150°C.
However, water particles in the water emulsion fuel do
not evaporate by pressure force given by the booster
pump 91.
[0081] The high pressure pump apparatus 14 has the
water reservoir 33 to collect water in inside, the high pres-
sure pump 34 (pump) which receives water from the wa-
ter reservoir 33 and send the pressurized water to the
nozzle portion 97, the water feed line 35 which connects
the second nozzle portion 32 and the high pressure pump
34, the return circuit 36 which returns the water from the
water feed line 35 to the water reservoir 33, the flow quan-
tity adjustment valve 37 provided in the middle of return
circuit 36, the second pressure gauge which is not illus-
trated provided in the middle of water feed line 35, the
second flow meter 38 provided in the middle of water
feed line 35. For example, the pressure force of the water
pressurized with the high pressure pump 34 is 1.5MPa,
This pressure force can be set higher than the pressure
force of the fuel pressurized with the booster pump 91
appropriately 5MPa∼10MPa. The third electromagnetic
valve 41 is intervened between the chamber 25 and the
high pressure pump apparatus 14.
[0082] In this embodiment, the fuel in the fuel tank 16
is sent to the booster pump 91, the booster pump 91
pressurizes the fuel, the flow quantity control valve 92
regulates the flow quantity of the fuel, the fuel is supplied
to the fuel injection pump 93 through the supply line 23.
In the chamber 25, pressurized water is jetted into the
fuel from the nozzle portion 97. The water becomes fine
particles by the discharge speed (or momentum) of the
jetted water and the anti-power of the main liquid fuel, at
the same time, the fine particles of the water are mixture
to disperse in fuel equally. The water emulsion fuel gen-
erated as above is sent to the fuel injection pump 93, and
is jetted into the combustion chamber of the ship engine
94 by the injection nozzle which is not illustrated, and the
water emulsion fuel is burnt. If the water emulsion fuel is
used with ship engine 94, discharge such as Nox or the
soot is reduced. The water emulsion fuel which was not
used in the fuel injection pump 93 is returned to the suc-
tion side (upstream) of the booster pump 91 through the
fuel return line 95. Alternatively, in the combustion sys-
tem 11 of the present embodiment, to keep the water
content of the water emulsion fuel constantly, when the
ratio of the water emulsion fuel returned from the fuel
return line 95 becomes higher to the main liquid fuel,

reduce the quantity of the water to supply into the nozzle
portion 97 (chamber 25), and water content is kept con-
stantly.
[0083] According to the fifth embodiment, the combus-
tion system 11 comprises:

the fuel tank 16, the booster pump 91 pressurizing
fuel supplied from the fuel tank 16, the fuel injection
pump 93 which jets the fuel pressurized with the
booster pump 91 into the engine, the supply line 23
which connects the fuel injection pump 93 and the
booster pump 91 and pressurized fuel passes this
line, the joint portion provided in the middle of supply
line 23 to the vicinities of the fuel injection pump 93,
the supply unit supplying water into supply line 23
through the joint portion, the nozzle portion 97 which
is intervened between the supply unit and the joint
portion, the nozzle portion 97 atomizes and jets the
water to the joint portion.

[0084] According to this arrangement, the water emul-
sion fuel is generated by adding high-pressure water to
the pressurized fuel, in which the pressure of the water
is higher than the pressure of the fuel, this high-pressure
state can be maintained until the water emulsion fuel is
used at the fuel spout pump 93.
In the state of fine particles, the internal pressure force
of the water particle by the surface tension becomes high,
particle collapse and particle combination are prevented,
and the cohesion of the water in the water emulsion fuel
can be prevented. Usually, the pressure force of the fuel
between the booster pump 91 and the fuel injection pump
93 is about in a range of 5MPa∼1.0MPa.
And the supply line 23 between the booster pump 91 and
the fuel injection pump 93the is heated in the range of
80°C∼150°C. However, water particles in the water emul-
sion fuel do not evaporate by pressure force in the range.
[0085] Also, according to the present embodiment, be-
cause the water emulsion fuel is generated right before
the use at the fuel injection pump 93, there is not a time
for water in the water emulsion fue to be cohesion. Thus,
the water emulsion fuel can prevent from producing
above malfunction. In addition, according to the present
embodiment, a mixer and a pump for exclusive use of
the water emulsion fuel which are necessary convention-
ally become unnecessary, equipment component is sim-
plified, and cost can be reduced. And, a large modification
is not required to the existing facilities of the ship. Also,
because the water emulsion fuel can be generated with-
out using an expensive surfactant, the running cost of
the apparatus can be reduced.
[0086] The joint portion is positioned to the vicinities of
the injection nozzle portion 93, specifically, the joint por-
tion 25 is positioned where close to the end of the injection
nozzle portion 93 in a range of one-third (more preferably
10%∼20%) of the full length of the supply line 23.
[0087] In addition, regarding to the ship, the reduction
demand of the NOx accelerates year by year. IMO (in-
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ternational maritime organization) demands to fit to the
secondary regulation (IMO MARPOL treaty) for the ship
constructed after 2011 and having engines output 130kw
or more. And, each engine maker competes toward the
third regulation of 2016. However, the technical relative
difficulty to adapt to the third regulation is extremely high,
An apparatus regarded as rose color includes SCR ap-
paratus and E G R apparatus currently.
According to the present embodiment, there becomes
little maintenance number of times with the reduction of
the quantity of soot, or the consumption of an expensive
reducing agent (ammonia) is reduced by N0x reduction,
and low cost can be become in SCR apparatus. In the
recent announcement, it is reported that N0x quantity
can be reduced to the level that is almost a regulation
level of 2016 by using emulsion fuel together in EGR
apparatus. Because the apparatus structure is only to
inject water, it is downsized, and the setting space is
around 0.5m2, also pitch difference and distance with
the ship engine 94 do not become disadvantageous, too.
There is a superiority that it can construct the system of
the present invention in a postscript even if in a narrow
engine room or on a deck portion of the ship.
[0088] In addition, in the first to fifth embodiment, trans-
formation enforcement is possible with the present in-
vention in various ways without departing from the sub-
ject matter of the invention. Also, the constitution of the
different embodiment is put together, and new invention
can be comprised.

[Explanations of the Letters and Numerals]

[0089] 11 ... combustion system, 14 ... high pressure
pump apparatus, 16 ... fuel tank, 17 ... fuel injection
pump, 22 ... combustion nozzle, 23 ... supply line, 25 ...
chamber, 32...the second nozzle portion, 32A...second
nozzle, 42...first end, 43...second end, 44 ... first part,
45 ...second part, 51...diaphragm portion, 61 ... collision
board, 70... second chamber, 71 ... mixture liquid appa-
ratus, 72 ... spray nozzle, 91 ... booster pump, 93 ... fuel
injection pump, 97 ... nozzle portion.

Claims

1. A combustion system provided with a fuel tank, a
pump for adding pressure to fuel supplied from the
fuel tank, a first nozzle portion for spraying the pres-
surized fuel in the combustion chamber, a supply
pipe for coupling the first nozzle portion and the
pump, and through which the pressurized fuel flows,
a connection portion provided along the supply pipe
near the first nozzle portion, a supply unit for supply-
ing water to the supply pipe via the connection part,
and a second nozzle portion interposed between the
supply unit and the connection portion for atomizing
water and spraying in the connection portion.

2. A combustion system according to the claim 1 in
which the pressure force of the water is higher than
the pressure force of the pressurized fuel in a range
of 0.5MPa∼10MPa.

3. A combustion system according to the claim 2 in
which the joint portion is the chamber which can be
attached and detached to the supply line.

4. A combustion system according to the claim 3 in
which the second nozzle portion is provided in either
direction of a direction at right angles or the diagonal
direction to the direction which the supply line ex-
tends to.

5. A combustion system according to the claim 4 in
which the second nozzle portion includes a plurality
of second nozzles, the second nozzles are placed
in the alternation comply in a direction of extension
of the supply line.

6. A combustion system according to the claim 5 in
which the joint portion has a first part provided with
the second nozzle portion and a diaphragm portion,
the diaphragm portion is located in downstream than
the second nozzle portion of the first part, and the
inside diameter of the diaphragm portion is smaller
than the other points of the first part.

7. A combustion system according to the claim 3 having
a second joint portion and a second supply unit, the
second joint portion is located in upstream and near
the joint portion of the supply line, and the second
supply unit supplies a second fuel unlike the fuel into
the supply line through the second joint portion, the
supply unit is connected to the second joint portion.

8. A combustion system according to the claim 3 in
which the chamber comprises a first end connected
to the upstream of the supply line,
a second end connected to the downstream of the
supply line,
a first part which is continued with the first end and
having large internal diameter than the internal di-
ameter of the supply line and provided with the sec-
ond nozzle portion,
a second part which is continued with the first part
and the second end, and made a taper shape, and
a collision board opposed to the second nozzle por-
tion and located in the border of the first part and the
second part.

9. A combustion system provided with :

a fuel tank,
a pump for adding pressure to fuel supplied from
the fuel tank,
a first nozzle portion for spraying the pressurized
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fuel in the combustion chamber,
a supply pipe for coupling the first nozzle portion
and the pump, and through which the pressu-
rized fuel flows,
a connection portion provided along the supply
pipe near the first nozzle portion,
a supply unit for supplying alcohol water solution
to the supply pipe via the connection portion, and
a injection nozzle interposed between the sup-
ply unit and the connection portion for atomizing
alcohol water solution and spraying into the con-
nection portion.

10. A combustion system provided with:
a fuel tank,
a booster pump pressurizing fuel received from the
fuel tank,
a fuel injection pump which jets fuel pressurized with
the booster pump into a engine,
a supply line which connects fuel the injection pump
and the booster pump, and through which the pres-
surized fuel flows,
a joint portion provided in the middle of the supply
line near of the fuel injection pump,
a supply unit supplying water into the supply line
through the joint portion, and
a nozzle portion existed among between the supply
unit and the joint portion which atomizes water and
jets it into the joint portion.
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