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@ System and method for feeding fuel to a fine-particle-mixed fuel burning diesel engine.

@ An improved system and method for feeding
fuel, which obviates the shortcomings of the fuel
feeding system in the prior art, in which mixed fuel
consisting of fine particles of solid fuel such as
pulverized coal or the like and fuel oil, is directly
sent under a pressure by means of a high-pressure
pump but seizure of a pump plunger is caused, and
which enables the fuel feeding system in the prior
art to achieve good operations, are disclosed. A
predetermined amount of fuel oil containing fine par-
ticles of solid fuel is fed into an oil reservoir (12)
within an injection valve (9) through a control valve
(16), and this fuel oil is injected through a nozzle
hole (10) of the injection valve (9) with the aid of oil
pressurized by means of a high-pressure pump (3).

Thereby, only the above-mentioned fuel oil is in-
jected, but the above-described pressurized oil is not
injected, and also it never occurs that the aforemen-
tioned fuel oil enters the high-pressure pump (3),
resulting in seizure of a plunger of the pump. The oil
fed to the oil reservoir (12) is returned to an oil tank
(1) via a circulation valve (21), and so, deterioration
of the oil can be precluded. In addition, since the
control valve (16) is regulated by a signal indicating
a position of a control rack which controls a delivery
amount of the high-pressure pump (3), fuel oil of the
amount corresponding fo the delivery amount of the
high-pressure pump (3) is sent to the aforemen-
tioned oil reservoir (12), and so, only the above-
mentioned fuel oil can be reliably injected.
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BACKGROUND OF THE INVENTION:
Field of the Invention:

The present invention relates to a system and
a method for feeding fuel fo a diesel engine which
make use of fuel oil containing fine particles of
solid fuel such as pulverized coal or the like.

Description of the Prior Art:

In a conventional diesel engine, as shown in
Fig. 2 fuel oil is fed from a fuel tank 101 through a
fuel feed pump 102 to a fuel injection pump 103,
then it is introduced into a fuel valve 108 as high-
pressure fuel, and it is injected from a nozzle hole
109 into a combustion chamber of the engine, but
in the case where in place of fuel for use in a
diesel engine, mixed fuel consisting of pulverized
coal and water or fuel oil is pressurized to a high
pressure and injected to be burnt, seizure of a
plunger would occur due to solid material of the
mixed fuel within a plunger chamber and continued
operations of the engine could not be effected.

It is to be noted that in Fig. 2, reference
numeral 104 designates a plunger accommodated
within a barrel 105 of a fuel injection pump 103,
numeral 106 designates a delivery valve of the fuel
injection pump 103, numeral 107 designates a feed
pipe of fuel, numeral 110 designates a needle valve
of the fuel injection valve 108, numeral 111 des-
ignates an oil reservoir provided on the upstream
side of the needle valve 110 within the fuel injec-
tion valve 108, and numeral 112 designates a
spring for biasing the needle valve 110.

Inherently, in a high-pressure fuel injection
pump, fuel having solid material contained therein
filtered out is employed, and it is improper in view
of the mechanism of fuel injection to directly feed
mixed fuel consisting of solid material of pulverized
coal and fuel oil in itself to a fuel injection pump,
because of occurrence of seizure of a plunger.

SUMMARY OF THE INVENTION:

It is therefore one object of the present inven-
tion to provide a system and a method for feeding
fuel to a fine-particle-mixed fuel burning diesel en-
gine, which obviate the above-described shortcom-
ing of those in the prior art that seizure of a pump
plunger would occur, and which can achieve good
operations even if mixed fuel consisting of fine
particles of solid fuel and fuel oil is employed.

According to one feature of the present inven-
tion, there is provided a fuel feed system for a fine-
particle-mixed fuel burning diesel engine, in which
fuel oil containing fine particles of solid fuel is
employed for a diesel engine to be burnt, which
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comprises an injection valve (9) including a needle
valve (11) for opening and closing a path between
an oil reservoir (12) and a nozzle hole (10), a fuel
feed pipe (15) between the oil reservoir (12) of the
injection valve and a fuel tank (19) for fuel contain-
ing fine particles, a control valve (16) for controlling
the amount of fuel flowing through the fuel feed
pipe (15) a check valve (13) provided within the
injection valve (9) to allow only the flow of fuel
flowing from the control valve (16) towards the oil
reservoir (12), a high-pressure pump (3) for pres-
surizing oil within an oil tank (1) and feeding it fo
the injection valve (9), a pressure wave propagation
pipe (8) connecting between a delivery port of the
high-pressure pump (3) and the oil reservoir (12) in
the injection valve (9), a circulation valve (21) for
opening and closing the pressure wave propagation
pipe (8), and a control device (20) for controlling
opening and closing of the circulation valve and the
control valve (16).

According to another feature of the present
invention, there is provided the above-feature fuel
feed system for a fine-particle-mixed fuel burning
diesel engine, which comprises a control rack de-
tector (23) for detecting a position of a control rack
(24) which controls a delivery amount of the high-
pressure pump (3) and for inputting a detection
signal to the control device (20).

According to yet another feature of the present
invention, there is provided a method for feeding
fuel to a fine-particle-mixed fuel burning diesel en-
gine, in which fuel oil containing fine particles of
solid fuel is employed for a diesel engine to be
burnt, which comprises steps of feeding fuel con-
taining fine particles of solid fuel within a fuel tank
(19) to an oil reservoir (12) within an injection valve
from the side of a needle valve seat of the injection
valve through a check valve (13) by means of a
pump (18), pressurizing the fuel within the oil reser-
voir by high-pressure oil which has been pressur-
ized by a high-pressure pump (3) and which has
passed through a pressure wave propagation pipe
(8), and injecting the fuel through a nozzle hole (10)
of the injection valve.

According to still another feature of the present
invention, there is provided the last-featured meth-
od for feeding fuel to a fine-particle-mixed fuel
burning diesel engine, which comprises the steps
of inputting a signal issued from a control rack
detector (23) provided to detect a position of a
control rack (24) for controlling a delivery amount
of the high-pressure pump (3) to a control device
(20), controlling a sending amount of fuel contain-
ing fine particles of solid fuel sent out from the
pump (18) so as to meet with the delivery amount
of the high-pressure pump (3) by controlling a
control valve (16) by means of the control device
(20), and sending the fuel containing particles of
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solid fuel into the oil reservoir (12) within the injec-
tion valve through the check valve (13).

According to the present invention provided
with the above-described features, fuel containing
fine particles of the amount controlled by the con-
trol valve which is in turn controlled by the control
device, is sent from the fuel tank through the fuel
feed pipe to the oil reservoir in the fuel injection
valve. On the other hand, the oil within the oil tank
is pressurized by the high-pressure pump, and a
pressure wave of the oil is transmitted to the
above-mentioned oil reservoir through the pressure
wave propagation pipe, and the above-mentioned
fuel containing fine particles which is present within
the oil reservoir is injected through the nozzle hole
of the injection valve. When this injection has fin-
ished, the oil sent to the injection valve through the
circulation valve controlled by the control device is
returned to the oil tank, and so, deterioration of the
oil can be precluded. In this way, fuel containing
fine particles is never fed to the high-pressure
pump, hence seizure of the plunger of the same
pump does not occur, and also, only the fuel
containing fine particles is injected through the
nozzle hole of the injection valve.

In addition, according to the present invention,
owing to the additional feature that a detection
signal issued from the control rack detector for
detecting a position of the control rack which con-
trols a delivery amount of the high-pressure pump
is input to the control device, and the amount of
fuel containing fine particles to be fed to the oil
reservoir is controlled on the basis of the amount of
oil delivered from the high-pressure pump by the
control device, only the same fuel containing fine
particles is surely injected through the nozzle hole
of the injection valve, and the oil propagating the
pressure wave can be prevented from being in-
jected through the nozzle hole.

The above-mentioned and other objects, fea-
tures and advantages of the present invention will
become more apparent by reference to the follow-
ing description of preferred embodiments of the
invention taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

In the accompanying drawings:
Fig. 1 is a schematic view showing one pre-
ferred embodiment of the present invention; and
Fig. 2 is a schematic view showing one example
of a fuel injection system for a diesel engine in
the prior art.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENT:

Now one preferred embodiment of the present
invention will be described with reference to Fig. 1.
In this figure, reference numeral 1 designates an oil
tank which accommodates oil for propagating a
pressure wave to a fuel valve, numeral 2 des-
ignates an oil feed pump, numeral 3 designates a
high-pressure injection pump, numeral 4 desig-
nates a plunger, numeral 5 designates a barrel,
numeral 6 designates a delivery valve, numeral 7
designates a pressure-regulating check valve, nu-
meral 8 designates a pressure wave propagation
pipe, numeral 9 designates a fuel injection valve,
numeral 10 designates a nozzle hole, numeral 11
designates a needle valve, numeral 12 designates
an oil reservoir section, numeral 13 designates a
check valve, numeral 14 designates a spring, nu-
meral 15 designates a feed pipe, numeral 16 des-
ignates a control valve, numeral 17 designates a
fuel feed pipe, numeral 18 designates a fuel feed
pipe, numeral 19 designates a fuel tank for fuel
containing fine particles of coal, numeral 20 des-
ignates a control device, numeral 21 designates a
circulation valve, numeral 21' designates a drive
motor controlled by the control device 20, numeral
22 designates a circulation pipe, and numeral 23
designates a control rack detector for detecting a
position of a control rack 24 which controls a
delivery amount of the high-pressure injection
pump.

Fuel containing fine particles of coal is fed by
the fuel feed pump 18 from the fuel tank 19
through the fuel feed pipe 17 and enters the control
valve 16, and during a pause period of fuel injec-
tion and after circulation of the oil in the pressure
propagation pipe 8 has finished, a predetermined
amount of fuel containing fine particles of coal is
sent into the fuel injection valve 9 through the feed
pipe 15. At this time, representing a valve-opening
pressure of the pressure-regulating check valve 7
in the high-pressure injection pump 3 by Pg, a
valve-opening pressure of the check valve 13 by
Pp and a valve-opening pressure of the needle
valve 11 by Py, and if these values are preset so
as to fulfil the relations of Py > Pp > Pg, the fuel
fed from the fuel tank 19 would pass through the
check valve 13 and would flow into the oil reservoir
section 12 in the fuel injection valve 9. Conse-
quently, the oil for use in propagation of a pressure
which was present in this oil reservoir section, is
pushed back towards the high-pressure injection
pump 3 through the pressure wave propagation
pipe 8, and flows inversely into the barrel (plunger
chamber) 5 by forcibly opening the pressure-regu-
lating check valve 7.
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In addition, by detecting a position of the con-
frol rack 24 for controlling a delivery amount of
high-pressure oil by means of the control rack
detector 23 and inputting the detection signal fo the
control device 20 for controlling an opening/closing
timing period of the control valve 16, an appro-
priate amount of fuel containing fine particles of
coal is filled in the oil reservoir section 12.

Under the above-mentioned condition, when
the plunger 4 in the high-pressure fuel pump 3
rises to push up the delivery valve 6 and oil feed
starts, the oil for propagating a pressure wave is
sent through the pressure, wave propagation pipe 8
to the side of the fuel injection valve 9, the pres-
sure in the oil reservoir section 12 rises higher than
the pressure Py, hence the needle valve 11 opens
against the resilient biasing force of the spring 14,
and injection through the nozzle hole 10 commen-
ces.

At this time, fuel of the amount corresponding
to the position of the control rack of the high-
pressure injection pump has been preliminarily fed
into the oil reservoir section, the oil for use in
pressure wave propagation is not injected. Also,
since the check valve 13 is closed, even if a high
pressure is applied the fuel does not flow inversely
towards the fuel tank.

After finishment of the fuel injection, the cir-
culation valve 21 is opened via the drive motor 21'
as controlled by the control device 20, thereby the
oil for use in pressure wave propagation is cir-
culated via the circulation pipe 22 to the oil tank 1,
and so, deterioration of the oil can be prevented.

As will be apparent from the description of the
preferred embodiment above, according to the
present invention, owing to the above-mentioned
structural feature, fuel containing fine particles of
solid fuel can be injected at a high pressure from
an injection valve into a combustion chamber with-
out introducing such fine-particle-mixed fuel into a
barrel (plunger chamber) in a high-pressure pump.

Accordingly, seizure of a high-pressure pump
plunger caused by fine particles of solid fuel having
a high hardness can be precluded, and in addition,
since provision is made such that the oil for propa-
gating a pressure wave from a high-pressure pump
is also circulated, the fault in propagation of a
hydraulic pressure due to deterioration of oil can
be also eliminated.

While a principle of the present invention has
been described above in connection to one pre-
ferred embodiment of the invention, it is intended
that all matter contained in the above description
and illustrated in the accompanying drawings shall
be interpreted to be illustrative and not as a limita-
tion to the scope of the present invention.
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Claims

1.

A fuel feed system for a fine-particle-mixed
fuel burning diesel engine, in which fuel oil
containing fine particles of solid fuel is em-
ployed for a diesel engine to be burnt; char-
acterized in that said system comprises an
injection valve (9) including a needle valve (11)
for opening and closing a path between an oil
reservoir (12) and a nozzle hole (10), a fuel
feed pipe (15) between the oil reservoir (12) of
said injection valve and a fuel tank (19) for fuel
containing fine particles, a control valve (16)
for controlling the amount of fuel flowing
through said fuel feed pipe (15), a check valve
(13) provided within said injection valve (9) to
allow only the flow of fuel flowing from the
control valve (16) towards the oil reservoir (12),
a high-pressure pump (3) for pressurizing oil
within an oil tank (1) and feeding it to the
injection valve (9), a pressure wave propaga-
tion pipe (8) connecting between a delivery
port of said high-pressure pump (3) and the oil
reservoir (12) in the injection valve (9), a cir-
culation valve (21) for opening and closing said
pressure wave propagation pipe (8), and a
control device (20) for controlling opening and
closing of said circulation valve (21) and said
control valve (16).

A fuel feed system for a fine-particle-mixed
fuel burning diesel engine as claimed in Claim
1; characterized in that said system comprises
a control rack detector (23) for detecting a
position of a control rack (24) which Controls a
delivery amount of said high-pressure pump
(3) and for inputting a detection signal to said
control device (20).

A method for feeding fuel to a fine-particle-
mixed fuel burning diesel engine, in which fuel
oil containing fine particles of solid fuel is
employed for a diesel engine to be burnt;
characterized by steps of feeding fuel contain-
ing fine particles of solid fuel within a fuel tank
(19) to an oil reservoir (12) within an injection
valve from the side of a needle valve seat of
said injection valve through a check valve (13)
by means of a pump (18), pressurizing the fuel
within said oil reservoir by high-pressure oil
which has been pressurized by a high-pres-
sure pump (3) and which has passed through,
a pressure wave propagation pipe (8), and
injecting the fuel through a nozzle hole (10) of
the injection valve.

A method for feeding fuel to a fine-particle-
mixed fuel burning diesel engine as claimed in
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Claim 3; characterized by steps of inputting a
signal issued from a control rack detector (23)
provided to detect a position of a control rack
(24) for controlling a delivery amount of the
high-pressure pump (3) to a control device 5
(20), controlling a sending amount of fuel con-
faining fine particles of solid fuel sent out from
said pump (18) so as to meet with the delivery
amount of said high-pressure pump (3) by
controlling a control valve (16) by means of 10
said control device (20), and sending said fuel
containing fine particles of solid fuel into the oil
reservoir (12) within the injection valve through
the check valve (13).
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Fig. 2. l(Prior Art)
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