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(57) Provided is a mixed fuel supply system config-
ured by providing a DME tank (a liquefied gas fuel storage
tank) 14 which stores DME and a DME supply path (a
liquefied gas fuel supply path) 15 which supplies the DME
in addition to a configuration of a light oil supply system
8 of a conventional technique, in which the DME supply
path 15 is connected to a transfer path 7 between a feed
pump 4 and a fuel injection pump 6a, and the DME supply
path 15 includes a flow regulating valve 16, in which a
supply amount QDME of the DME is regulated to be ap-

proximately 10% of a total supply amount Qfuel of a mixed
fuel in weight ratio by the flow regulating valve 16, and
the mixed fuel mixed in the transfer path 7 is transferred
to the fuel injection pump 6a, and then injected from in-
jectors 5. This makes it possible to supply the mixed fuel
obtained by mixing the liquid fuel and the liquefied gas
fuel to an internal combustion engine by utilizing the fuel
supply circuit and the fuel injection circuit for the liquid
fuel as they are without making significant modifications.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a mixed fuel supply system for an internal combustion engine, a vehicle, and
a mixed fuel supply method for an internal combustion engine, for supplying a mixed fuel obtained by mixing a liquid
fuel, such as light oil, and a liquefied gas fuel, such as dimethyl ether (hereinafter referred to as DME) to an internal
combustion engine.

BACKGROUND ART

[0002] Liquefied gas fuels such as dimethyl ether (DME) have attracted attention for use as alternative fuels to liquid
fuels such as light oil, which is used for diesel engines. The DME is a fuel having a high cetane number, and also having
a low environmental load as, for example, generating no sulfur oxides or soot and allowing a significant reduction of the
amount of nitrogen oxides to be generated. To utilize the DME as a fuel for diesel engines, there are a case of replacing
100% of the light oil with the DME, and a case of mixing the DME with the light oil for utilization.
[0003] The case of replacing 100% of the light oil with the DME requires that a fuel supply circuit of a fuel supply
system be changed to one provided with pressure resistance and dedicated to the the DME because the DME has a
steam pressure of approximately 6 atmospheres (approximately 0.6 MPa) at normal temperature. For this reason, since
the case of replacing 100% with the DME requires a system dedicated to the DME, it is difficult to apply this to a system
of the conventional technique for supplying a liquid fuel, by retrofitting.
[0004] Meanwhile, the case of mixing the DME with the light oil for utilization generally employs a device in which the
DME is mixed with the light oil in a mixed fuel tank or the like in advance (see for example Patent Document 1). This
device stores 80 to 99 mass% of a liquid fuel such as the light oil and 1 to 20 mass% of the DME in the mixed fuel tank.
[0005] The steam pressure of the mixed fuel mixed in such a ratio is lower than the steam pressure in the case where
the DME accounts for 100%. For this reason, this makes it possible to liquefy and easily handle the mixed fuel only by
pressuring the mixed fuel tank with a light pressure.
[0006] However, the case of mixing the DME with the light oil in a mixed fuel tank in advance as in this device requires
a mixed fuel tank for a high pressure, which leads to a problem of a high cost. In addition, this case requires a cooling
device and a pressurizer to be included in the mixed fuel tank for suppressing vaporization of the mixed fuel.
[0007] A more important problem is that no techniques for filling a high-pressure mixed fuel tank with the light oil have
not been established. Regarding the above-described device, Patent Document 1 states that the light oil and the DME
are stored in a mixed fuel tank to be supplied to an internal combustion engine, but does not have any statement regarding
the method of mixing the DME with the light oil, which is a key issue.
[0008] Even for the case of mixing the DME with the light oil for utilization, there is a method in which a mixed fuel
tank is not used, and two sets of a fuel supply circuit and a fuel injection circuit for the light oil and the DME are mounted.
However, this method involves problems such as a high cost due to the double system, an increase in weight, and a
deterioration in installability. Alternatively, it is conceivable of supplying the DME to an intake pipe. However, since the
DME is a fuel that is likely to be compressed and self-ignite, there is a possibility that the DME could ignite at an unintended
timing in an engine cylinder, and combustion control is thus difficult.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0009] Patent Document 1: Japanese patent application Kokai publication No 2011-162589.

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010] The present invention has been made in view of the above-described problems, and an object thereof is to
provide a mixed fuel supply system for an internal combustion engine, a vehicle, and a mixed fuel supply method for an
internal combustion engine, which are capable of supplying a mixed fuel obtained by mixing a liquid fuel and a liquefied
gas fuel to an internal combustion engine, by utilizing a system of a conventional technique for supplying a liquid fuel to
an internal combustion engine as it is without making significant modifications.
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MEANS FOR SOLVING THE PROBLEM

[0011] A mixed fuel supply system for an internal combustion engine according to the present invention for solving
the above-described problems is a mixed fuel supply system for an internal combustion engine using a mixed fuel
obtained by mixing a liquid fuel and a liquefied gas fuel, characterized in that the mixed fuel supply system is provided
with a liquid fuel supply system which a liquefied gas fuel storage tank which stores the liquefied gas fuel and a transfer
pump which transfers the liquid fuel and a supply pump which supplies the liquid fuel to a fuel injection valve are connected
by a transfer path, and was comprised, wherein the liquid fuel supply system is provided of: a liquid fuel storage tank
which stores the liquid fuel; a liquefied gas fuel supply path is connected to the transfer path between the transfer pump
and the supply pump and supplies the liquefied gas fuel; and a flow regulating valve included the liquefied gas fuel
supply path, wherein a supply amount of the liquefied gas fuel is regulated to be lower than half of a total supply amount
of the mixed fuel in weight ratio by the flow regulating valve, and the mixed fuel mixed in the transfer path is transferred
to the supply pump, and injected from the fuel injection valve.
[0012] Note that the supply pump mentioned herein means a fuel injection pump such as an inline injection pump, a
distributor injection pump, an individual injection pump, and a unit injector pump, or a supply pump used in an accumulator
using a common rail or the like.
[0013] Additionally, the liquid fuel supply system means a system which supplies a liquid fuel such as light oil to an
internal combustion engine, and is a liquid fuel supply system of a known technique.
[0014] In addition, the transfer path between the transfer pump and the supply pump is configured such that a supply
pressure of the liquid fuel becomes lower than a steam pressure of the liquefied gas fuel. For example, when the dimethyl
ether (DME) is used as the liquefied gas fuel, the supply pressure of the liquid fuel in the transfer path between the
transfer pump and the supply pump is lower than approximately 0.62 MPa of the steam pressure of the DME at normal
temperature, and is approximately 0.3 MPa, for example. Between the transfer pump and the supply pump, it is possible
to easily adjust the supply pressure of the liquid fuel in the transfer path between the transfer pump and the supply pump
such that the supply pressure becomes to be lower than the steam pressure of the liquefied gas fuel by controlling the
discharge pressure of the transfer pump.
[0015] Moreover, the supply amount of the liquefied gas fuel is preferably regulated such that the weight ratio of the
liquefied gas fuel becomes constant to the total supply amount of the mixed fuel, which is increased or decreased
depending on the operation condition of the internal combustion engine. In addition, the proportion of the supply amount
at this time is preferably lower than 50% of the total supply amount in weight ratio. If the proportion of the supply amount
of the liquefied gas fuel become equal to or higher than 50% of the total supply amount of the mixed fuel, this requires
a high-pressure tank for mixing the liquid fuel and the liquefied gas fuel and also more severe adjustment of the pressures
for liquefying the mixed fuel, causing increase in the weight and costs of the system.
[0016] More specifically, for example, in a case where the DME is utilized as the liquefied gas fuel, since the calorific
value of the DME is approximately 30% lower than the calorific value of the liquid fuel such as light oil, increasing the
proportion of the supply amount of the DME requires modifications such as increasing the diameter of injection holes of
fuel injection valves to obtain the output of the same level. For this reason, when energy efficiency is taken into consid-
eration, it is more preferable that the supply amount of the liquefied gas fuel be approximately 10% of the total supply
amount of the mixed fuel in weight ratio.
[0017] Moreover, when the supply amount of the liquefied gas fuel increases relative to the total supply amount of the
mixed fuel, the steam pressure of the mixed fuel increases, so that it is necessary to pressurize the mixed fuel in order
to transfer the mixed fuel in a liquefied state to the supply pump. For this reason, when suppression of vaporization of
the mixed fuel is taken into consideration, it is more preferable that the supply amount of the liquefied gas fuel be
approximately 10% of the total supply amount of the mixed fuel in weight ratio.
[0018] According to the above-described configuration, only by connecting the liquefied gas fuel supply path in such
a manner as to supply the liquefied gas fuel to the transfer path between the transfer pump and the supply pump, where
the supply pressure of the liquid fuel is lower than the steam pressure of the liquefied gas fuel, it is possible to mix the
liquid fuel and the liquefied gas fuel without adding a pump for transferring the liquefied gas fuel to a liquid fuel supply
system for supplying an internal combustion engine with a liquid fuel such as light oil, which has originally been used,
or a high-pressure tank for mixing the liquid fuel and the liquefied gas fuel, or the like.
[0019] In addition, by regulating the supply amount of the liquefied gas fuel by using the flow regulating valve, it is
possible to supply the mixed fuel to the fuel supply pump with the output of the internal combustion engine being hardly
decreased and with the steam pressure of the mixed fuel being suppressed to be low in a liquefied state.
[0020] In this way, it is possible to supply the mixed fuel obtained by mixing the liquid fuel and the liquefied gas fuel
to the internal combustion engine by utilizing the liquid fuel supply system of the conventional technique as it is without
making significant modifications.
[0021] Since there is no need to provide a tank provided with pressure resistance or a pump for pressurizing the
liquefied gas fuel, this system can be inexpensively manufactured, and also since the liquid fuel supply system of the
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conventional technique is utilized as it is, making retrofitting possible without impairing the conventionally obtained
reliability.
[0022] A vehicle according to the present invention for solving the above-described problems is a vehicle including
the above-described mixed fuel supply system for an internal combustion engine, and configured such that light oil is
used as the liquid fuel, and dimethyl ether is used as the liquefied gas fuel. According to this configuration it is possible
to enhance the environmental performance by using the mixed fuel obtained by mixing the light oil with the dimethyl
ether, which has a high cetane number and having a low environmental load such as generating no sulfur oxides or soot
and allowing a significant reduction of the amount of nitrogen oxides to be generated.
[0023] In particular, since there is no need to make significant modifications of a system for supplying a liquid fuel to
an internal combustion engine, which has originally been provided, the present invention can be more inexpensively
provided, and can be applied also to an internal combustion engine that is not equipped with an advanced injection
system such as a common rail type.
[0024] A mixed fuel supply method for an internal combustion engine according to the present invention for solving
the above-described problems is a mixed fuel supply method for an internal combustion engine using a mixed fuel
obtained by mixing a liquid fuel and a liquefied gas fuel, characterized in that the mixed fuel supply method for an internal
combustion engine comprises: supplying a liquefied gas fuel through a liquefied gas fuel supply path to a transfer path
between a transfer pump which transfers a liquid fuel and a supply pump which supplies the liquid fuel to a fuel injection
valve; regulating a supply amount of the liquefied gas fuel to be supplied to the transfer path to a proportion lower than
half of a total supply amount of the mixed fuel in weight ratio; and transferring the mixed fuel mixed in the transfer path
to the supply pump and injecting the mixed fuel from the fuel injection valve.
[0025] According to this method, it is possible to supply a mixed fuel obtained by mixing a liquid fuel and a liquefied
gas fuel to an internal combustion engine without making significant modifications of a liquid fuel supply system of the
conventional technique.

EFFECTS OF THE INVENTION

[0026] According to the present invention, the liquefied gas fuel supply path is connected such that the liquefied gas
fuel is supplied to the transfer path between the transfer pump and the supply pump, where the supply pressure of the
liquid fuel is lower than the steam pressure of the liquefied gas fuel, and the supply amount of the liquefied gas fuel is
adjusted by using the flow regulating valve provided in the liquefied gas fuel supply path. This makes it possible to supply
the mixed fuel obtained by mixing the liquid fuel and the liquefied gas fuel by utilizing the liquid fuel supply system of
the conventional technique as it is without making significant modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

[Fig. 1] Fig. 1 is a schematic diagram illustrating a mixed fuel supply system for an internal combustion engine of a
first embodiment according to the present invention.
[Fig. 2] Fig. 2 is a schematic diagram illustrating a mixed fuel supply system for an internal combustion engine of a
second embodiment according to the present invention.

MODES FOR CARRYING OUT THE INVENTION

[0028] Hereinafter, a mixed fuel supply system for an internal combustion engine, an internal combustion engine, and
a fuel supply method for an internal combustion engine of embodiments according to the present invention will be
described with reference to the drawings. Note that although in the embodiments, a system for supplying a mixed fuel
obtained by mixing light oil as a liquid fuel and dimethyl ether (hereinafter, referred to as DME) as a liquefied gas fuel
will be described, for example, it is possible to employ liquefied petroleum gas (LPG), liquefied natural gas (LNG),
liquefied butane gas (LBG), liquefied hydrogen fuel, and the like as the liquefied gas fuel. In addition, although a vehicle
in which one tank for storing the DME is mounted will be described, the present invention may be applied to a vehicle
in which two or more tanks are mounted. Moreover, although an inline-four-cylinder diesel engine will be described as
an example of the internal combustion engine, the present invention is not limited in terms of the number and arrangement
of cylinders.
[0029] First, a mixed fuel supply system for an internal combustion engine of a first embodiment and a mixed fuel
supply system for an internal combustion engine of a second embodiment according to the present invention will be
described with reference to Figs. 1 and 2. Each of the mixed fuel supply systems 1 and 30 is a system that supplies a
mixed fuel obtained by mixing the light oil as a liquid fuel with the DME (dimethyl ether) as a liquefied gas fuel to an
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engine (an internal combustion engine) 2.
[0030] As illustrated in Fig. 1, the mixed fuel supply system 1 of the first embodiment includes a light oil supply system
(a liquid fuel supply system) 8 configured by connecting: a light oil tank (a liquid fuel storage tank) 3 which stores the
light oil; a feed pump (a transfer pump) 4 which transfers the light oil; and a fuel injection pump (a supply pump) 6a which
supplies fuel to injectors (fuel injection valves) 5, through a transfer path 7.
[0031] The light oil supply system 8 is configured to supply the light oil from the light oil tank 3 to the fuel injection
pump 6a by using the feed pump 4, and send the light oil from the fuel injection pump 6a to the injectors 5 respectively
through pipes 9a. In addition, the transfer path 7 is provided with: a filter 10 which removes impurities in the light oil; and
a check valve (a non-return valve) 11 which prevents the light oil from flowing back. Additionally, the light oil supply
system 8 includes: a return flow path 12 which returns the fuel remaining in the injectors 5 and the fuel injection pump
6a to the light oil tank 3; and a check valve 13 provided in the return flow path 12.
[0032] The fuel injection pump 6a provided in the light oil supply system 8 includes one which pressurizes fuel only
with an injection pump such as an inline injection pump, a distributor injection pump, or an individual injection pump,
and one having pressurizing mechanisms for individual injectors such as an unit injector pump, and is an injection pump
of a known technique which is mechanically driven by receiving a drive force of the engine 2 from a crankshaft, a
camshaft, a timing chain, or a timing belt.
[0033] Meanwhile, as illustrated in Fig. 2, the mixed fuel supply system 30 of the second embodiment includes a supply
pump 6b and a common rail 9b in place of the fuel injection pump 6a and the pipes 9a.
[0034] The above-described configurations only have to be a system that supplies light oil to a diesel engine of the
conventional technique, and the present invention is not limited to the above-described configurations.
[0035] Note that the present invention is a system that allows supply of a mixed fuel of light oil and DME by retrofitting
the light oil supply system 8 of the conventional technique as described above. The mixed fuel supply system 1 illustrated
in Fig. 1 and the mixed fuel supply system 30 illustrated in Fig. 2 are different only in that the mixed fuel supply system
1 includes the fuel injection pump 6a such as a type injection pump, a distributor injection pump, an individual injection
pump, or an unit injector pump, while the mixed fuel supply system 30 includes the supply pump 6b used in an accumulator
using the common rail 9b. For this reason, the following description will be made by using the mixed fuel supply system
1 of the first embodiment as an example.
[0036] The mixed fuel supply system 1 illustrated in Fig. 1 is configured by providing a DME tank (a liquefied gas fuel
storage tank) 14 which stores the DME and a DME supply path (a liquefied gas fuel supply path) 15 which supplies the
DME in addition to the configuration of the above-described light oil supply system 8 of the conventional technique, in
which the DME supply path 15 is connected to the transfer path 7 between the feed pump 4 and the fuel injection pump
6a, and the DME supply path 15 includes a flow regulating valve 16.
[0037] The mixed fuel supply system 1 is configured such that a supply amount QDME of the DME is regulated to be
lower than 50%, and be preferably approximately 10%, of a total supply amount Qfuel of the mixed fuel in weight ratio
by the flow regulating valve 16, and the mixed fuel mixed in the transfer path 7 is transferred to the fuel injection pump
6a, and then injected from the injectors 5.
[0038] In addition, the mixed fuel supply system 1 includes a CU (a control unit; a control device) 17 which controls
discharge flow rate and discharge pressure (feed pressure) of the feed pump 4 as well as the supply amount of the DME
by the flow regulating valve 16.
[0039] The DME tank 14 is a tank which stores the DME. A pressure P1 inside the DME tank 14 is maintained at a
steam pressure P0 of the DME (approximately 0.62 MPa at normal temperature). Since the steam pressure P0 of the
DME increases as the temperature increases, the DME tank 14 is desirably disposed at a position where influence of
the temperature of the engine 2 is small.
[0040] Moreover, the mixed fuel supply system 1 includes a quick coupling 18, a filling path 19, and a filling openable
and closable valve 20 as devices to fill the DME tank 14 with the DME. In addition, the mixed fuel supply system 1
includes: a pressure sensor 21 which detects the pressure inside the DME tank 14; and a float sensor (a liquid level
sensor) 22 which detects an amount of the DME stored in the DME tank 14, and the pressure sensor 21 and the float
sensor 22 are connected to the CU 17.
[0041] The DME supply path 15 is a pipe which transfers the DME from the DME tank 14 to the transfer path 7, and
includes: the flow regulating valve 16 on the transfer path 7 side, and also a supply openable and closable valve 23, a
supply electromagnetic valve 24, and a filter 25 on the DME tank 14 side.
[0042] The DME supply path 15 is the pipe connected to the transfer path 7 between the feed pump 4 and the fuel
injection pump 6a, and configured such that a supply pressure of the light oil in the transfer path 7 between the feed
pump 4 and the fuel injection pump 6a becomes lower than the steam pressure P0 of the DME. The supply pressure of
the light oil in the transfer path 7 between the feed pump 4 and the fuel injection pump 6a can be easily adjusted to be
lower than the steam pressure P0 of the DME by controlling the feed pressure (the discharge pressure) of the feed pump 4.
[0043] Here, the relations between pressures in the mixed fuel supply system 1 will be described. When the steam
pressure of the DME is represented by P0, the pressure inside the DME tank 14 is represented by P1, the pressure of



EP 3 009 654 A1

6

5

10

15

20

25

30

35

40

45

50

55

the DME to be supplied is represented by P2, the supply pressure of the light oil in the transfer path 7 between the feed
pump 4 and the fuel injection pump 6a is represented by P3, and the feed pressure of the feed pump 4 is represented
by P4, the relations between the pressures are expressed by the following mathematical formula (1).
[Math. 1] 

[0044] For example, when the steam pressure of the DME is 0.62 MPa, the feed pressure P4 of the feed pump 4 is
0.3 MPa, and the supply pressure P3 in the transfer path 7 between the feed pump 4 and the fuel injection pump 6a is
0.3 MPa+α (provided that 0<α<0.32).
[0045] With such relations between the pressures, the DME in the DME tank 14 flows through the DME supply path
15 into the transfer path 7 between the feed pump 4 and the fuel injection pump 6a, where the pressure is low, and is
mixed with the light oil in the transfer path 7.
[0046] Since the DME tank 14 and the DME supply path 15 are included in addition to the light oil supply system 8 of
the conventional technique, and the DME supply path 15 is connected to the transfer path 7 between the feed pump 4
and the fuel injection pump 6a, where the pressure is lower than the steam pressure P0 of the DME, the light oil and
the DME can be easily mixed in the transfer path 7 without adding a pump for pressurizing and transferring the DME, a
high-pressure tank for mixing the light oil and the DME, or the like.
[0047] The flow regulating valve 16 is an electromagnetic valve controlled by the CU 17 and capable of adjusting the
supply amount QDME of the DME flowing from the DME supply path 15 into the transfer path 7. The supply amount QDME
of the DME supplied from the DME supply path 15 into the transfer path 7 is regulated by the flow regulating valve 16
such that the supply amount QDME becomes approximately 10% of the total supply amount Qfuel of the mixed fuel, which
is obtained by mixing the light oil and the DME, in weight ratio, depending on the operation condition of the engine 2.
[0048] If the supply amount QDME of the DME is made approximately 10% of the total supply amount Qfuel of the mixed
fuel, in a case where a mixed fuel obtained by mixing the light oil with the DME, which has a calorific value approximately
30% lower than the calorific value of the light oil, is injected from the injectors 5, the output of the injected mixed fuel
can be regulated to be approximately equal to the output in a case where the light oil accounts for 100%, even without
increasing the diameter of injection holes of the injectors 5. For this reason, the environmental performance can be
enhanced substantially in the same manner as the case where the light oil accounts for 100%.
[0049] In this way, the light oil supply system 8 of the conventional technique can be used as it is without making a
modification considering the output of the light oil supply system 8 and a modification considering the steam pressure
of the mixed fuel. Thus, a relatively inexpensive system can be provided.
[0050] Note that although the supply amount QDME of the DME is regulated to be approximately 10% of the total supply
amount Qfuel of the mixed fuel in weight ratio in this embodiment, the proportion varies depending on the configuration
of the light oil supply system 8 of the conventional technique. However, the proportion of the supply amount QDME of
the DME in such a case is a proportion that is lower than half of the total supply amount Qfuel of the mixed fuel in weight
ratio, and that does not need significant modifications on the light oil supply system 8 of the conventional technique.
[0051] The CU 17 is a microcontroller which electrically controls the injectors 5, the fuel injection pump 6a, the feed
pump 4, the flow regulating valve 16, and the supply electromagnetic valve 24, based on the operation condition of the
engine 2, the feed pressure P4 of the feed pump 4, the pressure P1 in the DME tank 14, and a filling amount of the DME
into the DME tank 14. In addition, the CU 17 includes discharge control means M1, DME flow rate control means M2,
and DME supply stop means M3.
[0052] The discharge control means M1 is means for controlling the discharge flow rate QOIL and the feed pressure
(the discharge pressure) P4 of the feed pump 4, and adjusts the discharge flow rate QOIL of the light oil in accordance
with the operation condition of the engine 2, and also adjusts the feed pressure P4 at this time such that the feed pressure
P4 becomes lower than the pressure P1 in the DME tank 14.
[0053] The DME flow rate control means M2 is means for regulating the supply amount QDME of the DME by using
the flow regulating valve 16 such that the weight ratio of the supply amount QDME becomes constant to the total supply
amount Qfuel of the mixed fuel, and regulates the supply amount QDME of the DME such that the supply amount QDME
becomes approximately 10% of the total supply amount Qfuel of the mixed fuel in weight ratio.
[0054] The DME flow rate control means M2 regulates the supply amount QDME of the DME based on the discharge
flow rate QOIL of the light oil adjusted by the discharge control means M1, or regulates the supply amount QDME of the
DME in accordance with the operation condition of the engine 2.
[0055] The DME supply stop means M3 is means for closing the supply electromagnetic valve 24 to stop supply of
the DME when the filling amount of the DME into the DME tank 14, which is detected by the float sensor 22, has become
equal to or lower than a predetermined amount.
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[0056] Next, a mixed fuel supply method for the engine 2 according to this embodiment will be described. In a case
where the DME tank 14 is filled with a sufficient amount of the DME, the discharge control means M1 first calculates the
discharge flow rate QOIL of the light oil according to the operation condition of the engine 2. Next, the pressure P1 in the
DME tank 14 detected by the pressure sensor 21 is inputted.
[0057] Next, the discharge control means M1 controls the feed pump 4 such that the feed pressure P4 of the feed
pump 4 becomes lower than the pressure P1 in the DME tank 14, and that the calculated discharge flow rate QOIL is
achieved.
[0058] Next, the DME flow rate control means M2 controls the flow regulating valve 16 such that the supply amount
QDME of the DME becomes approximately 10% of the total supply amount Qfuel of the mixed fuel in weight ratio.
[0059] Once the feed pump 4 is controlled and the flow regulating valve 16 is controlled, the supply pressure P3 of
the light oil in the transfer path 7 between the feed pump 4 and the fuel injection pump 6a becomes lower than the
pressure P1 in the DME tank 14 and the supply pressure P2 of the DME to be supplied from the DME supply path 15
into the transfer path 7, and also the supply amount QDME of the DME becomes approximately 10% of the total supply
amount Qfuel of the mixed fuel in weight ratio.
[0060] Accordingly, the DME is supplied from the DME supply path 15 into the transfer path 7, the light oil and the
DME are mixed in the transfer path 7, and the mixed fuel thus mixed in the transfer path 7 is supplied as it is to the fuel
injection pump 6a. The mixed fuel is then supplied from the fuel injection pump 6a to the injectors 5, and injected from
the injectors 5, so that the fuel supply method is completed.
[0061] According to this method, the control to make the feed pressure P4 of the feed pump 4 lower than the pressure
P1 in the DME tank 14, that is, lower than the steam pressure P0 of the DME, as well as the control to make the supply
amount QDME of the DME approximately 10% of the total supply amount Qfuel of the mixed fuel are performed, without
making significant modifications on the light oil supply system 8 of the conventional technique. In this way, the mixed
fuel obtained by mixing the liquid fuel and the liquefied gas fuel can be supplied to the engine 2, and injected from the
injectors 5.
[0062] Meanwhile, when the filling amount of the DME in the DME tank 14 is reduced to a low level during the above-
described fuel supply method, or in similar situations, the DME supply stop means M3 closes the supply electromagnetic
valve 24, so that the supply amount QDME of the DME becomes 0%. In this way, even when the DME tank 14 becomes
empty, the vehicle can be driven without stopping the engine 2.
[0063] Note that although the above-described mixed fuel supply method uses a method of controlling the feed pressure
P4 of the feed pump 4 based on the pressure P1 in the DME tank 14, the feed pressure P4 of the feed pump 4 may be
set at a constant value lower than the steam pressure P0 of the DME in advance, such that the supply pressure P3 in
the transfer path between the feed pump 4 and the fuel injection pump 6a is always lower than the steam pressure P0
of the DME.
[0064] The engine 2 equipped with the mixed fuel supply system 1 can enhance the environmental performance by
using the mixed fuel obtained by mixing the light oil with the DME, which has a high cetane number and has a low
environmental load as, for example, generating no sulfur oxides or soot and allowing a significant reduction of the amount
of nitrogen oxides to be generated.
[0065] In particular, since there is no need for making significant modifications on the light oil supply system 8 of the
conventional technique, the mixed fuel supply system can be more inexpensively provided, and also can be installed in
the engine 2 which does not equipped with any advanced injection system such as a common rail type by retrofitting,
without impairing the conventionally obtained reliability.

INDUSTRIAL APPLICABILITY

[0066] The mixed fuel supply system for an internal combustion engine of the present invention connects the liquefied
gas fuel supply path such that the liquefied gas fuel is supplied to the transfer path between the transfer pump and the
supply pump, where the supply pressure of the liquid fuel is lower than the steam pressure of the liquefied gas fuel, and
adjusts the supply amount of the liquefied gas fuel by using the flow regulating valve provided in the liquefied gas fuel
supply path. This makes it possible to supply the mixed fuel obtained by mixing the liquid fuel and the liquefied gas fuel
by utilizing the liquid fuel supply system of the conventional technique as it is without making significant modifications.
The mixed fuel supply system for an internal combustion engine thus can be utilized for a vehicle equipped with an
engine using a liquefied gas fuel such as DME. In particular, the mixed fuel supply system for an internal combustion
engine can inexpensively supply a mixed fuel obtained by mixing a liquefied gas fuel and a light oil to an internal
combustion engine that is not equipped with an advanced fuel injection circuit such as a common rail.

EXPLANATION OF REFERENCE NUMERALS

[0067]



EP 3 009 654 A1

8

5

10

15

20

25

30

35

40

45

50

55

1, 30 mixed fuel supply system
2 engine (internal combustion engine)
3 light oil tank (liquid fuel storage tank)
4 feed pump (transfer pump)
5 injector (fuel injection valve)
6a fuel injection pump (supply pump)
6b supply pump (supply pump)
7 transfer path
8 light oil supply system (liquid fuel supply system)
14 DME tank (liquefied gas fuel storage tank)
15 DME supply path (liquefied gas fuel supply path)
16 flow regulating valve
17 CU (control device)
21 pressure sensor
22 float sensor
M1 discharge control means
M2 DME flow rate control means
M3 DME supply stop means

Claims

1. A mixed fuel supply system for an internal combustion engine using a mixed fuel obtained by mixing a liquid fuel
and a liquefied gas fuel, characterized in that
the mixed fuel supply system is provided with a liquid fuel supply system which a liquefied gas fuel storage tank
which stores the liquefied gas fuel and a transfer pump which transfers the liquid fuel and a supply pump which
supplies the liquid fuel to a fuel injection valve are connected by a transfer path, and was comprised,
wherein the liquid fuel supply system is provided of:

a liquid fuel storage tank which stores the liquid fuel;
a liquefied gas fuel supply path is connected to the transfer path between the transfer pump and the supply
pump and supplies the liquefied gas fuel; and
a flow regulating valve included the liquefied gas fuel supply path,
wherein a supply amount of the liquefied gas fuel is regulated to be lower than half of a total supply amount of
the mixed fuel in weight ratio by the flow regulating valve, and
the mixed fuel mixed in the transfer path is transferred to the supply pump, and injected from the fuel injection
valve.

2. A vehicle comprising the mixed fuel supply system for an internal combustion engine according to claim 1, charac-
terized in that
light oil is used as the liquid fuel, and
dimethyl ether is used as the liquefied gas fuel.

3. A mixed fuel supply method for an internal combustion engine using a mixed fuel obtained by mixing a liquid fuel
and a liquefied gas fuel, characterized in that
the mixed fuel supply method for an internal combustion engine comprises:

supplying a liquefied gas fuel through a liquefied gas fuel supply path to a transfer path between a transfer
pump which transfers a liquid fuel and a supply pump which supplies the liquid fuel to a fuel injection valve;
regulating a supply amount of the liquefied gas fuel to be supplied to the transfer path to a proportion lower than
half of a total supply amount of the mixed fuel in weight ratio; and
transferring the mixed fuel mixed in the transfer path to the supply pump and injecting the mixed fuel from the
fuel injection valve.
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