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(57) Abstract: A fuel supply system for an internal combus-
tion engine includes a heat exchanger (20) that has a heat ex-
changing wall between a liquefied fuel passage (20a) and an
engine coolant passage (20b). Heated and vaporized fuel
flowing out from the liquetied fuel passage of the heat ex-
changer is supplied to the internal combustion engine. A
flow rate of liquetied fuel supplied to the liquetied fuel pas-
sage of the heat exchanger is set. A flow rate of engine
coolant supplied to the engine coolant passage of the heat
exchanger is determined on the basis of a temperature of the
engine coolant supplied to the engine coolant passage of the
heat exchanger such that nucleate boiling or transition boil-
ing of the liquefied fuel in the set flow rate occurs near a
boundary between nucleate boiling and transition boiling in
the liquefied fuel passage.
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FUEL SUPPLY SYSTEM AND FUEL SUPPLY METHOD FOR INTERNAL

COMBUSTION ENGINE

' BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a fuel Supply system and fuel supply method for

an internal comBustion engine, which vaporize liquefied fuel and supply the liquefied

“fuel to the internal combustion engine.

2. - Description of Related Art

[0002] It is generally known that fuel that is gaseous at ordinary terhperatures

- and pressures, such as LPG, is used as fuel for an internal combustion engine. Such

/

gaseous fuel is cooled to be liquefied and is stored in a fuel tank. Liquefied fuel in the
fuel tank is heated to be ‘Vaporized and is supplied into a cylinder of the internal
combustion engine. Heat of engine coolant is génerally utilized to heat and vaporize

liquefied fuel; however, a fuel supply system that utilizes heat of an electric heater when

the temperature of the engine coolant is low is -suggested (see Japanese Patent

Application Publication No. 2008- 121645 (JP 2008-121645 A)).

[0003] The above described fuel supply system is configured to heat and
vaporize liquefied fuel by exchanging heat between the engine coolant and the liquefied
fuel when the temperature of the engine coolant: 1s higher than or equal to a set

temperature. However, when the temperature of the engine coolant is relatively high, a

‘heat flux from the engine coolanf to the liquefied fuel decreases and, therefore, the

liquefied fuel may not be sufficiently vaporized.
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[0004]  The invention provides a fuel supply S);stem and ﬁlelwsupnly method for

. an internal combustion engine, which suppress a decrease in heat flux from engine

coolant to liquefied fuel in a heat exchanger to thereby make it possible td appropﬁately :
vaporize the liquefied fuel in a fuel tank utilizing heat of the engine coolant and to supply
the vaporized fuel into a cylinder. |

[0005] A first aspect of the invention provides a fuel supply system for an
internal combustion engine, which sﬁpplies' heated and vaporized fuel to the internal
combustion engme The fuel supply system mcludes a heat exchanger that has a heat
exchangmg wall between a hqueﬁed fuel passage and an engine coolant passage whereml
the heated and vaporized fuel flows out from the liquefied fuel passage of the heat
exchanger, a flow rate of hqueﬁed fuel supphed to the: hqueﬁed fuel passage of the heat

exchanger is set, and a flow rate of engine coolant supplied to the engine coolant passage

of the heat exchanger is determined on the basis of a -temperature of the engine coolant

supplied to the engine coolant passage of the heat exchanger such that nucleate boiling or
transition boiling of the liquefied fuel in the set flow rate occurs near a boundary between
nucleate boiling and transition boiling in the liquefied fuel passage.

[0006]  With the fuel supply system according to the above aspect, the fuel

- supply system includes the heat exchanger that has the heat exchanging wall between the

| liquefied fuel passage and the engine coolant passage, heated and vaporized fuel flowing

out from the liquefied ﬁ1e1 passage of the heat exchanger is supplied to the internal
combustion engine, the flow rate of liquefied fuel supplied to the liquefied fuel passage
of the heat exchanger is set, and the flow rate of engine coolant supplied to the engine
coolant passage of the heat exchanger is determined on the basis of the temperature of the
engine coolant supplied to the engine coolant passage of the heat exchanger such that
nucleate boiling or transition boiling of the li’queﬁed fuel in the set flow rate occurs near
the boundary between nucleate boiling and transition boiling in the liquefied fuel passage.
In this way, when nucleate boiling or transition boiling of the liquefied fuel occurs near

the boundary between nucleate boiling and transition boiling in the liquefied fuel passage

- of the heat exchanger, the liquefied fuel'may obtain a heat flux near local maximum Afrom
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the engine coolant, so the liquefied fuel may‘be 'appropriately vaporized and is supplied
to the internal combustion engine.

[0007} A second aspect of the invention relates to a fuel supply method for an

- internal combustion engine, which supplies heated and vaporized fuel to the internal

combustion engine. The. fuel supply method includes: proyiding a heat exchanger that
has a heat exchanging wall between a liquefied fuel passage and an engine coolant
passage, wherein the heated ‘and vaporized fuel flows out from fhe iiqueﬁed fuel passage
of the heat exchanger; setting a flow rate of liqueﬁed fuel snpplied to the liquefied fnel
passage of the heai exchénger; and determining a iloiw rate of engine coclant supplied to
the engine coolant passage of the heat exchanger on the basis of a temperéture of the
engine coolant supplied to the engine coolant passage of the heat exchanger such that
nucleate boiling or transition boiling of the liquefied fuel in the set flow rate occurs near a

boundary between nucleate boiling and transition bciling in the liquefied fuel passage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Features, adventages, and technical and industrial significance of
exemplary embodiments of the invention wili ‘be described below with reference to the
accompanying drawings, in vx;hich like numerals denote like elements, and wherein:

FIG. 1 is a schematic view that shows a fnel supply system for an internal

combustion engine according to an embodiment of the invention;

FIG. 2 is a graph that shows the correlation' between a degree of superheat and a

| heat flux when liquefied fuel is boiled; and

FIG. 3 is a map that shows the flow rate of engine coolant determined on the basis -

" of the flow rate of liquefied fuel and the temperature of engine coolant.

DETAILED DESCRIPTION OF EMBODIMENTS
> [0009]  FIG. 1 is a schematic view that shows a fuel supply system for an internal
combustion engine according to an embodiment of the invention. Control over the

members of the fuel supply system described below is executed by an electronic control
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unit (not shown). In the drawing, the refoionco numeral 10 denotes a fuel tank, and the

‘fuel tank 10 stores LPG that mainly contains propane (that has a boiling point of

-42.09°C) and butane (that has a boiling point of -0.5°C). Of course, liquefied fuel

intended by the fuel supply system according to the aspect of the invention is not limited

- to LPG, but it may be any gaseous combustible material at ordinary temperatures and

pressures. For example, the liquefied fuel may be a combustible material having a
boiling point nearly equal to that of propane, a combustible material having a boiling
point neariy equal to that of butane, and a combnstiblé material having a boiling point
beti&een the boiiing point of nropéne and the boiling poini of bu'tane;

[0010])  The reference numeral 20 denotes a heat exchanger that is used to
vaporize liquefied fuel in the fuel tank 10. The heat exchanger 20 includes an internal
pipe 20a and an external pipé 20b. The internal pipe 20a functions as a liquefied fuel
passage. 'The external pipe 20b functions as an engine coolant passage. In this way,
the pipe wall of the internal pipe 20a functions as a heat exchanging wall between
liquefied fuel and engine coolant. A fuel introducing paésage 30 is conneoted» to the
inlet portion 20c of the internal pipe 20a. The fuel introducing paésage 30 is used to
supply liquefied fuel stored in the fuel tank 10. A fuel delivery passage 40 is connected
to the outlet portion 20d of the internal pipe 20a. The fuel delivery piassage 40 is used to
supply vaiporized fuel to the fuel injection valve of each cylinder directly or via an -
accumulator common to the cylinders. |

[0011] In addition, a coolant introducing passage 50 is connected to the inlet
po‘rtio'n 20e of the external pipe 20b. The ‘coolant introducing passage 50 is used to.
supply engine coolant that is heated in a coolant passage in a cylindei block (not shown)
and that is yet to be cooled by a radiator (not shown). A coolant delivery passage 60 is
connected to the outlet. portion 20f of the external pipe 20b. The coolant delivery
‘pass‘age 60 1s used to return engine coolant, flowing out from the external pipe 20b, to the
radiator (or the coolant passage of the cylinder block). A coolant pump is provided in
the coolant introducing passage 50 where neoesseiry. |

[0012] A fuel pump P is provided inside the fuel tank 10. The fuel pump P is
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used to pump liquefied fuel to the fuel intr"odu.c':in_g.pa_ssage 30. A fuel metering valve
V1 is provided in the fuel introducing’ passage 30. The fuel metering valve V1 meters

the flow rate of liquefied fuel pumped by the fuel pump P and supplies the liquefied fuel

to the internal pipe 20a of thé heat exchanger 20. . In addition, a fluid communication

passage 70 is formed so as to providc fluid communication between the coolant
introducing passage 50 and the coolant delivery passage 60. A coolant metéring valve
V2 is provided in the fluid communication passage 70. The flow rate of engine coolant
thét passes through the fluid communication passage 70 and that bypasses the external
piﬁe 20b of fhe ﬁe’at eéchérl.géf‘tZO is‘ metere;i by the -éoolaht metering valve V2 to thereby
make it possible to control the ﬂoW rate of engine coolant that passes through the external
pipe 20b. The reference numeral 80 denotes a temperature sensor. The temperature
sensor 80 is used to measure the temperature of coolant in the coolant introducing
passage 50.

[0013] In the tﬁus conﬁgured fuel supply system according to the present
embodiment, heat is exchanged between liquefied fuel that passes through the internél'
pipe 20a, which functions as the liquefied fuel passage, as indicated by thé arrow and
enginé coolant that passes through the passage between the external pipe 20b and the
internal pipe 20a, which functions. as the engine coolant passage, as indicated by the
arrow to thereby boil the liquefied fuel in the internal pipe 20a, and the pipe wall inner
surface of the‘ internal pipe 20a servés as a heat transmitting'surface that transfers heat of
engine coolant, passing on the outer side of thé internal pipe 20a, to liquefied fuel.

[0014] FIG 2 is a graph that shows the correlation between a degree of
superheat and a heat flux when specific liquefied fuel is boiled in the internal pipe 20a of
tht; heat exchanger. | Here, a degree of superheat is the difference between the
temperature of the pipe wall inner surface of the internal pipe 20a, that is, the heat
transmitting surface, and the boiling point of liquefied fuel, and a heat flux is an amount
of heat transferred from fhe heat transmitting surface in unit area to liquefied fuel per unit
time. As shown in FIG. 2, there is a graph that shoWé the correlation between a degree

of superheat and a heat flux for specific liquefied fuel for each combination‘of the
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temperature and flow rate of engine coolant that passes on the outer side of the internal
pipe 20a, ‘and as the temperature of enginecoolant increases, a heat flux wnh respect to
the same degree of superheat increases; whereas, as the ﬂow rate of engine coolant
increases, a heat flux with respect to the same degree of superheat increases. That is, in
order of the graphs L1, L2, L3 and L4, the flow rate of engine coolant increases or the
temperature of engine coolant increases. |

[0015] In this way, there are a multiple Anumber of graphs that show the
correlatlon between a degree of superheat and a heat flux for a spec1ﬁc liquefied fuel and,
as shown in FIG 2- a heat flux becomes a local maximum against a substantially constant
boundary degree of superheat ATt. The region in which a degree of superheat is lower

than the boundary degree of superheat ATt is a nucleate boiling region in which liquefied

fuel boils in nucleate boiling by which vapor bubbles are produced from a specific point

- of the heat transmitting surface. The region in which a degree of superheat is higher

than' the boundary degree of superheat ATt is a transition boiling region in which
hqueﬁed fuel boils in transition boiling by Wthh vapor bubbles from the specific point of
the heat transmitting surface are connected to partially form a vapor ﬁlm on the heat
transmitting surface. _

[0016] In addition, in each graph, as the flow rate of liquefied fuel that passes
through the internal pipe 20a increases, the temperature of the pipe wall inner surface of
the internal pine 20a, that is, the 'temnerature of the heat transmitting surface, decreases,
so a degree of superheat decreases. F ot example, in the graph L4 of the combination of
a specific flow rate and spemﬁc temperature of engine coolant supphed to the heat

exchanger 20, the flow rate of liquefied fuel supplied to the heat exchanger 20 at point a4

at which a degree of superheat is higher than the boundary degree of superheat ATt, is

smaller’than the flow rate of liquefied fuel supplied to the heat exchanger 20 at point a4t

at which the boundary degree of superheat ATt is achieved; hoWever, only a heat flux

- smaller than that of liquefied fuel in the flow rate at point a4t is given to liquefied fuel in

the flow rate at point a4, and liquefied fuel does not appropriately boil at point a4 having

a degree of superheat higher than the boundary degree of superheat ATt. Therefore, in
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order to appropriately vaporize liqueﬁed .ﬁ—lel in the flow rate at point a4, it is only

necessary that the flow rate of engine coolant is reduced against the temperature of

- engine coolant at this time to achieve the boundary degree of superheat ATt with engine

coolant having the same temperature against liquefied fuel in the same flow rate.

[0017]  In addition, for example, in the graph L3 of the combination of another

specific flow rate and another specific temperature of engine coolant supplied to the heat

exchanger‘20, the flow rate of liquefied fuel supplied to the heat exchanger 20 at point a3,
at whxch a degree of superheat is lower than the boundary degree of superheat ATt is
larger than the flow rate of hqueﬁed fuel supphed to the heat exchanger 20 at point a3t at
which the boundary degree of superheat ATt is achieved. In this case, only a heat flux
smaller than that of liquefied fuel in the flow rate at point a3t is given to liquefied fuel in
the. flow rate at point a3, so liquefied fuel dose not appropriately boil at point a3.
Therefore, ’in order to appropriately véporizé liqueﬁed fuel in the flow rate at point a3,
where possible, it is only necessary that the flow rate of engine coolant is increased
against the temnerature of engine coolant at this time to achieve the boundary degree of
superheatrATt with engine coolant having the same temperature against liquefied fuel in

the same flow rate.  As a heat flux against the same degree of superheat increases, that is,

~in order of the graphs L1, L2, L3 and L4, the flow rate of liquefied fuel supplied to the

heat exchanger 20 at the time when the boundary degree of superheeit ATt is achieved and
a local maximum heat flux is given to liquefied fuel (at points alt, a2t, a3t and adt)
increases. |

| [0018]  In this way, a map for determining the flow rate QW of engine coolant
may be set as shown in FIG. 3 on the basis of the flow rate QF of liqneﬁed fuel and the
temperature TW of englne coolant such that there is a combination of the flow rate QW
and temperature TW of engine coolant supplled to the heat exchanger 20 at the time when
the boundary degree of superheat ATt is achieved and the flow rate QF of liquefied fuel
éupplied to the heat exchanger 20 and the boundary degree of superheat ATt is
substantially achieved to give a substantially_ local maximum heat flux to liquefied fuel.

[0019]  Therefore, in order to achieve the fuel injectivon amount of each cylinder,
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required of a current engine operating stntév b-ased on an engine load and an engine
rotation Speéd, when the flow rate QF of liquefied fuel supplied to the liquefied fuel
passage, that is, the internal pipe 20a, of the heat exchangef 20 is set, the flow fate Qw
of engine coolant supplied to the engine coolant passage of the heat exchanger 20 may be
determined from the map of Fi(l 3 on the basis of the temperature TW of engine coolant
supplied to the engine coolant passage, that is, the external nipc 20b,. of the heat
exchanger 20 such that nucleate boiling or transition boiling of liquefied fuel in the thus
set flow rate occurs near the boundary between nucleate boiling and transition boliling in
threr liqueﬁed fuel péssag;. - | | |

l[0020] The set flow rate QF of l}iqueﬁed ‘fuel' may be achieved by controlling the

fuel metering valve Vl, and the determined flow rate QW of engine coolant may be
: ) :

achieved by controlling the coolant metering valve V2. The temperature TW of engine

coolant supplied to the heat exchanger 20 may be detected by the temperature sensor 80.
Instead, the temperature TW of engine coolant may be estimated on the basis of the
engine operating state.

[0021] | In this way, when nucleate boiling or transition boiling of liquefied fuel
bccnrs near the boundary between nucleate boiling and transition boiling in' the liquefied
fuel passage of the heat exchanger 20, the liquefied fuel may. obtain a heat flux near local
maximum from the engine coolant, so liquefied fuel may be appropriately vaporized and
is then supplied to the internal combustion engine. ,

[0022]  Particularly, in the map of FIG. 3, when the ternperature of engine -
coolant TW is lower than a set temperature and the flow rate QF of liquefied fuel is larger
than a set flow rate, the flow rate may be set such that Re);nolds' number of engine
coolant that passes through the extérnal pipe 20b of the heat exchanger 20 is larger than
or equal to 2000 to place engine coolant in turbulent flow to thereby facilitafe heat
trénsfer from the engine coolant to the internal pipe 20a andv increase a heat flux
transferred from the inner surface of the internal pipe 20a to liquefied fuel.

[0023]  The heat exchanger 20 is not limited to a double tube shape shown in

FIG. 1, but the heat exchanger 20 may be formed in any shape. Of course, the map



WO 2012/168776 PCT/1IB2012/001060
9

shown in FIG. 3 varies among heat exchangers having different sizes, shapes and
materials, and, in addition, varies among fuels having different boiling points and heats of
vaporization. For example, when LPG is used as fuej, itis desirable that the map. shown
in FIG 3 is set for each mixture ratio of pfopane and butane and these maps are-

selectively used for each mixture ratio by, for example, detecting the mixture ratio.
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CLAIMS:

1. A fuel supply system for an internal combustion engine, which supplies heated
and vaporized fuel to the internal combustion engine, characterized by comprising:

a heat exchanger that has a heat exchanging wall between a liquefied fuel passage
and an engine coolant passage wherein |

the heated and vaporlzed fuel ﬂows out from the llqueﬁed fuel passage of the heat
exchanger

a flow rate of hqueﬁed fuel supplied to the liquefied fuel passage of the heat
exchanger is set, and

a flow rate of engme coolant supplied to the engine coolant passage of the heat
exchanger is determined on the basrs of a temperature of the engine coolant supplied to -
‘the engine coolant passage of the heat exchanger such that nucleate boiling or transition
boiling of the liquefied fuel in a set flow rate occurs near a boundary between nucleate _

boiling and transition boiling in the liquefied fuel passage.

2. Afuel supply system for an internal combustlon engine, whrch supplies heated
and vaporized ﬁlel to the internal combust1on engme characterized by comprising: |

a heat\ ex‘changer that has a heat exchanging wall between a liqueﬁed fuel passage
and an engine coolant passage, wherein the heated and vaporized fuel flows out from the
hqueﬁed fuel passage of the heat exchanger;

a fuel metermg valve that is prov1ded upstream of the quueﬁed fuel passage and
that is used to set a flow rate of quueﬁed fuel suppl1ed to the liquefied fuel passage of the
heat exchanger; | | v‘ |

an engine coolant metering valve‘that is provided upstrearn-of the engine coolant
passage and that is used to set a flow rate of engine coolant snpplied to the engine coolant
passage of the heat exchanger; and

a control unit that controls the fuel metering valve and the engine coolant metering
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valve, wherein
* the control unit controls the fuel metering‘ valve to set the flow rate of the liquefied

fuel, and |

the control unit determines the flow rate of engine cqolant supplied to the engine
coolant passage of the heat exchanger on the basis of a temperature of the engine coolant
supplied to the engine coolant passage of the heat exchanger such that nucleate boiling or
transition boiling of the liquefied fuel in a set flow rate occurs near a boundary between
nucleate boiling and transition boiling in the liquefied fuel passage, and controls the
engine coolant »metering-\./alve fd set tﬁe deteﬁnined ﬂow'raté of thé engine éooiant.

' | A
3. The fuel supply systein éccording to claim 1 or 2, wherein thé liquefied fuél isa

gaseous combustible material at ordinary temperatures and pressures.

4. The fuel supply system according to claim 3, wherein the liqﬁeﬁed fuel is any
vone of a combustible materiél having a boiling point nearly equal to that of propane, a
combustible material having a boiling point nearly equal to that of butane, and a
combustible material having a boiling péinf between the boiling point of propane and the

boiling point of butane. |

5. A fuel supply method for an internal. combustion engine, which supplies heated
and Vaﬁorized fuel to the internal combustion engine, characterized by comprising:

providing a heat exchanger that has'a heat exchanging wall between a liquefied fuel
passage and an engine coolant passage, wherein the heated and Vaporized fuel flows out
from fhe liquefied fuel passage of the heat exchanger.; |

setting a flow rate of liquefied fuel supplied to the liquefied fuel passage of the heat
exchanger, and

determining a flow rate of engine coolant supplied to the engine coolant passage of
the heat exchanger on the basis of a temperature of the engine coolant supplied to the

engine coolant passage of the heat exchanger such that nucleate boiling or transition
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boiling of the liquefied fuel in a set flow rate occurs near a boundary between nucleate

boiling and transition boiling in the liquefied fuel péssage.
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