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(54) Heating device for external combustion engine

(57) The invention provides a heating device for an
external combustion engine, which is capable of improv-
ing stabilization of combustion in a control state with a
relatively small quantity of heat and the property of an
exhaust gas, and realizing long-time operation of the ex-
ternal combustion engine.

To achieve this, a heating device 14 for an external
combustion engine includes: a combustion housing 25

provided so as to surround a heating portion 11 of an
external combustion engine E; an fuel-air mixer 27 pro-
vided at one end of the combustion housing 25 and an
exhaust pipe 28 provided at the other end of the com-
bustion housing 25; and an oxidation catalyst 26, dis-
posed in the combustion housing 25, for accelerating
combustion of a fuel-air mixture of a fuel and air supplied
through the fuel-air mixer 27.
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Description

[0001] The present invention relates to a heating de-
vice for an external combustion engine such as a Stirling
engine.
[0002] In Stirling engines, an electric heater using a
battery as a power source or a burner for burning a fuel
has been used as a heating device for heating a heating
portion, that is, an expansion chamber of the Stirling en-
gine.
[0003] By the way, an electric heater as a heating de-
vice is suitable for a relatively small-sized Stirling engine
because an energy density of the existing battery used
as a power source for the electric heater is in the order
of about 50 to 100 wh/kg; however, the electric heater
fails to satisfy long-time operation of the Stirling engine.
On the other hand, a burner is suitable for a large-sized
Stirling engine because it can generate a large quantity
of heat; however, the burner is unsuitable for a small-
sized Stirling engine in terms of stabilization of combus-
tion in a control state with a small quantity of heat and
the property of an exhaust gas.
[0004] In view of the foregoing, the present invention
has been made, and an object of the present invention
is to provide a heating device for an external combustion
engine, which is capable of improving stabilization of
combustion in a control state with a relatively small
quantity of heat and the property of an exhaust gas, and
realizing long-time operation of the external combustion
engine.
[0005] To achieve the above object, according a first
feature of the present invention, there is provided a heat-
ing device for an external combustion engine, charac-
terized by including: a combustion housing provided so
as to surround a heating portion of an external combus-
tion engine; an fuel-air mixer provided at one end of the
combustion housing and an exhaust pipe provided at
the other end of the combustion housing; and an oxida-
tion catalyst, disposed in the combustion housing, for
accelerating combustion of a fuel-air mixture of a fuel
and air supplied through the fuel-air mixer. It is to be
noted that the external combustion engine and the heat-
ing portion correspond to a Stirling engine E and an ex-
pansion chamber 11 in an embodiment of the present
invention to be described later, respectively.
[0006] With this first feature, since the catalyst type
heating device is adopted, it is possible to realize con-
tinuous combustion in a control state with a relatively
small quantity of heat, and hence to stably heat the heat-
ing portion of the external combustion engine. Further,
since the continuous combustion by adopting the cata-
lyst type heating device improves the property of an ex-
haust gas and eliminates occurrence of combustion os-
cillation, it is possible to operate the small-sized external
engine with comfort for a long time.
[0007] According to a second feature of the present
invention, in addition to the first feature, the oxidation
catalyst is supported by an outer surface of the heating

portion disposed in the combustion housing.
[0008] With the second feature, since the thermal
transfer from the catalyst to the heating portion of the
external combustion engine is improved, it is possible
to enhance a thermal efficiency and hence to contribute
to reduction in fuel consumption.
[0009] The present invention will be described with
reference to the accompanying drawings, in which an
embodiment of the present invention is shown.
[0010] FIG. 1 is a rear view of a user wearing a drive
unit for a prosthetic limb, which includes a Stirling en-
gine, according to an embodiment of the present inven-
tion.
[0011] FIG. 2 is a vertical sectional view of the Stirling
engine shown in FIG. 1.
[0012] FIG. 1 is a rear view of a user wearing a drive
unit for a prosthetic limb, which includes a Stirling en-
gine, according to an embodiment of the present inven-
tion; and FIG. 2 is a vertical sectional side view of the
Stirling engine shown in FIG. 1.
[0013] In FIGS. 1 and 2, reference character E desig-
nates a Stirling engine of the present invention, which
is typically used for driving a prosthetic leg 1. The pros-
thetic leg 1 includes a thigh portion 2 integrated with a
socket 2a in which a user's remaining thigh portion is to
be inserted; a shank portion 4 bendably/stretchably con-
nected to a lower end of the thigh portion 2 via a joint 3;
and a foot portion 5 connected to a lower end of the
shank portion 4.
[0014] The Stirling engine E includes a displacer unit
6 and a control unit 7, which are mounted on a belt B
worn around a user' waist portion; a power cylinder unit
8 mounted between the thigh portion 2 and the shank
portion 4 of the prosthetic leg 1; and a flexible pressure
conduit 22 for transmitting a pressure generated in the
displacer unit 6 to the power cylinder unit 8. A configu-
ration of the Stirling engine E will be more fully described
with reference to FIG. 2.
[0015] The displacer unit 6 includes a displacer cylin-
der 10; a displacer piston 13 slidably inserted in the cyl-
inder 10 so as to partition the interior of the cylinder 10
into an expansion chamber 11 on a head side of the cyl-
inder 10 and a compression chamber 12 on a bottom
side of the cylinder 10; a heating device 14, provided
around the head portion of the displacer cylinder 10, for
heating the expansion chamber 11; a radiator 15, pro-
vided on the bottom portion of the displacer cylinder 10,
for cooling the compression chamber 12; a heat regen-
erator 17 interposed in a communication port 16 for con-
necting the expansion chamber 11 to the compression
chamber 12; and a motor-driven control actuator 20 for
driving the displacer piston 13 via a rod 18 passing
through the bottom portion of the displacer cylinder 10.
A displacer piston sensor 21 for detecting a position of
the displacer piston 13 is provided on the control actu-
ator 20.
[0016] The heating device 14 is of a catalyst type in
which a combustion housing 25 formed on an outer sur-
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face of the head portion of the displacer cylinder 10 is
filled with an oxidation catalyst 26. A fuel-air mixer 27 is
provided at one end portion of the combustion housing
25, and an exhaust pipe 28 is provided at the other end
of the housing 25. In this case, the catalyst 26 is also
supported by an outer surface of the head portion of the
displacer cylinder 10 in the combustion cylinder 25. The
fuel-air mixer 27 has a fuel port 27b and an air port 27a
adjacent to each other.
[0017] The displacer cylinder 10, the radiator 15, and
the combustion housing 25 are covered with a shroud
30. The shroud 30 has an air introduction port 31a at a
position near the radiator 15 and a fuel introduction port
32a at a position near the exhaust pipe 28. A first parti-
tion wall 29a for surrounding the combustion housing 25
and a second partition wall 29b for surrounding the first
partition wall 29a are disposed in the shroud 30. With
these partition walls 29a and 29b and the shroud 30, an
air passage 31 for communicating the air introduction
port 31a to the air port 27a while meandering therebe-
tween is partitioned from a fuel passage 32 for commu-
nicating the fuel introduction port 32a to the fuel port 27b
along an outer periphery of the combustion housing 25.
A radiator 36 is additionally provided on an outer periph-
eral surface of the exhaust pipe 28 in such a manner as
to face to the fuel passage 32.
[0018] A solid electrolyte device 33 is additionally pro-
vided on the first partition wall 29a. The solid electrolyte
device 33 generates a power with an air pole 33a thereof
facing to the air passage 31 and a fuel pole 33b thereof
facing to the fuel passage 32. A thermal-electric con-
verting device 34 is additionally provided on an outer
peripheral surface of the exhaust pipe 28. The thermal-
electric converting device 34 converts heat transferred
from the exhaust pipe 28 thereto into electricity, to thus
generate a power. An output from the thermal-electrical
converting device 34 is charged in a storage battery 39
to be described later.
[0019] A supporting wall 35 for containing the control
actuator 20 while supporting a fixed portion of the actu-
ator 20 is provided in such a manner as to be continuous
to the shroud 30.
[0020] The control unit 7 includes an electronic control
unit 37, a fuel cartridge 38, the storage battery 39 as a
power source for the electronic control unit 37, and a
manually operated controller 40 for arbitrarily operating
the electronic control unit 37. The electronic control unit
37, the fuel cartridge 38, and the storage battery 39 are
contained in a control box 41. The fuel cartridge 38 is
filled with a fuel such as butane.
[0021] The fuel cartridge 38 is connected to the fuel
introduction port 32a via a fuel conduit 42, and a fuel
adjuster 44 for adjusting a flow rate of fuel is interposed
in the fuel conduct 42. An ignition plug 45 is provided in
the combustion housing 25 at a position adjacent to the
mixer 27.
[0022] The power cylinder unit 8 includes a power cyl-
inder 47 pivotably connected to one of the thigh portion

2 and the shank portion 4, and a power piston 48 pivot-
ably connected to the other of the thigh portion 2 and
the shank portion 4 while slidably inserted in the power
cylinder 47. An operation chamber 49 defined in the
power cylinder 47 by means of the power piston 48 is
communicated to the compression chamber 12 of the
displacer unit 6.
[0023] A bending/stretching angle sensor 51 for de-
tecting a bending/stretching angle between the thigh
portion 2 and the shank portion 4 is mounted at a posi-
tion between the thigh portion 2 and the shank portion
4. An output signal from the bending/stretching angle
sensor 51 and output signals from the manually operat-
ed controller 40 and the displacer piston sensor 21 are
inputted in the electronic control unit 37. On the basis
of these signals, the electronic control unit 37 controls
the actuator 20 and the fuel adjuster 44.
[0024] A function of this embodiment will be described
below.
[0025] A fuel is fed from the fuel cartridge 38. The flow
rate of the fuel is adjusted by the fuel adjuster 44. The
fuel is then supplied to the fuel-air mixer 27 via the fuel
passage 32, to be mixed with air which has flown from
the air introduction port 31a into the fuel-air mixer 27 via
the air passage 31. The fuel-air mixture is ignited once
by the ignition plug 45, and thereafter, the combustion
of the fuel-air mixture is continuously accelerated by the
catalyst 26, to heat the expansion chamber 11 from the
head portion side of the displacer cylinder 10 at a spe-
cific high temperature. An exhaust gas generated by the
combustion is discharged to the outside through the ex-
haust pipe 28. In the meanwhile, heat radiated from the
combustion housing 25 and the radiator 36 preheats a
fuel gas passing through the fuel passage 32, thereby
contributing to acceleration of both electrolytic power
generation by the solid electrolyte device 33 and com-
bustion in the combustion housing 25.
[0026] The radiator 15 keeps the compression cham-
ber 12 in a specific low temperature state. The heat re-
generator 17 receives heat from a working gas which is
moving between the expansion chamber 11 and the
compression chamber 12 via the communication port
16.
[0027] The control actuator 20 is operated on the ba-
sis of a command from the electronic control unit 37, to
reciprocate the displacer piston 13, thereby generating
a pressure amplitude in the compression chamber 12.
The pressure is transmitted to the operation chamber
49 of the power cylinder 47 via the flexible pressure con-
duit 22, to reciprocate the power piston 48, thereby
bending/stretching the shank portion 4 relative to the
thigh portion 2. The bending/stretching motion of the
shank portion 2 relative to the thigh portion 4 assists
walking of the user.
[0028] At this time, to efficiently drive the power piston
48, the electronic control unit 37 identifies a position of
the power piston 48 on the basis of an output signal from
the bending/stretching angle sensor 51, and operates
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the control actuator 20 such that the displacer piston 13
is in advance of the power piston 48 by a converted
crank angle of 90°. Further, the electronic control units
37 may controls the operational speed of the displacer
piston 13 from zero to an arbitrary value so as to control
the bending/stretching speed of the shank portion 4 rel-
ative to the thigh portion 2 from zero to an arbitrary val-
ue. With this configuration, the prosthetic leg 1 can be
moved on the basis of the user's intention.
[0029] The combustion form by the catalyst type heat-
ing device 14 is continuous combustion which is stable
even in a control state with a relatively small quantity of
heat, so that it is possible to enhance the property of an
exhaust gas and eliminate occurrence of combustion
oscillation. Further, since the fuel cartridge 38 is adopt-
ed, it is possible to rapidly supplement a fuel and also
to stably heat the expansion chamber 11 of the displacer
cylinder 10 for a long-time. This makes it possible to as-
sist walking of the user with comfort for a long time by
long-time operation of the small-sized Stirling engine E.
[0030] Since the catalyst 26 of the heating device 14
is directly supported even by the outer surface of the
head portion of the displacer cylinder 10 in the combus-
tion housing 25, the thermal transfer from the catalyst
26 to the head portion of the displacer cylinder 10 can
be improved. Accordingly, it is possible to enhance a
thermal efficiency and hence to contribute to reduction
in fuel consumption.
[0031] Since power consumption of the storage bat-
tery 39 as the power source for the electronic control
unit 37 is very small and the storage battery 39 is
charged with electricity outputted from the solid electro-
lyte device 33 and the thermal-electric converting device
34, the useful life of the storage battery 39 becomes
longer.
[0032] Since only the power cylinder unit 8 is provided
on the prosthetic leg 1 while the relatively heavy displac-
er unit 6, the fuel cartridge 38, the electronic control unit
37, etc. are mounted on the belt B worn around the us-
er's waist portion, and the displacer unit 6 is connected
to the power cylinder unit 8 via the flexible pressure con-
duit 22, it is possible to make the prosthetic leg 1 light-
weight and slim while ensuring the smooth bending/
stretching motion of the prosthetic leg 1, and further it
is possible for the user to easily, rapidly, and simply
mount/dismount the displacer unit 6 by mounting/dis-
mounting the belt B around the waist portion.
[0033] The present invention is not limited to the
above-described embodiment, and it is to be under-
stood that various changes in design may be made with-
out departing from the scope of the present invention.
For example, the heating device of the present invention
can be also applied to an α-type Stirling engine and to
an external combustion engine other than the Stirling
engine.
[0034] The invention provides a heating device for an
external combustion engine, which is capable of improv-
ing stabilization of combustion in a control state with a

relatively small quantity of heat and the property of an
exhaust gas, and realizing long-time operation of the ex-
ternal combustion engine.
[0035] To achieve this, a heating device 14 for an ex-
ternal combustion engine includes: a combustion hous-
ing 25 provided so as to surround a heating portion 11
of an external combustion engine E; an fuel-air mixer 27
provided at one end of the combustion housing 25 and
an exhaust pipe 28 provided at the other end of the com-
bustion housing 25; and an oxidation catalyst 26, dis-
posed in the combustion housing 25, for accelerating
combustion of a fuel-air mixture of a fuel and air supplied
through the fuel-air mixer 27.

Claims

1. A heating device for an external combustion engine,
characterized by including:

a combustion housing (25) provided so as to
surround a heating portion (11) of an external
combustion engine (E) ;
an fuel-air mixer (27) provided at one end of
said combustion housing (25) and an exhaust
pipe (28) provided at the other end of said com-
bustion housing (25); and
an oxidation catalyst (26), disposed in said
combustion housing (25), for accelerating com-
bustion of a fuel-air mixture of a fuel and air sup-
plied through said fuel-air mixer (27).

2. A heating device for an external combustion engine
according to claim 1, wherein said oxidation catalyst
(26) is supported by an outer surface of said heating
portion (11) disposed in said combustion housing
(25).

3. A heating device for an external combustion engine
according to claim 1, wherein said external combus-
tion engine is taken as a Stirling engine (E).
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