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(54) Exhaust heat energy recovery system for internal combustion engine

(57) The invention recovers the high heat energy
generated by an exhaust gas clarification catalytic con-
verter intermediately disposed in an exhaust system of
an internal combustion engine, as electrical energy with-
out causing an increase in exhaust resistance.

To achieve this, a stack 11 in a heat-driven type
sound wave generating portion 7 provided at one end
portion of a resonance pipe 6 is disposed adjacently to
an exhaust gas clarification catalytic converter 5 inter-

mediately disposed in an exhaust system 1 of an internal
combustion engine E, one end portion of the stack 11 is
heated by the heat generated by the catalytic converter
5, thereby providing the stack 11 with a temperature gra-
dient, and a transducer 8 for converting the sound wave
generated by the sound wave generating portion 7 at-
tendant on the temperature gradient into electrical en-
ergy is provided at the other end portion of the reso-
nance pipe 6.
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Description

[0001] The present invention relates to an exhaust
heat energy recovery system for effective utilization of
exhaust heat energy of an internal combustion engine
as driving energy for other equipments.
[0002] As such an exhaust heat energy recovery sys-
tem for internal combustion engine, there has been
known one in which a heat exchanger is disposed in an
exhaust pipe and a high temperature fluid taken out of
the heat exchanger is used to operate a high tempera-
ture portion of other equipment, for example, an absorp-
tion type refrigerator (See, for example, Japanese Pre-
examination Patent Publication (KOKAI) No. 4-335960
(1992)).
[0003] However, when a heat exchanger is disposed
in the exhaust pipe as mentioned above, the heat ex-
changer constitutes an exhaust resistance, thereby pro-
ducing a bad effect on the output performance of the
engine, and rather increasing the fuel consumption of
the engine.
[0004] On the other hand, in two-wheel and four-
wheel vehicles of recent years, a catalytic converter for
clarification of exhaust gas is provided in the exhaust
system of an engine, so that the vicinity of the catalytic
converter is heated to an extremely high temperature by
the heat of clarification reaction, and, therefore, various
protection means for avoiding heat damages are adopt-
ed. If the high heat can be utilized effectively, it will be
possible to lower the ambient temperature of the cata-
lytic converter and to contrive simplification of the heat
damage protection means.
[0005] The present invention has been made in view
of those situations, and it is an object of the present in-
vention to provide an exhaust heat energy recovery sys-
tem for internal combustion engine by which it is possi-
ble to utilize the high heat energy present in the vicinity
of an exhaust gas clarification catalytic converter inter-
mediately disposed in an exhaust system of an engine
as driving energy for other equipment without causing
an increase in exhaust resistance.
[0006] In order to attain the above object, the present
invention is characterized firstly in that a stack of a
sound wave generating portion provided at one end por-
tion of a resonance pipe is disposed adjacently to an
exhaust gas clarification catalytic converter intermedi-
ately disposed in an exhaust system of an internal com-
bustion engine, a transducer for converting into electri-
cal energy the sound wave generated by the stack due
to reception of heat from the catalytic converter is pro-
vided at the other end portion of the resonance pipe,
and an output from the transducer is supplied to an elec-
trical load.
[0007] According to the first characteristic feature, the
heat of reaction at much higher temperature than the
exhaust gas itself generated upon clarification of the ex-
haust gas by the catalytic converter is used to generate
a thermo-acoustic tube phenomenon, and, by utilizing

the phenomenon, it is possible to recover the exhaust
heat energy as electrical energy and to effectively utilize
it for driving an electrical load. In addition, even a portion
of the resonance pipe does not need to be projected into
the exhaust system, so that exhaust resistance is not
increased, the output performance of the internal com-
bustion engine is not lowered, and combustion con-
sumption is not increased. Moreover, since the sound
wave generating portion deprives the catalytic converter
of the heat generated, overheating of the catalytic con-
verter can be effectively prevented, so that the thermal
damage protection means for the internal combustion
engine, vehicle body and the like adjacent to the cata-
lytic converter can be simplified.
[0008] In addition to the first characteristic feature, the
present invention is characterized secondly in that a
control valve for controlling the quantity of exhaust gas
introduced into the catalytic converter is provided in the
exhaust system, and the control valve is controlled ac-
cording to output conditions of the transducer.
[0009] According to the second characteristic feature,
a control means controls the flow rate control valve ac-
cording to the output conditions of the transducer, there-
by automatically controlling the quantity of exhaust gas
introduced into the catalytic converter, so that it is pos-
sible to contrive stabilization of the transducer output
and to prevent overheating of the sound wave generat-
ing portion.
[0010] Further, the present invention is characterized
thirdly in that a stack in a heat-driven type sound wave
generating portion provided at one end portion of a res-
onance pipe is disposed adjacently to an exhaust gas
clarification catalytic converter intermediately disposed
in an exhaust system of an internal combustion engine,
and a refrigerator cooled by the sound wave generated
by the stack due to reception of heat from the catalytic
converter is provided at the other end portion of the res-
onance pipe.
[0011] According to the third characteristic feature,
the heat of reaction at much higher temperature than
the exhaust gas itself generated upon clarification of the
exhaust gas by the catalytic converter is used to gener-
ate a thermo-acoustic tube phenomenon, and, by utiliz-
ing the phenomenon, the exhaust heat energy can be
recovered as driving energy for a refrigerating portion.
In addition, even a portion of the resonance pipe deos
not need to be projected into the exhaust system, so
that exhaust resistance is not increased, the output per-
formance of the internal combustion engine is not low-
ered, and combustion consumption is not increased.
Moreover, since the sound wave generating portion de-
prives the catalytic converter of the heat generated,
overheating of the catalytic converter can be effectively
prevented, so that a thermal damage protection means
for the internal combustion engine, vehicle body and the
like adjacent to the catalytic converter can be simplified.
[0012] Further, in addition to any of the first to third
characteristic features, the present invention is charac-
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terized fourthly in that the catalytic converter is so dis-
posed as to surround a high temperature portion of the
sound wave generating portion.
[0013] According to the fourth characteristic feature,
the heat generated at the catalytic converter can be ef-
ficiently transmitted to the high temperature portion of
the sound wave generating portion, whereby an effec-
tive operation of the sound wave generating portion can
be secured.
[0014] Further, in addition to any of the first to third
characteristic features, the present invention is charac-
terized fifthly in that the catalytic converter is so dis-
posed that an exhaust outlet thereof is proximate to and
opposed to the high temperature portion of the sound
wave generating portion.
[0015] According to the fifth characteristic feature, not
only the heat generated at the catalytic converter but
also the heat of the high-temperature exhaust gas com-
ing out of the catalytic converter can be transmitted to
the high temperature portion of the sound wave gener-
ating portion, whereby a more effective operation of the
sound wave generating portion can be secured.
[0016] A mode for carrying out the present invention
will be described based on one embodiment of the in-
vention shown in the accompanying drawings.

Fig. 1 is a vertical sectional side view of an exhaust
heat energy recovery system for internal combus-
tion engine according to the First Embodiment of
the present invention;
Fig. 2 is a vertical sectional side view of the system
according to the Second Embodiment of the inven-
tion;
Fig. 3 is a vertical sectional side view of the system
according to the Third Embodiment of the invention;
Fig. 4 is a vertical sectional side view of the system
according to the Fourth Embodiment of the inven-
tion;
Fig. 5 is a vertical sectional side view of the system
according to the Fifth Embodiment of the invention;
Fig. 6 is a vertical sectional side view of the system
according to the Sixth Embodiment of the invention;
and
Fig. 7 is a vertical sectional side view of the system
according to the Seventh Embodiment of the inven-
tion.

[0017] First, description will be started with a descrip-
tion of the First Embodiment of the present invention
shown in Fig. 1.
[0018] An exhaust system 1 of an internal combustion
engine E comprises a front portion exhaust pipe 2 con-
nected to an exhaust port of the internal combustion en-
gine E, a rear portion exhaust pipe 3 connected to a pe-
ripheral wall of an enlarged diameter portion 2a provided
at the downstream end of the front portion exhaust pipe
2, and a muffler 4 connected to the downstream side of
the rear portion exhaust pipe 3.

[0019] A ring-form exhaust gas clarification catalytic
converter 5 is fitted on the inside peripheral surface of
the enlarged diameter portion 2a, a front end portion of
a resonance pipe 6 closed at both ends thereof is fitted
into the inside periphery of the catalytic converter 5, and
a rear end portion of the resonance pipe 6 is extended
to a position sufficiently away from the catalytic convert-
er 5. A heat-driven type sound wave generating portion
7 is provided in the front end portion of the resonance
pipe 6, and a transducer 8 for converting the sound wave
generated at the sound generating portion 7 into elec-
trical energy is provided in the rear end portion of the
resonance pipe 6. Air or a rare gas such as helium is
sealed in the resonance pipe 6 as a working gas.
[0020] The sound wave generating portion 7 compris-
es a high temperature heat exchanger 9 and a low tem-
perature heat exchanger 10 disposed opposite to each
other in the axial direction in the front end portion of the
resonance pipe 6, and a high temperature stack 11 dis-
posed between the heat exchangers 9 and 10. The high
temperature heat exchanger 9 is disposed at a location
surrounded by the catalytic converter 5, and radiating
fins 12 are projected on the outside peripheral surface
of the resonance pipe 6 corresponding to the position of
the low temperature heat exchanger 10. The stack 11 is
constituted, for example, of a heat storage body in which
a multiplicity of stainless steel sheets are stacked with
small gaps therebetween.
[0021] On the other hand, the transducer 8 provided
in the rear end portion of the resonance pipe 6 is a sys-
tem which converts the sound wave it receives into me-
chanical vibration and then into electrical energy; spe-
cifically, a combination unit of a vibrating piston and a
linear electric generator or a combination unit of a vi-
brating plate and a piezo conversion element can be
used as the transducer. An output of the transducer 8 is
supplied through a control means 13 to an electrical load
14 such as a battery, electrical equipment and the like.
As the control means 13, known ones such as a voltage
regulator, an energy management and the like can be
used.
[0022] Next, the action or operation of First Embodi-
ment will be described.
[0023] During operation of the internal combustion
engine E, the exhaust gas discharged from the engine
E into the front portion exhaust pipe 2 passes sequen-
tially through the catalytic converter 5, the rear portion
exhaust pipe 3 and the muffler 4, to be discharged into
the atmosphere. During this process, the catalytic con-
verter 5 chemically removes harmful components such
as HC, CO, NOx and the like contained in the exhaust
gas passing therethrough, and the heat of reaction gen-
erated at the time of the chemical removal heats the cat-
alytic converter 5 to a high temperature higher than the
temperature of the exhaust gas. The heat of the catalytic
converter 5 is transmitted to the stack 11 through the
high temperature heat exchanger 9 surrounded by the
catalytic converter 5, so that an end portion of the stack
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is heated to a high temperature. On the other hand, at
the low temperature heat exchanger 10, cooling is con-
ducted through radiation of heat to the atmosphere by
the radiating fins 12 on the outside, so that cooling of
the other end portion of the stack 11 is promoted. As a
result, the stack 11 is given a large temperature gradient
between both ends thereof, and self-excited vibration in-
duced by the temperature gradient generates a sound
wave, which reciprocates in the resonance pipe 6
through the working gas (such a thermo-acoustic phe-
nomenon is known as described, for example, in the pa-
per "B1-17 Performance of Heat-driven Type Reso-
nance Pipe Refrigerator" published by the Association
for Low Temperature Engineering and Superconduc-
tion, spring, 1993). The frequency of the sound wave
coincides with the resonance frequency of the reso-
nance pipe 6, so that a standing wave is generated in
the resonance pipe 6, whereby a vibrating portion of the
transducer 8 located at the rear end of the resonance
pipe 6 is vibrated, the vibration is converted into electri-
cal energy as mentioned above, and the electrical en-
ergy is outputted to the electrical load 14 through the
control means 13.
[0024] Incidentally, hitherto, the temperature of the
exhaust gas itself of an internal combustion engine has
been said to be too low to generate a thermo-acoustic
phenomenon. On the other hand, the present invention
has been made by paying attention to the fact that the
heat of reaction generated at the time of clarification of
the exhaust gas by the catalytic converter 5 is at a much
higher temperature as compared to the exhaust gas
temperature; the heat of reaction at the high tempera-
ture is used to generate a thermo-acoustic tube phe-
nomenon, and, by utilizing the phenomenon, the ex-
haust heat energy can be recovered as electrical ener-
gy.
[0025] In addition, even a portion of the resonance
pipe 6 does not need to be projected into the exhaust
system 1, so that an increase in exhaust resistance is
not caused, the output performance of the internal com-
bustion engine E is not lowered, and, therefore, com-
bustion consumption is not increased. Further, since the
sound wave generating portion 7 deprives the catalytic
converter 5 of the heat generated, overheating of the
catalytic converter 5 can be effectively prevented, so
that a thermal damage protection means for the internal
combustion engine E, vehicle body and the like dis-
posed adjacent to the catalytic converter 5 can be sim-
plified.
[0026] Next, the Second Embodiment of the present
invention shown in Fig. 2 will be described.
[0027] In the Second Embodiment, a cylindrical co-
lumnar catalytic converter 5 is fitted in an enlarged di-
ameter portion 2a of a front portion exhaust pipe 2, an
inlet chamber 15 and an outlet chamber 16 are provided
on the front and rear sides of the catalytic converter 5,
and a rear portion exhaust pipe 3 is connected to the
outlet chamber 16. A front end wall of a resonance pipe

6 is disposed opposite to the outlet of the catalytic con-
verter 5 with the outlet chamber 16 therebetween. A high
temperature stack 11 of a sound wave generating por-
tion 7 is disposed in close contact with the front end wall
of the resonance pipe 6, and a high temperature heat
exchanger 9 as in the previous embodiment is abol-
ished.
[0028] Other aspects of constitution are the same as
in the previous embodiment, so that in Fig. 2 the portions
corresponding to those in the previous embodiment are
denoted by the same reference symbols, and explana-
tion thereof is omitted.
[0029] According to the Second Embodiment, the
stack 11 of the sound wave generating portion 7 can be
heated directly by the heat of the high temperature ex-
haust gas itself immediately after passage through the
catalytic converter 5 and by the heat radiated from the
catalytic converter 5, whereby the efficiency of heat
transfer to the stack 11 is enhanced, and simplification
of constitution can be achieved by abolition of the high
temperature heat exchanger.
[0030] Next, the Third Embodiment of the present in-
vention shown in Fig. 3 will be described.
[0031] In the Third Embodiment, a second catalytic
converter 5' is intermediately disposed in a rear portion
exhaust pipe 3, and other aspects of constitution are the
same as in the Second Embodiment, so that in Fig. 3
the portions corresponding to those in the Second Em-
bodiment are denoted by the same reference symbols,
and explanation thereof will be omitted.
[0032] According to the Third Embodiment, a catalytic
converter 5 and the second catalytic converter 5' are dis-
posed in series, whereby the exhaust gas can be clari-
fied in two stages, which is effective for an internal com-
bustion engine with a large exhaust quantity.
[0033] Next, the Fourth Embodiment of the present in-
vention shown in Fig. 4 will be described.
[0034] In the Fourth Embodiment, a bypass exhaust
pipe 20 connecting front portion and rear portion ex-
haust pipes 2 and 3 to each other is so provided as to
bypass a catalytic converter 5, a second catalytic con-
verter 5' is intermediately provided in the bypass ex-
haust pipe 20, and a changeover valve 21 is provided
at a joint portion of the front portion exhaust pipe 2 and
the bypass exhaust pipe 20.
[0035] Other aspects of constitution are the same as
in the Second Embodiment, so that in Fig. 4 the portions
corresponding to those in the Second Embodiment are
denoted by the same reference symbols, and explana-
tion thereof will be omitted.
[0036] According to the Fourth Embodiment, the
changeover valve 21 is changed over according to op-
erating conditions of an internal combustion engine E,
whereby the exhaust gas is made to flow through either
one of the catalytic converters 5, 5' so as to advance
activation thereof at the time of warm-up operation, or
the exhaust gas is made to flow through both of the cat-
alytic converters 5, 5' with a flow rate difference there-
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between at the time of high-output operation; by these
controls, balancing of clarification efficiencies of the cat-
alytic converters 5, 5', loads thereon, the degree of heat-
ing of a sound wave generating portion 7 and the like is
contrived. By this, appropriate clarification function and
durability of the catalytic converters 5, 5' and appropri-
ate operation of the sound wave generating portion 7
can be secured.
[0037] Next, the Fifth Embodiment of the present in-
vention shown in Fig. 5 will be described.
[0038] In the Fifth Embodiment, a second catalytic
converter 5' is intermediately disposed in a rear portion
exhaust pipe 3 on the downstream side of a bypass ex-
haust pipe 20, and other aspects of constitution are the
same as in the Fourth Embodiment, so that in Fig. 5 the
portions corresponding to those in the Fourth Embodi-
ment are denoted by the same reference symbols, and
explanation thereof will be omitted.
[0039] Next, the Sixth Embodiment of the present in-
vention shown in Fig. 6 will be described.
[0040] In the Sixth Embodiment, an extension cylin-
der 25 forming a heating chamber 26 is adjacently con-
nected to the front end of a resonance pipe 6, and the
heating chamber 26 is disposed adjacent to a high tem-
perature stack 11 of a sound wave generating portion 7
with a partition wall 6a therebetween. The extension cyl-
inder 25 with a cylindrical columnar catalytic converter
5 fitted therein is disposed in an enlarged diameter por-
tion 2a of a front portion exhaust pipe 2, an exhaust inlet
pipe 27 for introducing a portion of the exhaust gas com-
ing from the front portion exhaust pipe 2 into the heating
chamber 26 is provided at a front end wall of the exten-
sion cylinder 25, and a flow rate control valve 28 for reg-
ulating the quantity of the exhaust gas introduced is fit-
ted to the exhaust inlet pipe 27. The flow rate control
valve 28 is controlled to open and close by a control
means 13 connected to a transducer 8.
[0041] A ring form second catalytic converter 5' sur-
rounding the extension cylinder 25 is fitted onto the in-
side periphery of the enlarged diameter portion 2a.
[0042] The extension cylinder 25 is provided with an
outlet hole 29 for the exhaust gas having passed
through the catalytic converter 5, and a rear portion ex-
haust pipe 3 is connected to the outlet hole 29 and the
rear end of the enlarged diameter portion 2a.
[0043] Other aspects of constitution are the same as
in the First Embodiment (Fig. 1), so that in Fig. 6 the
portions corresponding to those in the First Embodiment
are denoted by the same reference symbols, and expla-
nation thereof will be omitted.
[0044] According to the Sixth Embodiment, the stack
11 of the sound wave generating portion 7 is heated di-
rectly by the heat of the high temperature exhaust gas
itself immediately upon passing through the catalytic
converter 5 in the heating chamber 26 and by the heat
radiated from the catalytic converter 5. In addition, the
flow rate control valve 28 for controlling the quantity of
exhaust gas introduced into the heating chamber 26 is

controlled by the control means 13 according to the out-
put conditions of the transducer 8, so that it is possible
to contrive stabilization of the output of the transducer
8 and to avoid overheating of the sound wave generat-
ing portion 7.
[0045] Finally, the Seventh Embodiment of the
present invention shown in Fig. 7 will be described.
[0046] In the Seventh Embodiment, a refrigerating
portion 30 together with a transducer 8 is provided at a
rear end portion of a resonance pipe 6. The refrigerating
portion 30 comprises a low temperature heat exchanger
31 and a high temperature heat exchanger 32 disposed
opposite to each other in the axial direction in the rear
end portion of the resonance pipe 6, and a low temper-
ature stack 33 disposed between the heat exchangers
31 and 32. The low temperature heat exchanger 31 is
disposed on the side of a sound wave generating portion
7, while the high temperature heat exchanger 32 is dis-
posed on the side of a rear end wall of the resonance
pipe 6. The low temperature stack 33 is constituted, for
example, of a heat storage body in which a multiplicity
of stainless steel sheets are stacked with small gaps
therebetween, in the same manner as a high tempera-
ture stack 11 of the sound wave generating portion 7.
[0047] Corresponding to the position of the low tem-
perature heat exchanger 31, an insensible heat pick-up
chamber 34 is provided around the outer periphery of
the resonance pipe 6, the chamber 34 and a cooling
panel 35 disposed at an appropriate location to be
cooled of a vehicle body, for example, a location of the
vicinity of an exhaust system 1 which might receive ther-
mal damage are communicated with each other through
a coolant conduit 36, and a coolant is circulated between
the chamber 34 and the cooling panel 35.
[0048] Radiating fins 37 are projected on the outer pe-
ripheral surface of the resonance pipe 6 corresponding
to the position of the high temperature heat exchanger
32.
[0049] Other aspects of constitution are the same as
in the Sixth Embodiment, so that in Fig. 7 the portions
corresponding to those in the Sixth Embodiment are de-
noted by the same reference symbols, and explanation
thereof will be omitted.
[0050] When, in the sound wave generating portion 7,
the high temperature stack 11 is given a large temper-
ature gradient by superheating of its one end from the
side of the heating chamber 26 and cooling of its other
end by the low temperature heat exchanger 10, a stand-
ing wave is generated in the resonance pipe 6 due to
the temperature gradient, in the same manner as in the
case of the First Embodiment. In the working gas in the
resonance pipe 6, there are a compression portion and
an expansion portion corresponding to condensation
and rarefaction portions of the standing wave, and a
temperature rise occurs due to adiabatic compression
at the compression portion, while a temperature fall oc-
curs due to adiabatic expansion at the expansion por-
tion. The high temperature stack 11 of the sound wave
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generating portion 7 is located at the temperature rise
portion, while a low temperature stack 33 of the refrig-
erating portion 30 is located at the temperature fall por-
tion, and the sound wave transports heat from the low
temperature stack 33 to the high temperature stack 11.
As a result, at the refrigerating portion 30, the low tem-
perature stack 33 absorbs heat from the low tempera-
ture heat exchanger 31, so that insensible heat of the
low temperature heat exchanger 31 is taken out into the
insensible heat pick-up chamber 34, and is transferred
through the conduit 36 to the cooling panel 35, thereby
cooling the cooling panel 35. In the case shown, the
cooling panel 35 cools a desired portion of the exhaust
system 1, so that thermal damage onto the vicinity there-
of can be prevented.
[0051] The invention recovers the high heat energy
generated by an exhaust gas clarification catalytic con-
verter intermediately disposed in an exhaust system of
an internal combustion engine, as electrical energy with-
out causing an increase in exhaust resistance.
[0052] To achieve this, a stack 11 in a heat-driven type
sound wave generating portion 7 provided at one end
portion of a resonance pipe 6 is disposed adjacently to
an exhaust gas clarification catalytic converter 5 inter-
mediately disposed in an exhaust system 1 of an internal
combustion engine E, one end portion of the stack 11 is
heated by the heat generated by the catalytic converter
5, thereby providing the stack 11 with a temperature gra-
dient, and a transducer 8 for converting the sound wave
generated by the sound wave generating portion 7 at-
tendant on the temperature gradient into electrical en-
ergy is provided at the other end portion of the reso-
nance pipe 6.

Claims

1. An exhaust heat energy recovery system for inter-
nal combustion engine wherein a stack (11) of a
sound wave generating portion (7) provided at one
end portion of a resonance pipe (6) is disposed ad-
jacently to an exhaust gas clarification catalytic con-
verter (5) intermediately disposed in an exhaust
system (1) of an internal combustion engine (E), a
transducer (8) for converting into electrical energy
the sound wave generated by said stack (11) due
to reception of heat from said catalytic converter (5)
is provided at the other end portion of said reso-
nance pipe (6), and an output from said transducer
(8) is supplied to an electric control means (14).

2. An exhaust heat energy recovery system for inter-
nal combustion engine as set forth in claim 1,
wherein

a control valve (28) for controlling the quantity
of exhaust gas introduced into said catalytic
converter (5) is provided in said exhaust system

(1), and said control valve (28) is controlled ac-
cording to output conditions of said transducer
(8).

3. An exhaust heat energy recovery system for inter-
nal combustion engine wherein a stack (11) of a
sound wave generating portion (7) provided at one
end portion of a resonance pipe (6) is disposed ad-
jacently to an exhaust gas clarification catalytic con-
verter (5) intermediately disposed in an exhaust
system (1) of an internal combustion engine (E),
and a refrigeration portion (30) cooled by the sound
wave generated by said stack (11) due to reception
of heat from said catalytic converter (5) is provided
at the other end portion of said resonance pipe (6).

4. An exhaust heat energy recovery system for inter-
nal combustion engine as set forth in any of claims
1 to 3, Wherein

said catalytic converter (5) is so disposed as to
surround a high temperature portion of said
sound wave generating portion (7).

5. An exhaust heat energy recovery system for inter-
nal combustion engine as set forth in any of claims
1 to 3, wherein

said catalytic converter (5) is so disposed that
an exhaust outlet thereof is proximate to and
opposed to a high temperature portion of said
sound wave generating portion (7).
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