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HEAT EXCHANGER 

TECHNICAL FIELD 

[0001] The present invention relates to a heat exchanger. 

BACKGROUND ART 

[0002] Conventionally, a rotary-blade air?ow generator 
(hereinafter referred to as “fan”) has normally been used as a 
means of cooling a heating element. However, the use of a fan 
for such cooling causes a problem of large noise made by the 
fan in operation. To solve this problem, cooling with use of an 
ionic wind caused by a corona discharge has been devised to 
replace the cooling with the use of a fan (see, for example, 
Patent Literatures l and 2). The use of an ionic wind elimi 
nates wind noise peculiar to operation of a fan, and thus 
reduces noise. Further, the following is known (see Non 
Patent Literature 1): A heat source (heating element) is cooled 
more effectively when air blown by a fan is used in combi 
nation with an ionic wind than when air blown by a fan is 
solely used. Non Patent Literature 2 describes a condition 
necessary for a corona discharge to be stably generated. 
[0003] The following describes the cooling effect achieved 
with the use of an ionic wind, in comparison with the cooling 
effect achieved with a sole use of air blown by a fan. The 
description deals with (i) a case of cooling a heat source by 
causing only air blown by a fan to come into contact with the 
heat source, and (ii) a case of cooling a heat source by causing 
a combination of airblown by a fan and an ionic wind to come 
into contact with the heat source. 
[0004] In the case of cooling a heat source by causing only 
the air blown by the fan to come into contact with the heat 
source, it is dif?cult to remove gas molecules present near the 
heat source. This is because the air?ow generated by the fan 
has a laminar ?ow on its surface and, according to ?uid 
dynamics, the gas molecules present along a surface of the 
heat source thus have a ?ow rate of 0. Consequently, accord 
ing to ?uid dynamics, in the case of cooling the heat source by 
causing only the air blown by the fan to come into contact 
with the heat source, the gas molecules present near the heat 
source remain unremoved. 
[0005] On the other hand, in the case of cooling a heat 
source by causing the combination of the air blown by the fan 
and the ionic wind to come into contact with the heat source, 
ions, each of which has an electric charge, travel along lines of 
electric force to arrive at the vicinity of the surface of the heat 
source. These ions then stir gas molecules which are present 
near the surface of the heat source and which have relatively 
large molecular momentums. This conceivably allows the 
heat source to be cooled with high e?iciency. An ionic-wind 
cooling device has been disclosed which uses the above phe 
nomenon and which thus generates an ionic wind with use of 
wire electric discharge occurring between cooling ?ns of a 
heat sink (see, for example, Patent Literature 3). 
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SUMMARY OF INVENTION 

[0011] However, the wire electric discharge (corona dis 
charge) performed by the ionic-wind cooling device dis 
closed in Patent Literature 3 poses a problem described 
below. 
[0012] As described in Patent Literature 2, stable genera 
tion of a corona discharge is said to require a discharge 
voltage of 6 to 8 kV and an interelectrode distance of approxi 
mately 10 mm. Thus, a cooling device using a corona dis 
charge involves a risk of a high voltage. In addition, the large 
interelectrode distance problematically results in a large-siZe 
cooling device. 
[0013] DownsiZing a cooling device requires reducing the 
interelectrode distance. However, a reduction in (or narrow 
ing of) the interelectrode distance makes a streamer-type 
corona discharge likely to occur. This results in a local tem 
perature rise. This temperature rise then leads to breaking of 
a wire electrode and/or damage to a heat source. This indi 
cates that a cooling device having a small interelectrode dis 
tance lacks utility. 
[0014] DownsiZing a cooling device without changing the 
interelectrode distance requires reducing the number of dis 
charge sections (each including a combination of a wire elec 
trode and a discharge electrode so as to perform discharge). 
This problematically prevents maintenance and improvement 
of a cooling capability of the cooling device. 
[0015] Also, the ionic-wind cooling device disclosed in 
Patent Literature 3 has a structure, such as the cooling ?ns of 
the heat sink, in which electric ?eld concentration tends to 
occur. According to this arrangement, an ionic wind is gen 
erated by performing the wire electric discharge between the 
cooling ?ns, between which electric ?eld concentration tends 
to occur. This arrangement, however, impedes continuous 
and stable supply of an ionic wind. 
[0016] The problems described above are caused not only 
in a cooling device which uses an ionic wind to cool a heat 
source as a target of heat exchange, but also in a heating 
device which uses an ionic wind to raise a temperature of or 
heat a target of heat exchange. In other words, the above 
problem can be caused in any heat exchanger which uses an 
ionic wind to exchange heat between a target of heat exchange 
and a contact member which is in contact with the target of 
heat exchange. 
[0017] The present invention has been accomplished in 
view of the above problem. It is an object of the present 
invention to provide a heat exchanger having a heat exchange 
capability which can be maintained and improved indepen 
dently of a structure in which electric ?eld concentration 
tends to occur. 
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[0018] The inventors of the present invention have found 
the following and thus arrived at the present invention: In 
place of a conventional Wire electric discharge element, an 
electron emitting element Which can emit electrons in an 
internal electric ?eld (i.e., an electron emitting element Which 
requires no external electric ?eld) is provided so as to face 
(i.e., so as to be separated from) a contact member Which is in 
contact With a target of heat exchange. This alloWs (i) an 
electric charge to be stably provided into an atmosphere and 
thus (ii) an ionic Wind to be generated even if there is provided 
close to the electron emitting element a structure, such as ?ns 
of a heat sink, in Which electric ?eld concentration tends to 
occur. 

[0019] In order to solve the above problem, a heat 
exchanger includes: a contact member Which is electrically 
conductive and Which is for contacting With a target of heat 
exchange; and an electron emitting element Which is provided 
so as to be separated from the contact member by a space and 
Which provides electrons to the contact member via air in the 
space, the electron emitting element including: an electrode 
substrate; a thin-?lm electrode; ?rst voltage applying means 
for applying a voltage betWeen the electrode substrate and the 
thin-?lm electrode; and an electron acceleration layer Which 
accelerates electrons inside itself by the voltage applied from 
the ?rst voltage applying means so that the electrons thus 
accelerated are emitted from the thin-?lm electrode, the elec 
tron acceleration layer being formed at least partially from an 
insulating material. 
[0020] The heat exchanger of the present invention 
includes the electron emitting element provided so as to be 
separated from the electrically conductive contact member 
Which is in contact With the target of heat exchange. Further, 
the electron emitting element includes: the electrode sub 
strate; the thin-?lm electrode; the ?rst voltage applying 
means for applying the voltage betWeen the electrode sub 
strate and the thin-?lm electrode; and the electron accelera 
tion layer Which accelerates the electron inside itself in 
response to the voltage from the ?rst voltage applying means 
so that the electron is emitted from the thin-?lm electrode. In 
addition, the electron acceleration layer is formed at least 
partially With an insulating material. This arrangement alloWs 
for provision of the electron emitting element Which can emit 
electrons in an internal electric ?eld. In other Words, the 
electron emitting element provides electrons to the contact 
member via the air present in the space betWeen the electron 
emitting element and the contact member. These electrons 
collide With air molecules present in the space. This collision 
ioniZes the air molecules. Further, these ioniZed air molecules 
move along an electric ?eld, and thus generate an ionic Wind. 
The ions then arrive at the contact member. This stirs air 
molecules Which are present along the surface of the heat 
source. 

[0021] As described above, according to the above arrange 
ment, the electron emitting element Which can emit electrons 
in an internal electric ?eld is provided, instead of a conven 
tional Wire electric discharge element, so as to be separated 
from the contact member. As a result of this, even With a 
structure in Which electric ?eld concentration tends to occur 
in the vicinity of the contact member, the electron emitting 
element can stably provide electrons into the atmosphere, and 
thus generate an ionic Wind. In addition, it is possible to stably 
provide an ionic Wind even if the contact member has a 
complex shape. In other Words, the heat exchanger of the 
present invention generates an ionic Wind not With use of a 
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conventional Wire electric discharge element Which causes a 
corona discharge, but With use of the electron emitting ele 
ment Which can emit electrons in an internal electric ?eld. 
Thus, it is not necessary to reduce the number of discharge 
sections for device doWnsiZing, unlike in conventional ionic 
Wind cooling devices. Furthermore, it is not necessary to 
reduce the distance betWeen electrodes for Wire electric dis 
charge. Thus, the above arrangement prevents problems asso 
ciated With conventional ionic-Wind cooling devices Which 
cause a corona discharge, the problems including a problem 
concerned With a distance betWeen electrodes for Wire elec 
tric discharge. In a case Where, for example, the contact 
member is a heat sink, the above arrangement, in vieW of 
device doWnsiZing, alloWs a device having a certain siZe to 
include more ?ns than a conventional ionic Wind generator. 
This consequently improves a heat exchange capability. 
[0022] As described above, the above arrangement alloWs 
for provision of the heat exchanger having a heat exchange 
capability Which can be maintained and improved indepen 
dently of a structure in Which electric ?eld concentration 
tends to occur. 

[0023] Additional objects, features, and strengths of the 
present invention Will be made clear by the description beloW. 
Further, the advantages of the present invention Will be evi 
dent from the folloWing explanation in reference to the draW 
1ngs. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] FIG. 1 is a cross-sectional vieW illustrating a pref 
erable example of a heat exchanger (cooling device) in accor 
dance With an embodiment of the present invention. 
[0025] FIG. 2 is an enlarged vieW illustrating main portions 
of a heat sink and an electron emitting element included in the 
heat exchanger illustrated in FIG. 1. 
[0026] FIG. 3 is an enlarged cross-sectional vieW illustrat 
ing a main portion of an electron acceleration layer included 
in the heat exchanger illustrated in FIG. 1. 
[0027] FIG. 4 is an energy band diagram for a particle layer 
(electron acceleration layer) of the electron emitting element 
included in the heat exchanger illustrated in FIG. 1. 
[0028] FIG. 5 is a cross-sectional vieW illustrating an 
arrangement of a heat exchanger used in Example 1 
[0029] FIG. 6 is a graph illustrating a result of verifying a 
cooling effect With use of the heat exchanger of Example 1. 
[0030] FIG. 7 is a cross-sectional vieW illustrating an 
arrangement of an electron emitting element included in a 
heat exchanger (cooling device) in accordance With another 
embodiment of the present invention. 
[0031] FIG. 8 is a plan vieW illustrating an arrangement of 
a rotary-blade air?oW generator included in a heat exchanger 
(cooling device) in accordance With still another embodiment 
of the present invention. 
[0032] FIG. 9 is a perspective vieW illustrating an arrange 
ment of an electron emitting element included in a heat 
exchanger (cooling device) in accordance With yet another 
embodiment of the present invention. 

REFERENCE SIGNS LIST 

[0033] 1 heat exchanger (heat exchanger, cooling 
device) 

[0034] 2 heating element (target of heat exchange) 
[0035] 3 heat sink (contact member) 
[0036] 4, 16 electron emitting element 
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[0037] 5 power supply (second voltage applying means) 
[0038] 6 ground 
[0039] 7 electrode substrate 
[0040] 8 electron acceleration layer 
[0041] 9 thin-?lm electrode 
[0042] 10 poWer supply (?rst voltage applying means) 
[0043] 11 insulator particle (second dielectric material) 
[0044] 12 metal particle (conductive particle formed 
With an electric conductive material and surrounded by a 
?rst dielectric material) 

[0045] 13 air pipe 
[0046] 14 fan 
[0047] 15 temperature measuring terminal 
[0048] 17 substrate thin-?lm electrode 
[0049] 18 ?exible substrate 
[0050] 19 rotary-blade air?oW generator 
[0051] 20 blade 
[0052] 2011 surface 
[0053] 21 electron emitting element 
[0054] 22 mesh substrate 
[0055] 2211 surface 
[0056] 30 ion 

DESCRIPTION OF EMBODIMENTS 

[0057] A heat exchanger of the present invention is a device 
Whichuses an ionic Wind to exchange heat betWeen (i) a target 
of heat exchange and (ii) a contact member Which is in contact 
With the target of heat exchange. The heat exchange includes: 
temperature raising or heating, i.e., transferring heat from a 
contact member having a higher temperature to a target of 
heat exchange, the target having a loWer temperature; and 
cooling, i.e., transferring heat from a target of heat exchange, 
the target having a higher temperature, to a contact member 
having a loWer temperature. Embodiments beloW each 
describe, as an example of the heat exchanger of the present 
invention, a cooling device for cooling a heating element. The 
heat exchanger described in each of the embodiments beloW 
can naturally be used as a heating device for raising a tem 
perature of or heating a target of heat exchange. 

Embodiment 1 

[0058] One embodiment of the present invention is 
described beloW With reference to FIGS. 1 through 9. Note 
that an arrangement described beloW is merely a speci?c 
example of the present invention. Thus, the present invention 
is not limited to this arrangement. FIG. 1 is a cross-sectional 
vieW illustrating a preferable example of a heat exchanger 
(cooling device) 1 according to the present embodiment. 
[0059] The heat exchanger 1 is a device for releasing, to the 
outside, heat generated by a heating element (target of heat 
exchange) 2. The heat exchanger 1 includes: a heat sink 
(contact member) 3; an electron emitting element 4; and a 
poWer supply (second voltage applying means) 5. The heat 
sink 3, Which is made of a conductive material, is in contact 
With the heating element 2. The heat sink 3 has a surface 311 
opposite from the heating element 2 Which surface is in con 
tact With air. The heat sink 3 includes a plurality of convexities 
3b formed at least partially along the surface. The electron 
emitting element 4 is provided so as to face the surface 311 of 
the heat sink 3. The electron emitting element 4 is separated 
from the surface 311 of the heat sink 3 by a space, and thus 
provides electrons to the heat sink 3 via the air in the space. 
The heat sink 3 and the electron emitting element 4 are con 
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nected to the poWer supply 5. The poWer supply 5 thus applies 
a voltage betWeen the heat sink 3 and the electron emitting 
element 4. This voltage causes the electron emitting element 
4 to emit electrons. These electrons collide With air molecules 
present in the space betWeen the heat sink 3 and the electron 
emitting element 4. This collision then ioniZes the air mol 
ecules. The air molecules thus ioniZed move along directions 
indicated by arroWs shoWn in FIG. 1 (i.e., through an electric 
?eld generated betWeen the heat sink 3 and the electron emit 
ting element 4). This generates an ionic Wind. The ions arrive 
at the heat sink 3, and thus stir air molecules Which are present 
along the surface of the heat sink 3 and Which have been 
heated by heat from the heating element 2. The arrival of the 
ions at the heat sink 3 Will cause the heat sink 3 to be charged 
up. To prevent the heat sink 3 from being charged up, the heat 
exchanger 1 is connected to ground 6. 
[0060] FIG. 2 is an enlarged vieW illustrating respective 
main portions of the heat sink 3 and the electron emitting 
element 4 of the heat exchanger 1 illustrated in FIG. 1. As 
illustrated in FIG. 2, the electron emitting element 4 includes: 
an electrode substrate 7; an electron acceleration layer 8; a 
thin-?lm electrode 9; and a poWer supply (?rst voltage apply 
ing means) 10. The electron acceleration layer 8 is sand 
Wiched betWeen the electrode substrate 7 and the thin-?lm 
electrode 9. The poWer supply 10 applies a voltage betWeen 
the electrode substrate 7 and the thin-?lm electrode 9. The 
electron acceleration layer 8 is made at least partially of an 
insulating material. The electron emitting element 4 acceler 
ates electrons betWeen the electrode substrate 7 and the thin 
?lm electrode 9 (i.e., in the electron acceleration layer 8) in 
response to the voltage applied betWeen the electrode sub 
strate 7 and the thin-?lm electrode 9. The electron emitting 
element thus emits electrons from the thin-?lm electrode 9. 
[0061] As described above, the heat exchanger 1 includes 
the tWo poWer supplies 5 and 10. The poWer supply 10 is used 
to accelerate electrons in the electron acceleration layer 8 of 
the electron emitting element 4 so that the electrons are emit 
ted from the thin-?lm electrode 9. On the other hand, the 
poWer supply 5 is used to provide the electrons from the 
thin-?lm electrode 9 to the heat sink 3. 
[0062] The heat sink 3 may be separated from the thin-?lm 
electrode 9 by any distance, provided that it is possible to 
provide the electrons from the thin-?lm electrode 9 to the heat 
sink 3. The distance, for example, falls preferably Within a 
range from 100 um to 50 cm, more preferably Within a range 
from 100 pm to 10 mm, or particularly preferably Within a 
range from 100 pm to 1 mm. 

[0063] According to the heat exchanger 1, the electrode 
substrate 7 of the electron emitting element 4 may be (i) a 
substrate made of a metal such as SUS, Ti, and Cu, or (ii) a 
substrate made of a semiconductor such as Si, Ge, and GaAs. 
Alternatively, in a case Where an insulator substrate such as a 
glass substrate is used as the electrode substrate 7, a conduc 
tive material such as a metal may be attached to the insulator 
substrate along an interface betWeen the insulator substrate 
and the electron acceleration layer 8 so as to serve as an 
electrode. 

[0064] The thin-?lm electrode 9 is used to apply a voltage 
across the electron acceleration layer 8. The thin-?lm elec 
trode 9 may thus be made of any material, provided that the 
material alloWs the voltage to be applied. HoWever, the elec 
trons accelerated through the electron acceleration layer 8 
and thus having a high energy are desirably transmitted 
through the thin-?lm electrode and emitted therefrom With a 
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smallest possible energy loss. In vieW of this, it is preferable 
to use a material Which has a loW Work function and of Which 
a thin ?lm can be made. This can achieve a greater effect. 
Examples of such a material encompass gold, carbon, tita 
nium, nickel, and aluminum. 
[0065] The electron acceleration layer 8 is simply required 
to include: conductive particles each made of an electric 
conductive material and surrounded by a ?rst dielectric mate 
rial; and a second dielectric material larger than the conduc 
tive particles. The present embodiment describes (i) the ?rst 
dielectric material as a coating material Which coats the con 
ductive particles and (ii) the conductive particles as insula 
tively coated metal particles 12. Further, the present embodi 
ment describes the second dielectric material as insulator 
particles 11 having an average diameter larger than an aver 
age diameter of the metal particles 12, Which are insulatively 
coated. HoWever, an arrangement of the electron acceleration 
layer 8 is not limited to this. The electron acceleration layer 
may, for example, be arranged as folloWs: The second dielec 
tric material takes the form of a sheet, and is provided on the 
electrode substrate 7. The second dielectric material has a 
plurality of openings Which penetrate the second dielectric 
material in a direction from the electrode substrate to the 
second dielectric material. These openings contain the con 
ductive particles, Which are dielectrically coated With the 
coating material. 
[0066] FIG. 3 is an enlarged cross-sectional vieW illustrat 
ing a main portion of the electron acceleration layer 8 in the 
heat exchanger 1. As illustrated in FIG. 3, the electron accel 
eration layer 8 includes: the insulator particles 11 Which serve 
as the second dielectric material; and the metal particles 12 
Which serve as the conductive particles and Which are made of 
the electric conductive material surrounded by the ?rst dielec 
tric material. The electron acceleration layer 8, as described 
above, includes tWo kinds of particles, namely the insulator 
particles 11 and the metal particles 12. 
[0067] The insulatively coated metal particles 12 may be of 
any kind of metal, provided that an operating principle of 
generating ballistic electrons can be realiZed. HoWever, to 
prevent oxidative degradation occurring When the heat 
exchange is performed under an atmospheric pressure, it is 
preferable to use a metal Which is not easily oxidiZed. 
Examples of such a metal encompass gold, silver, platinum, 
nickel, and palladium. Also, the insulating coating for the 
insulatively coated metal particles 12 may be any insulating 
coating, provided that the operating principle of generating 
ballistic electrons can be realiZed. HoWever, if the insulating 
coating is formed With a coating made of oxidiZed metal 
particles, such an oxide coating may be subject to oxidative 
degradation in an atmosphere, and in turn have a thickness 
larger than a desired thickness. Thus, to prevent oxidative 
degradation occurring When the atmospheric pressure is 
changed, the insulating coating is preferably made of an 
organic material. Examples of such an organic material 
encompass alcoholate, aliphatic acid, and alkanethiol. 
According to the principle (described beloW in detail) of 
generating ballistic electrons, it is important that the insula 
tively coated metal particles 12 each have a diameter not 
larger than 10 nm, and also the insulating coating is more 
effective When having a smaller thickness. 

[0068] The insulator particles 11 may be made of any mate 
rial, provided that the material is an insulating material. The 
insulator particles 11 desirably make up 80 W % to 95 W % of 
all materials included in the electron acceleration layer 8. To 
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achieve an appropriate resistivity and heat dissipation effect, 
it is necessary to include 2 to 300 metal particles 12 for every 
insulator particle 1 1. In other Words, the insulator particles 11 
and the metal particles 12 need to be present at a number ratio 
of 112-300. Also, the insulator particles 11 each preferably 
have a diameter of 5 to 1000 nm. Thus, the insulator particles 
11 are practically made of a material such as SiO2, A1203, and 
TiO2. The insulator particles may alternatively be made of an 
organic polymer. 
[0069] A thinner electron acceleration layer 8 alloWs a 
stronger electric ?eld to be applied thereto. Hence, a thin 
electron acceleration layer only requires a loW voltage to be 
applied thereto in order to accelerate electrons. The electron 
acceleration layer cannot have a thickness smaller than the 
average diameter of the insulator particles 11. Thus, the elec 
tron acceleration layer preferably has a thickness Within a 
range from 5 to 1000 nm. 

[0070] The folloWing describes a principle of electron 
emission. As illustrated in FIG. 3, some insulatively coated 
metal particles 12 in the electron acceleration layer 8 are 
present continuously in contact With one another. This trans 
lates into an insulating material and an electric conductive 
material present alternately. FIG. 4 is an energy band diagram 
for a voltage applied to such a portion. 

[0071] As illustrated in FIG. 4, an electron enters the elec 
tron acceleration layer 8 from the electrode substrate 7 due to 
an electric ?eld. The electron enters an insulating material 
due to a tunnel effect. A strong electric ?eld applied across the 
insulating material accelerates the electron, and causes the 
electron to increase its energy. The electron passes through 
the insulating material, and then enters an electric conductive 
material, Which is formed With a metal. While electrons have 
a mean free path of 10 nm or longer in a metal, the insulatively 
coated metal particles 12 each have a radius of 10 nm or 
smaller. Thus, the electron collides With no metal atoms, and 
passes through the electric conductive material Without being 
scattered. The electron then tunnels through another insulat 
ing material. Repetition of this process causes the electron to 
have a high energy and thus to turn into a ballistic electron. 
The electron ?nally arrives at the thin-?lm electrode 9. If the 
electron has an energy not loWer than a Work function of the 
thin-?lm electrode 9, the electron passes through the thin-?lm 
electrode 9, and then is emitted therefrom. The electron emit 
ting element 4 can emit electrons on the basis of the principle 
described above. 

[0072] As described above, the heat exchanger 1 causes the 
electron emitting element 4 to generate a gas ?oW under an 
atmospheric pressure, and also uses an electric ?eld to cause 
the gas to arrive at the heat sink 3, Which is in contact With the 
heating element 2. As such, the heat exchanger 1 does not 
generate a gas How in vacuum. This increases a speed of the 
gas How of the ionic Wind, and in turn increases a cooling 
effect. 

[0073] The heat sink 3 of the heat exchanger 1 includes, in 
at least a portion thereof, a concavity or a convexity. Such a 
concavity or a convexity included in at least a portion of the 
heat sink alloWs heat to be transferred to a larger number of 
gas molecules. This increases a heat dissipation effect. The 
electron emitting element 4 is placed in parallel With the heat 
sink 3. This alloWs the ionic Wind to arrive at the heat sink 3 
While preventing concentration of the electric ?eld in the 
electron emitting element. This in turn alloWs heated gas 
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molecules to be removed entirely from a heat dissipation 
surface of the heat sink 3, and consequently increases the heat 
dissipation effect. 
[0074] The voltage applied by the poWer supply 5 betWeen 
the heat sink 3 and the thin-?lm electrode 9 of the electron 
emitting element 4 may be any voltage, provided that the 
voltage causes negatively charged ions to arrive at the heating 
element 2. The voltage preferably has a loWer limit of higher 
than 0 V. For example, the loWer limit is preferably +10 V or 
higher, more preferably +100 V or higher, or particularly 
preferably +200V or higher. Further, the applied voltage may 
have any upper limit. Practically, in consideration of a limit 
(described beloW) on an electric ?eld strength, the upper limit 
is preferably +10 kV or loWer, or more preferably +1 kV or 
loWer. 
[0075] The electric ?eld applied betWeen the heat sink 3 
and the thin-?lm electrode 9 of the electron emitting element 
4 may have any strength. For example, the strength is 1 V/m 
or greater, preferably 10 V/m or greater, or more preferably 
1000 V/m or greater. To prevent generation of oZone, the 
electric ?eld strength has an upper limit of preferably 107 V/m 
or loWer, or more preferably 106 V/m. This prevents genera 
tion of haZardous substances such as oZone and nitrogen 
oxides. 
[0076] According to the present invention, it is preferable to 
connect the heat sink 3 to ground before the gas from the 
electron emitting element 4 is bloWn toWard the heat sink 3, 
Which is in contact With the heating element 2. This prevents 
the heating element 2 from being charged up. 
[0077] The gas ?oW generated by the electron emitting 
element 4 may be used in combination With an air?oW gen 
erated by a rotary-blade air?oW generator. Alternatively, such 
a rotary-blade air?oW generator may not be used. 
[0078] According to the heat exchanger 1, the heat sink 3 
may face an electron emission surface of the thin-?lm elec 
trode 9 in the electron emitting element 4 at any angle. For 
example, the angle falls preferably Within a range from 00 to 
90°, more preferably Within a range from 00 to 45°, or par 
ticularly preferably Within a range from 0° to 10°. This pre 
vents concentration of lines of electric force betWeen the heat 
sink 3 and the electron emitting element 4, and in turn elimi 
nates a risk of ?oWing a current betWeen the terminals of the 
electron emitting element 4 serving as an electron source 
element. 

Example 1 

[0079] With reference to FIGS. 5 and 6, the folloWing 
describes, as an example, experiments for verifying the heat 
dissipation effect achieved by the heat exchanger according 
to the present invention. Note that these experiments merely 
serve as example embodiments, and that the description of the 
experiments does not limit the scope of the present invention. 
[0080] The experiments of the present example Were con 
ducted With use of a heat exchanger illustrated in FIG. 5. The 
heat exchanger illustrated in FIG. 5 Was equipped With a fan 
14 (air?ow generator) so that the fan Would bloW air toWard 
the heat sink 3. The heating element 2 serving as the heat 
source Was arranged to start or stop generating heat in 
response to an on-off action of a sWitch. When the sWitch Was 
turned off, the heating element Would stop generating heat. In 
the present example, the heat generation by the heating ele 
ment 2 Was stopped (i.e., the sWitch Was turned off) simulta 
neously With a start of temperature measurement With use of 
a temperature measuring terminal 15. The temperature mea 
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suring terminal 15 included a thermocouple Which Would be 
in contact With a surface of the heat sink 3, and Which Would 
thus measure a surface temperature of the heat sink. 

[0081] In the present example, after the heat generation by 
the heating element 2 Was stopped, ?rst and second experi 
ments described beloW Were conducted, in Which a tempera 
ture of the heating element 2 Was measured over time. The 
heat dissipation effect Was veri?ed by making a comparison 
betWeen respective temporal changes in the temperature of 
the heating element 2 of the tWo experiments. 
[0082] In the ?rst experiment, the heating element 2 Was 
cooled only With use of air bloWn by the fan (air?ow genera 
tor) 14, While the poWer supply 5 generated no applied volt 
age (i.e., no voltage Was applied betWeen the heat sink 3 and 
the electron emitting element 4). In the second experiment, 
the heating element 2 Was cooled, While the poWer supply 5 
generated an applied voltage, With use of a combination of (i) 
air bloWn by the fan 14 and (ii) ions 30 emitted from the 
electron emitting element 4. 
[0083] The heat exchanger used in the ?rst and second 
experiments Was equipped With an air pipe 13 so that a rate of 
gas How Was identical betWeen the experiments, even in the 
case Where the air bloWn by the fan 14 Was mixed With a Wind 
of ions 30. In the ?rst and second experiments, the rate of gas 
How Was 9 L/min. Further, in the second experiment, a current 
recovered at the heat sink 3 due to the electron emission 
caused by the voltage application Was Within a range from 10 
to 14 [1A. 
[0084] FIG. 6 shoWs a result of measuring the temporal 
changes in the temperature of the heating element 2 in the ?rst 
and second experiments. FIG. 6 shoWs that the temperature of 
the heating element 2 for the second experiment Was loWered 
more rapidly than that of the heating element for the ?rst 
experiment. FIG. 6 further shoWs that, 60 seconds after the 
start of the temperature measurement, a temperature drop 
caused by the cooling of the second experiment Was approxi 
mately 767% of a temperature drop caused by the cooling of 
the ?rst experiment. 

Embodiment 2 

[0085] Another embodiment of the present invention is 
described beloW With reference to FIG. 7. 

[0086] A heat exchanger of the present embodiment has an 
arrangement and a drive principle Which are basically iden 
tical to those of the heat exchanger according to Embodiment 
1. Such identical parts of the arrangement and the drive prin 
ciple are not described here. The heat exchanger of the present 
embodiment differs from the heat exchanger of Embodiment 
1 in hoW the electron emitting element is arranged. FIG. 7 is 
a vieW illustrating the arrangement of the electron emitting 
element and its surroundings of the heat exchanger according 
to the present embodiment. 

[0087] As illustrated in FIG. 7, the electron emitting ele 
ment 16 is characteriZed by its ?exibility. The electron emit 
ting element 16 includes: a ?exible substrate 18; a substrate 
thin-?lm electrode 17; the electron acceleration layer 8; and 
the thin-?lm electrode 9. The substrate thin-?lm electrode 17 
and the thin-?lm electrode 9 are connected to the poWer 
supply 10. The electron emitting element 16 accelerates elec 
trons betWeen the substrate thin-?lm electrode 17 and the 
thin-?lm electrode 9 (i.e., in the electron acceleration layer 8) 
in response to a voltage applied betWeen the substrate thin 
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?lm electrode 17 and the thin-?lm electrode 9. The electron 
emitting element thus emits electrons from the thin-?lm elec 
trode 9. 

Embodiment 3 

[0088] Still another embodiment of the present invention is 
described beloW With reference to FIG. 8. 
[0089] A heat exchanger of the present embodiment has an 
arrangement and a drive principle Which are basically iden 
tical to those of the heat exchanger according to Embodiment 
1. Such identical parts of the arrangement and the drive prin 
ciple are not described here. The heat exchanger of the present 
embodiment differs from the heat exchanger of Embodiment 
l in that the electron emitting element is provided to a rotary 
blade air?oW generator. FIG. 8 is a vieW illustrating the 
rotary-blade air?oW generator 19 included in the heat 
exchanger according to the present embodiment. 
[0090] As illustrated in FIG. 8, the rotary-blade air?oW 
generator 19 includes a blade 20, and is designed to rotate the 
blade 20 so as to bloW air toWard the heating element (target 
of heat exchange). The blade 20 is designed to be rotated 
along a rotation direction R (i.e., along a direction indicated 
by an arroW in FIG. 8) so as to bloW air from a rear side toWard 
a front side of the draWing (i.e., toWard a vieWer of the 
draWing). FIG. 8 indicates the air bloW direction by S. 
[0091] According to the heat exchanger of the present 
embodiment, the heat sink 3 is provided so as to face a surface 
20a of the blade 20 included in the rotary-blade air?oW gen 
erator 19. The heat sink 3 is in contact With the heating 
element 2. 
[0092] According to the heat exchanger of the present 
embodiment, the rotary-blade air?oW generator 19 is pro 
vided With the electron emitting element 4 of Embodiment l 
or the electron emitting element 16 of Embodiment 2. In other 
Words, the electrode substrate 7 or the ?exible substrate 18 is 
placed on the surface 20a of the blade 20. 
[0093] This alloWs (i) the air from the rotary-blade air?oW 
generator 19 and (ii) the charged gas (ions) from the electron 
emitting element 4 (or 16) to be simultaneously bloWn toWard 
the heat sink 3, Which is attached to the heating element 2. 

Embodiment 4 

[0094] Yet another embodiment of the present invention is 
described beloW With reference to FIG. 9. 
[0095] A heat exchanger of the present embodiment has an 
arrangement and a drive principle Which are basically iden 
tical to those of the heat exchanger according to Embodiment 
1. Such identical parts of the arrangement and the drive prin 
ciple are not described here. The heat exchanger of the present 
embodiment differs from the heat exchanger of Embodiment 
l in that the electron emitting element takes the form of a 
mesh. FIG. 9 is a vieW illustrating the electron emitting ele 
ment included in the heat exchanger according to the present 
embodiment. Air is bloWn from a rear side toWard a front side 
of FIG. 9 (i.e., toWard a vieWer of the draWing). FIG. 9 
indicates an air bloW direction by S'. 
[0096] As illustrated in FIG. 9, the electron emitting ele 
ment 21 takes the form of a mesh. The electron emitting 
element 21 includes a mesh substrate 22. The mesh substrate 
22 has a plurality of openings 22b Which penetrate the mesh 
substrate in the air bloW direction 8'. According to the heat 
exchanger of the present embodiment, the heat sink 3 is 
provided so as to face a surface 22a of the mesh substrate 22. 
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The heat sink 3 is in contact With the heating element 2. The 
air is thus bloWn along the air bloW direction S' through the 
openings 22b toWard the heat sink 3. 
[0097] According to the heat exchanger of the present 
embodiment, the mesh substrate 22 is provided With the elec 
tron emitting element 4 of Embodiment l or the electron 
emitting element 16 of Embodiment 2. In other Words, the 
electrode substrate 7 or the ?exible substrate 18 is placed on 
the surface 22a of the mesh substrate 22. 
[0098] As described above, the heat exchanger of the 
present invention can stably bloW an ionic Wind even With a 
reduced interelectrode distance. This alloWs for doWnsiZing 
of a cooling device. 
[0099] The electron emitting element serving as an electron 
source element can be formed by a coating method on a 
surface Which is ?exible or Which has irregularities. This 
alloWs a TV set to include a cooling function in its cabinet 
section. As a result, it is possible to simultaneously reduce the 
thickness of a liquid crystal display TV and cool a high 
temperature portion of the TV. 
[0100] In addition, since the reduced distance alloWs no 
electric discharge, no oZone or nitrogen oxide is generated. 
Thus, the heat exchanger can be mounted in household elec 
tric appliances. For example, increasing the cooling effect, 
achieved through spontaneous heat dissipation, of a refriger 
ant for a refrigerator alloWs for a reduction in poWer con 
sumption and for doWnsiZing of a compressor. Further, as 
illustrated in FIG. 5, the heat exchanger can rapidly remove 
heat from the vicinity of a heat source. This advantage can be 
used to provide an ionic Wind to a heat source of an air 
conditioner or a fan heater. This alloWs for quickly serving 
Warm air to a user. In addition, since Warm air can be provided 
e?iciently, it is possible to reduce a heater output and conse 
quently to reduce poWer consumption. Furthermore, in a case 
Where the heat exchanger is included in a Washer-dryer, the 
Washer-dryer can also bloW strong Warm air toWard Wet 
clothes. Therefore, it is possible to reduce poWer consump 
tion by reducing a heater output, and also to doWnsiZe the 
device (Washer-dryer). In the case of the Washer-dryer, the 
heat exchanger bloWs an ionic Wind toWard clothes. This 
prevents the clothes from being tangled up due to their tri 
boelectricity. As a result, it is possible to improve a drying 
e?iciency and in turn to reduce a drying time. 
[0101] As described above, a heat exchanger of the present 
invention includes: a contact member Which is electrically 
conductive and Which is for contacting With a target of heat 
exchange; and an electron emitting element Which is provided 
so as to be separated from the contact member by a space and 
Which provides electrons to the contact member via air in the 
space, the electron emitting element including: an electrode 
substrate; a thin-?lm electrode; ?rst voltage applying means 
for applying a voltage betWeen the electrode substrate and the 
thin-?lm electrode; and an electron acceleration layer Which 
accelerates electrons inside itself by the voltage applied from 
the ?rst voltage applying means so that the electrons thus 
accelerated are emitted from the thin-?lm electrode, the elec 
tron acceleration layer being formed at least partially from an 
insulating material. 
[0102] The heat exchanger of the present invention may 
preferably be arranged such that the electron acceleration 
layer includes: conductive particles formed from an electric 
conductive material and surrounded by a ?rst dielectric mate 
rial; and a second dielectric material larger than the conduc 
tive particles. 
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[0103] According to the above arrangement, the electron 
acceleration layer creates a multilayer MIM structure by an 
assembly of the conductive particles each formed With the 
electric conductive material and surrounded by the ?rst 
dielectric material. In addition, applying the voltage betWeen 
the electrode substrate and the thin-?lm electrode accelerates 
electrons passing through the electron acceleration layer, and 
thus turns the electrons into ballistic electrons so that these 
ballistic electrons pass through the thin-?lm electrode, 
Whereby the electrons can be emitted. 
[0104] The second dielectric material can serve to adjust a 
resistance of the electron acceleration layer. Further, the sec 
ond dielectric material can also serve to dissipate, e.g., heat 
generated in the process during Which electrons sequentially 
tunnel through the insulatively coated metal particles. As a 
result, it is possible to prevent the electron emitting element 
from being broken due to heat. 
[0105] The heat exchanger of the present invention, Which 
includes the electron acceleration layer having the above 
arrangement, can stably emit electrons in response to a low 
voltage and can thus cause air molecules to be ioniZed even if 
the interelectrode distance is small. Hence, the above arrange 
ment alloWs for doWnsiZing of a heat exchanger. In addition, 
the above arrangement causes planar emission of electrons. 
This prevents electric ?eld concentration, and thus improves 
stability. Furthermore, since no electric ?eld concentration 
occurs, no damage arising from arc discharge is caused to the 
contact member or to the target of heat exchange. 
[0106] The heat exchanger of the present invention may 
preferably be arranged such that the electric conductive mate 
rial, from Which the conductive particle is formed, includes at 
least one of gold, silver, platinum, nickel, and palladium. 
[0107] The above inclusion of at least one of gold, silver, 
platinum, nickel, and palladium in the electric conductive 
material, With Which the conductive particle is formed, pre 
vents the conductive particle from deteriorating due to, e.g., 
oxidiZation caused by atmospheric oxygen. As a result, it is 
possible to extend a lifetime of the electron emitting element. 
[0108] The heat exchanger of the present invention may 
preferably be arranged such that the ?rst dielectric material 
includes at least one of alcoholate, aliphatic acid, and 
alkanethiol. 
[0109] The above inclusion of at least one of alcoholate, 
aliphatic acid, and alkanethiol in the ?rst dielectric material 
prevents the conductive particle from deteriorating due to, 
e.g., groWth of the ?rst dielectric material, the groWth arising 
from oxidiZation caused by atmospheric oxygen. As a result, 
it is possible to extend the lifetime of the electron emitting 
element more effectively. 
[0110] The heat exchanger of the present invention may 
preferably be arranged such that the second dielectric mate 
rial includes either at least one of SiO2, A1203, and TiO2, or an 
organic polymer. 
[0111] In the case Where the second dielectric material 
includes either at least one of SiO2, A1203, and TiO2, or an 
organic polymer, since these substances are highly insulating, 
it is possible to adjust the resistance of the electron accelera 
tion layer so that the resistance falls Within a certain range. 

[0112] The heat exchanger of the present invention may 
preferably be arranged such that the thin-?lm electrode 
includes at least one of gold, carbon, nickel, titanium, and 
aluminum. 
[0113] In the case Where the thin-?lm electrode includes at 
least one of gold, carbon, nickel, titanium, and aluminum, 

Dec. 9, 2010 

since each of these substances has a 10W Work function, it is 
possible to (i) cause the electrons accelerated in the particle 
layer to e?iciently tunnel through the particles, and thus to (ii) 
cause more electrons having a high energy to be emitted from 
the electron emitting element. 
[0114] The heat exchanger of the present invention may 
preferably be arranged such that the ?rst dielectric material is 
a coating material for coating the conductive particle; the 
coating material has a thickness smaller than an average 
diameter of the conductive particles; the second dielectric 
material takes a form of particles having an average diameter 
larger than the average diameter of the conductive particles, 
coated dielectrically With the coating material. In this case, 
the particles of the second dielectric material preferably have 
an average diameter Which falls Within a range from 30 nm to 
1000 nm. In the case Where the average diameter of the 
particles of the second dielectric material is set to 30 nm to 
1000 nm, it is possible to e?iciently dissipate heat generated 
When electrons sequentially tunnel through the dielectrically 
coated conductive particles, and thus to prevent the electron 
emitting element from being broken due to heat. Further, it is 
also possible to facilitate adjusting the resistance of the elec 
tron acceleration layer. 
[0115] The heat exchanger of the present invention may 
preferably be arranged such that the ?rst dielectric material is 
a coating material for coating the conductive particle; the 
coating material has a thickness smaller than an average 
diameter of the conductive particles; the second dielectric 
material takes a form of a sheet, and is placed on the electrode 
substrate; the second dielectric material has a plurality of 
openings Which penetrate the second dielectric material in a 
thickness direction; and the openings contain the conductive 
particles, Which are dielectrically coated With the coating 
material. 

[0116] The conductive particles, Which are dielectrically 
coated, preferably have an average diameter of 10 nm or 
smaller. In the case Where the dielectrically coated conductive 
particles have an average diameter of 10 nm or smaller, this 
average diameter of the conductive particles is equal to or 
smaller than the mean free path of electrons in electric con 
ductive being scattered. As a result, the electrons are turned 
into ballistic electrons, and are thus caused to have a high 
energy. 

[0117] The heat exchanger of the present invention may 
preferably be arranged such that the second dielectric mate 
rial accounts for 80 W % to 95 W % of the electron acceleration 
layer. 
[0118] In the case Where the second dielectric material 
makes up from 80 W % to 95 W % of the electron acceleration 
layer, it is possible to appropriately increase the resistance of 
the electron acceleration layer, and thus to prevent the elec 
tron emitting element from being broken due to a large num 
ber of electrons simultaneously ?oWing through the electron 
emitting element. 
[0119] The heat exchanger of the present invention may 
preferably be arranged such that the electron acceleration 
layer has a thickness Which falls Within a range from 30 nm to 
1000 nm. 

[0120] In the case Where the electron acceleration layer has 
a thickness Which falls Within the range from 30 nm to 1000 
nm, it is possible to (1) cause electrons to perform tunneling 
an appropriate number of times, and thus to (ii) cause the 
electrons to be emitted more ef?ciently. 
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[0121] The heat exchanger of the present invention may be 
arranged such that the heat exchanger is a cooling device for 
cooling a heating element as the target of heat exchange. 
[0122] The heat exchanger of the present invention may 
preferably be arranged such that the contact member is a heat 
sink having an up-and-doWn surface Which faces the electron 
emitting element. Further, the electron emitting element is 
favorably provided in parallel With the irregularity of the heat 
sink. 
[0123] In vieW of device doWnsiZing, the above arrange 
ment alloWs a device having a certain siZe to include more 
projections of the irregularities than a conventional ionic 
Wind generator. This consequently improves the heat 
exchange capability. 
[0124] The heat exchanger of the present invention may 
preferably be arranged such that the electron emitting ele 
ment is con?gured to generate a gas ?oW under an atmo 
spheric pressure. 
[0125] According to the above arrangement, the electron 
emitting element is designed to generate a gas ?oW under an 
atmospheric pressure, but not in vacuum. As a result, it is 
possible to increase a speed of the gas How of the ionic Wind, 
and in turn to increase the heat exchange effect. 
[0126] The heat exchanger of the present invention may 
preferably further include: a substrate having a plane surface 
or a rounded surface, Wherein the electron emitting element is 
formed on the substrate. In addition, the electron emitting 
element is preferably ?exible. 
[0127] For example, in a case Where the target of heat 
exchange, i.e., a heat exchange target, has a rounded surface, 
the above arrangement alloWs the electron emitting element 
to be provided in parallel With the rounded surface. This 
prevents electric ?eld concentration from occurring inside the 
element, and thus prevents electri?cation from occurring 
Within the element. In addition, the above arrangement alloWs 
the electron emitting element to emit electrons from a plane 
surface, and thus causes electrically charged gas (ionic Wind) 
to be bloWn from the plane surface. This consequently 
increases the heat exchange effect. 
[0128] The heat exchanger of the present invention may 
preferably further include: a rotary-blade air?oW generator 
Which includes a blade provided so as to face the contact 
member and Which rotates the blade so as to bloW air toWard 
the contact member, Wherein the electron emitting element is 
provided on a surface of the blade Which surface faces the 
contact member. 

[0129] According to the above arrangement, the electron 
emitting element is provided on the surface of the blade of the 
rotary-blade air?oW generator Which surface faces the contact 
member. This causes ions generated due to collision of elec 
trons emitted from the electron emitting element to be carried 
by the air bloWn toWard the contact member, and conse 
quently to arrive at the contact member. In other Words, the 
ions travel Without being resisted by an air current, and then 
arrive at the contact member. The above arrangement 
increases Wind poWer, and consequently improves the heat 
exchange effect achieved by the electrically charged gas. The 
above arrangement further alloWs for device doWnsiZing and 
for a reduction in poWer consumption. 
[0130] The heat exchanger of the present invention may 
preferably be arranged such that the electron emitting ele 
ment takes a form of a mash. 

[0131] The above arrangement causes air to be readily 
draWn from behind the electrode substrate, and thus causes 
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gas to be readily bloWn from the entire surface of the electron 
emitting element toWard the contact member. This increases 
an amount of the gas, and consequently improves the heat 
exchange effect. 
[0132] The heat exchanger of the present invention may 
preferably further include: second voltage applying means 
for applying a voltage betWeen the contact member and the 
electron emitting element, Wherein the voltage applied by the 
second voltage applying means is higher than 0 V and not 
higher than +10 kV. 
[0133] According to the above arrangement, the heat 
exchanger includes the second voltage applying means for 
applying the voltage betWeen the contact member and the 
electron emitting element. Further, the voltage applied by the 
second voltage applying means is higher than 0 V and not 
higher than +10 kV. In other Words, the voltage applied by the 
second voltage applying means is higher than the voltage 
applied by the ?rst voltage applying means. Consequently, 
the above arrangement causes negatively charged ions to 
arrive at the contact member, and thus dissipates heat gener 
ated by the heating element. 
[0134] The heat exchanger of the present invention may 
preferably be arranged such that a strength of an electric ?eld 
generated betWeen the contact member and the electron emit 
ting element falls Within a range from 1 V/m to 107 V/m. 
[0135] The above arrangement alloWs electrons to be pro 
vided to oxygen molecules included in the air molecules With 
use of an energy loWer than 6 electron volts, Which is an 
energy of dissociation for oxygen. This prevents generation 
of haZardous substances such as oZone and nitrogen oxide. In 
other Words, since the mean free path for electrons in an 
atmosphere is 0.1 um, in the case Where, for example, the 
electric ?eld strength is 107 um, the energy of an electron 
reaches 1 electron volt before the electron collides With an air 
molecule. Hence, setting the electric ?eld strength to loWer 
than 107 V/m prevents generation of oZone and nitrogen 
oxide. 
[0136] The heat exchanger of the present invention may 
preferably be arranged such that the contact member is 
grounded. 
[0137] This prevents charging of the target of heat 
exchange. 
[0138] The heat exchanger of the present invention may 
preferably be arranged such that the contact member is pro 
vided to make an angle With an electron emission surface of 
the thin-?lm electrode of the electron emitting element, the 
angle falling Within a range from 0° to 90°. 
[0139] According to the above arrangement, the contact 
member is provided so as to face the thin-?lm electrode of the 
electron emitting element at an angle Which falls Within the 
range from 00 to 90°. This prevents concentration of lines of 
electric force betWeen the contact member and the electron 
emitting element. This can in turn eliminate a risk of electri 
?cation occurring in the electron emitting element serving as 
an electron source element. 

[0140] The heat exchanger of the present invention may 
preferably be arranged such that the contact member is sepa 
rated from the electron emitting element by a distance Which 
falls Within a range from 100 pm to 50 cm. 

[0141] This causes the electron emitting element to be close 
to the contact member, Which is in contact With the target of 
heat exchange. This in turn improves the heat exchange 
effect. Further, making the electron emitting element of a 
material that is not easily oxidiZed alloWs the heat exchanger 
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to be driven for an extended period of time even in a case 
Where the heat exchanger is placed close to a heating element. 
[0142] The embodiments and concrete examples of imple 
mentation discussed in the foregoing detailed description of 
the invention serve solely to illustrate the technical details of 
the present invention, Which should not be narrowly inter 
preted Within the limits of such embodiments and concrete 
examples. The present invention may rather be applied in 
many variations Within the spirit of the present invention, 
provided that such variations do not exceed the scope of the 
patent claims set forth beloW. Further, the scope of the present 
invention naturally encompasses embodiments involving 
numerical ranges other than the numerical ranges presented 
in the present speci?cation, provided that such other numeri 
cal ranges are reasonable and consistent With the spirit of the 
present invention. 

INDUSTRIAL APPLICABILITY 

[0143] The heat exchanger of the present invention can 
stably bloW an ionic Wind even With a reduced interelectrode 
distance. This alloWs for doWnsiZing of a cooling device. The 
heat exchanger of the present invention is applicable to liquid 
crystal display TVs and laptop personal computers, both of 
Which require ef?cient cooling Within a small space and pre 
vention of Wind noise caused by a fan. 

1. A heat exchanger, comprising: 
a contact member Which is electrically conductive and 
Which is for contacting With a target of heat exchange; 
and 

an electron emitting element Which is provided so as to be 
separated from the contact member by a space and 
Which provides electrons to the contact member via air 
in the space, 

the electron emitting element including: 
an electrode substrate; a thin-?lm electrode; 
?rst voltage applying means for applying a voltage 

betWeen the electrode substrate and the thin-?lm elec 
trode; and 

an electron acceleration layer Which accelerates electrons 
inside itself by the voltage applied from the ?rst voltage 
applying means so that the electrons thus accelerated are 
emitted from the thin-?lm electrode, 

the electron acceleration layer being formed at least par 
tially from an insulating material. 

2. The heat exchanger according to claim 1, Wherein the 
electron acceleration layer includes: 

conductive particles formed from an electric conductive 
material and surrounded by a ?rst dielectric material; 
and 

a second dielectric material larger than the conductive par 
ticles. 

3. The heat exchanger according to claim 2, Wherein the 
electric conductive material, from Which the conductive par 
ticle is formed, includes at least one of gold, silver, platinum, 
nickel, and palladium. 

4. The heat exchanger according to claim 2, Wherein the 
?rst dielectric material includes at least one of alcoholate, 
aliphatic acid, and alkanethiol. 

5. The heat exchanger according to claim 2, Wherein the 
second dielectric material includes either at least one of SiO2, 
A1203, and TiO2, or an organic polymer. 

6. The heat exchanger according to claim 1, Wherein the 
thin-?lm electrode includes at least one of gold, carbon, 
nickel, titanium, and aluminum. 
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7. The heat exchanger according to claim 2, 
Wherein: 

the ?rst dielectric material is a coating material for coat 
ing the conductive particle; 

the coating material has a thickness smaller than an 
average diameter of the conductive particles; 

the second dielectric material takes a form of particles 
having an average diameter larger than the average 
diameter of the conductive particles, coated dielectri 
cally With the coating material. 

8. The heat exchanger according to claim 2, 
Wherein: 

the ?rst dielectric material is a coating material for coat 
ing the conductive particle; 

the coating material has a thickness smaller than an 
average diameter of the conductive particles; 

the second dielectric material takes a form of a sheet, and 
is placed on the electrode substrate; 

the second dielectric material has a plurality of openings 
Which penetrate the second dielectric material in a 
thickness direction; and 

the openings contain the conductive particles, Which are 
dielectrically coated With the coating material. 

9. The heat exchanger according to claim 7, Wherein the 
particles of the second dielectric material have an average 
diameter Which falls Within a range from 30 nm to 1000 nm. 

10. The heat exchanger according to claim 7, Wherein the 
conductive particles, Which are dielectrically coated, have an 
average diameter of 10 nm or smaller. 

11. The heat exchanger according to claim 2, Wherein the 
second dielectric material accounts for 80 W % to 95 W % of 
the electron acceleration layer. 

12. The heat exchanger according to claim 2, Wherein the 
electron acceleration layer has a thickness Which falls Within 
a range from 30 nm to 1000 nm. 

13. The heat exchanger according to claim 1, Wherein the 
heat exchanger is a cooling device for cooling a heating 
element as the target of heat exchange. 

14. The heat exchanger according to claim 1, Wherein the 
contact member is a heat sink having an up-and-doWn surface 
Which faces the electron emitting element. 

15. The heat exchanger according to claim 1, Wherein the 
electron emitting element is con?gured to generate a gas ?oW 
under an atmospheric pressure. 

16. The heat exchanger according to claim 1, further com 
prising: 

a substrate having a plane surface or a rounded surface, 
Wherein the electron emitting element is formed on the 

substrate. 
17. The heat exchanger according to claim 1, Wherein the 

electron emitting element is ?exible. 
18. The heat exchanger according to claim 1, further com 

prising: 
a rotary-blade air?ow generator Which includes a blade 

provided so as to face the contact member and Which 
rotates the blade so as to bloW air toWard the contact 

member, 
Wherein the electron emitting element is provided on a 

surface of the blade Which surface faces the contact 
member. 

19. The heat exchanger according to claim 1, Wherein the 
electron emitting element takes a form of a mash. 

20. The heat exchanger according to claim 1, further com 
prising: 
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second Voltage applying means for applying a Voltage 
between the contact member and the electron emitting 
element, 

Wherein the Voltage applied by the second Voltage applying 
means is higher than 0 V and not higher than +10 kV. 

21. The heat exchanger according to claim 20, Wherein a 
strength of an electric ?eld generated betWeen the contact 
member and the electron emitting element falls Within a range 
from 1 V/m to 107 V/m. 

22. The heat exchanger according to claim 1, Wherein the 
contact member is grounded. 
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23. The heat exchanger according to claim 1, Wherein the 
contact member is provided to make an angle With an electron 
emission surface of the thin-?lm electrode of the electron 
emitting element, the angle falling Within a range from 00 to 
90°. 

24. The heat exchanger according to claim 1, Wherein the 
contact member is separated from the electron emitting ele 
ment by a distance Which falls Within a range from 100 pm to 
50 cm. 


