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(54) HYGROMETER AND DEW-POINT INSTRUMENT

(57) A system comprising: a chamber which is sur-
rounded by a heat-insulating part; and a dew-point in-
strument for measuring a dew-point of a measurement
space, the dew-point instrument comprising: a main body
part configured by a heat pipe or a meandering capillary
tube type heat pipe or an oscillating heat pipe, said main
body part being configured to encapsulate a working fluid
therein and to cause a heat-pipe phenomenon and is
disposed across the measurement space and an external
space that is spaced from the measurement space by

the heat-insulating part and has a temperature lower than
that of the measurement space; and first temperature
deriving means configured to derive a temperature of the
main body part in a section where the working fluid evap-
orates, said section where the working fluid evaporates
corresponds to a part of the main body part which is in-
serted in the chamber; wherein the measurement space
is a space inside the chamber which is surrounded by
the heat-insulating part; wherein the external space is a
space outside the chamber.
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Description

Technical Field

[0001] The present invention relates to a hygrometer
and a dew-point instrument.

Background Art

[0002] Various hygrometers for measuring the humid-
ity of the atmosphere are known. For example, Patent
Document 1 below discloses a hygrometer for measuring
the humidity by using a wet and dry bulb. In this hygrom-
eter, a dry-bulb temperature sensor and a wet-bulb tem-
perature sensor of the same type are installed parallel to
each other, a tank with water therein is placed be low the
wet-bulb temperature sensor, and the sensing part of the
wet-bulb temperature sensor is covered with a wick made
of gauze or the like impregnated with water of the tank.
This hygrometer is configured to obtain a relative humid-
ity from the difference between the dry-bulb temperature
shown by the dry-bulb temperature sensor and the wet-
bulb temperature shown by the wet-bulb temperature
sensor.
[0003] Patent Document 2 below discloses a mirror-
surface condensing dew-point instrument. This mirror-
surface condensing dew-point instrument is based on
the principle in which when the surface temperature of
the reflecting mirror goes below the dew point of meas-
uring gas, the optical reflectance of the surface of the
reflecting mirror is reduced by dew condensation. The
dew point of the measuring gas is determined by com-
paring the received amount of reference light that passes
through the measuring gas without being reflected on the
reflecting mirror, with the received amount of measuring
light reflected on the reflecting mirror while passing
through the measuring gas.
[0004] Specifically, in this dew-point instrument, the
measuring gas is sent into the housing, and the reference
light travels straight from the first light source element
outside the housing to the measuring optical path inside
the housing via the optical fiber, and thereafter reaches
the first light receiving element outside the housing via
the optical fiber again. On the other hand, the measuring
light is introduced from the second light source element
outside the housing into the housing via the optical fiber,
is then reflected on the mirror surface of the reflecting
mirror inside the housing, and thereafter reaches the sec-
ond light receiving element outside the housing via the
optical fiber again. The reflecting mirror has a heat pump,
the cooling capacity of which is controlled by the control
circuit. The reflecting mirror is cooled by this heat pump,
and when the moisture within the measuring gas con-
tacting the reflecting mirror builds up condensation on
the mirror surface, the amount of light received by the
second light receiving element is reduced. Then, cooling
of the reflecting mirror performed by the heat pump is
controlled such that the amount of light received by the

second light receiving element is reduced relative to the
amount of light received by the first light receiving ele-
ment and such that the amount of light received by the
second light receiving element becomes constant. The
mirror surface temperature of the reflecting mirror is
measured by the temperature detector when the amount
of light received by the second light receiving element
becomes constant, whereby the dew point is obtained.
[0005] However, in the hygrometer described in Patent
Document 1, because the force for pumping up the water
is weakened when the wick becomes old and tainted, a
troublesome work for replacing the wick needs to be per-
formed each time. Therefore, there is a problem that the
workload of maintaining the hygrometer increases.
[0006] The dew-point instrument described in Patent
Document 2, on the other hand, is configured by a large
number of constituent parts including the two light source
elements, two light receiving elements, plurality of optical
fibers, reflecting mirror, heat pump, temperature detec-
tor, heat pump control circuit, temperature measuring cir-
cuit and so on. The problem therefore is that the structure
of this dew-point instrument is complicated.

Patent Document 1: Japanese Utility Model Regis-
tration No. 3021853
Patent Document 2: Japanese Patent Application
Publication No. 2003-194756

Disclosure of the Invention

[0007] The present invention was contrived in order to
solve the problems described above, and an object there-
of is to provide a hygrometer and a dew-point instrument
that can be structurally simplified while reducing the
workload of their maintenance.
[0008] In order to achieve the obj ect described above,
a hygrometer according to the present invention is a hy-
grometer for measuring a relative humidity of a meas-
urement space, the hygrometer having: a main body part
that is configured to encapsulate a working fluid therein
and to cause a heat-pipe phenomenon and is disposed
across the measurement space and an external space
that is spaced from the measurement space by a heat-
insulating part and has a temperature lower than that of
the measurement space; first temperature deriving
means for deriving a temperature of the main body part
in a section where the working fluid evaporates; a space
temperature detecting unit for detecting a temperature
of the measurement space; and a computation unit for
calculating the relative humidity of the measurement
space based on the temperature of the main body part
derived by the first temperature deriving means and the
temperature of the measurement space detected by the
space temperature detecting unit.
[0009] The hygrometer according to the present inven-
tion is a hygrometer for measuring a relative humidity of
the measurement space, the hygrometer having: a main
body part that is installed in the measurement space and
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configured to encapsulate a working fluid therein and to
cause a heat-pipe phenomenon; a heat-insulating part
fitted externally to the main body part; a cooling part for
cooling a base side part on one side of the main body
part in relation to the heat-insulating part and thereby
condensing the working fluid that evaporates into gas in
a front side part on the other side of the main body part
in relation to the heat-insulating part; first temperature
deriving means for deriving a temperature of the main
body part in a section where the working fluid evaporates;
a space temperature detecting unit for detecting a tem-
perature of the measurement space; and a computation
unit for calculating the relative humidity of the measure-
ment space based on the temperature of the main body
part derived by the first temperature deriving means and
the temperature of the measurement space detected by
the space temperature detecting unit.
[0010] The dew-point instrument according to the
present invention is a dew-point instrument for measuring
a dew point of the measurement space, the dew-point
instrument having: a main body part that is configured to
encapsulate a working fluid therein and to cause a heat-
pipe phenomenon and is disposed across the measure-
ment space and an external space that is spaced from
the measurement space by a heat-insulating part and
has a temperature lower than that of the measurement
space; and first temperature deriving means for deriving
a temperature of the main body part in a section where
the working fluid evaporates.
[0011] The dew-point instrument according to the
present invention is a dew-point instrument for measuring
a dew point of a measurement space, the dew-point in-
strument having: a main body part that is installed in the
measurement space and configured to encapsulate a
working fluid therein and to cause a heat-pipe phenom-
enon; a heat-insulating part fitted externally to the main
body part; a cooling part for cooling a base side part on
one side of the main body part in relation to the heat-
insulating part and thereby condensing the working fluid
that evaporates into gas in a front side part on the other
side of the main body part in relation to the heat-insulating
part; and first temperature deriving means for deriving a
temperature of the main body part in a section where the
working fluid evaporates.

Brief Description of the Drawings

[0012]

[Fig. 1] Fig. 1 is a diagram schematically showing
the structure of a hygrometer according to a first em-
bodiment of the present invention;
[Fig. 2] Fig. 2 is a block diagram for explaining the
functions of the hygrometer shown in Fig. 1;
[Fig. 3] Fig. 3 is a diagram showing the results of the
temperature detected by a first external surface tem-
perature sensor of the hygrometer according to the
first embodiment;

[Fig. 4] Fig. 4 is a block diagram for explaining the
functions of the hygrometer according to a second
embodiment of the present invention;
[Fig. 5] Fig. 5 is a block diagram for explaining the
functions of a dew-point instrument according to a
third embodiment of the present invention; and
[Fig. 6] Fig. 6 is ablockdiagramforexplainingthe func-
tions of a dew-point instrument according to a fourth
embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0013] Embodiments of the present invention are de-
scribed hereinafter with reference to the drawings.

(First Embodiment)

[0014] First, a hygrometer according to the first em-
bodiment of the present invention is described with ref-
erence to Figs. 1 and 2.
[0015] The hygrometer according to the first embodi-
ment is for measuring a relative humidity of a measure-
ment space S1 and has a main body part 2, a first external
surface temperature sensor 4, a second external surface
temperature sensor 6, a space temperature sensor 8,
and computation display means 10, as shown in Fig. 1.
[0016] The main body part 2 is configured by a heat
pipe. The main body part 2 is configured to encapsulate
therein water as a working fluid in a pressure-reduced
state and to cause a heat-pipe phenomenon. The heat-
pipe phenomenon here means a phenomenon in which
the heat of the working fluid is transmitted as the working
fluid transits from the evaporation phase to the conden-
sation phase, by repeating evaporation and condensa-
tion of the encapsulated working fluid in a predetermined
place.
[0017] The main body part 2 is disposed across the
measurement space S1 and an external space S2 out-
side the measurement space S1. The part of the main
body part 2 that is disposed inside the measurement
space S1 is referred to as an internal part 2a, and the
part disposed in the external space S2 is referred to as
an external part 2b. The measurement space S1 is, for
example, a space inside a temperature and humidity
chamber 101 and is surrounded by a heat-insulating wall
100 (heat-insulating part). The external space S2, on the
other hand, is a space outside the temperature and hu-
midity chamber 101. The temperature of the measure-
ment space S1 can be made higher than the temperature
of the external space S2 by driving the temperature and
humidity chamber 101. The heat-insulating wall 100 con-
figuring a ceiling wall part of the temperature and humidity
chamber 101 has a through-hole 100a formed thereon.
The main body part 2 is inserted into the through-hole
100a and accordingly installed to extend across the
measurement space S1 and the external space S2
spaced by the heat-insulating wall 100, as described
above. Accordingly, the working fluid evaporates within
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the internal part 2a of the main body part 2, while the
working fluid formed into gas is condensed within the
external part 2b. Note that the main body part 2 may be
disposed not only in a vertical position but also in an
inclined position inclined on some level from the vertical
position, as long as the heat-pipe phenomenon can be
caused.
[0018] The first external surface temperature sensor 4
is attached to an external surface in the vicinity of an end
part of the internal part 2a of the main body part 2 dis-
posed inside the measurement space S1. Specifically,
the first external surface temperature sensor 4 is at-
tached to an external surface of a section of the internal
part 2a where the liquid working fluid accumulates when
the heat-pipe phenomenon is caused completely in the
main body part 2. Specifically, when the heat-pipe phe-
nomenon is started in the main body part 2, the liquid
working fluid accumulated in the internal part 2a evapo-
rates gradually, and consequently the fluid level of the
working fluid is lowered. When the heat-pipe phenome-
non is completely caused in the main body part 2, the
fluid level of the working fluid becomes the lowest. It is
preferred that the first external surface temperature sen-
sor 4 be positioned below the fluid level of the working
fluid at this moment and be attached within a range where
the liquid working fluid is accumulated. The first external
surface temperature sensor 4 detects the external sur-
face temperature of the section where the first external
surface temperature sensor 4 is attached, and then out-
puts a signal corresponding to the result of the detection.
Because the external surface temperature of the section
where the first external surface temperature sensor 4 is
attached equals to the dew-point temperature of the
measurement space S1 as described hereinafter, the first
external surface temperature sensor 4 outputs a signal
corresponding to the dew-point temperature of the meas-
urement space S1. In other words, in the first embodi-
ment, the first external surf ace temperature sensor 4
functions as the first temperature deriving means of the
present invention.
[0019] The second external surface temperature sen-
sor 6 functions as second temperature deriving means
of the present invention and is attached to an external
surface in the vicinity of an end part of the external part
2b of the main body part 2 disposed in the external space
S2. Specifically, the second external surface tempera-
ture sensor 6 is attached to an external surface of a sec-
tion of the external part 2b where the working fluid in the
form of gas is condensed, when the heat-pipe phenom-
enon is caused in the main body part 2. The second ex-
ternal surface temperature sensor 6 detects the external
surface temperature of the section where the second ex-
ternal surface temperature sensor 6 is attached, and then
outputs a signal corresponding to the result of the detec-
tion.
[0020] The space temperature sensor 8 functions as
the space temperature detecting unit of the present in-
vention. This space temperature sensor 8, which is dis-

posed within the measurement space S1, detects the
temperature of the measurement space S1 and outputs
a signal corresponding to the result of the detection.
[0021] The computation display means 10 computes
the relative humidity of the measurement space S1 and
displays the calculated relative humidity and the temper-
ature of the measurement space S1. The signal that is
output from the first external surface temperature sensor
4, the signal that is output from the second external sur-
face temperature sensor 6, and the signal that is output
from the space temperature sensor 8 are input to this
computation display means 10. The computation display
means 10 has a computation unit 10a and a display unit
10b, as shown in Fig. 2.
[0022] The computation unit 10a calculates the relative
humidity of the measurement space S1 from each of the
signals input to the computation display means 10. Spe-
cifically, the computation unit 10a calculates the relative
humidity of the measurement space S1 on the basis of
the signal from the first external surface temperature sen-
sor 4 and the signal from the space temperature sensor
8, as described hereinafter. Moreover, on the basis of
the signal from the first external surface temperature sen-
sor 4 and the signal from the second external surface
temperature sensor 6, the computation unit 10a calcu-
lates the temperature difference between the external
surface temperature of the section of the internal part 2a
where the working fluid evaporates and the external sur-
face temperature of the section of the external part 2b
where the gaseous working fluid is condensed.
[0023] The display unit 10b displays the relative hu-
midity of the measurement space S1 in response to the
results of the calculation performed by the computation
unit 10a, and displays the temperature of the measure-
ment space S1 on the basis of the signal from the space
temperature sensor 8.
[0024] Next, operations of the hygrometer according
to the first embodiment are described.
[0025] In the hygrometer according to the first embod-
iment, the moisture existing in the measurement space
S1 adheres to the internal part 2a of the main body part
2 disposed within the measurement space S1 and con-
denses, whereby the heat-pipe phenomenon is caused
in the main body part 2. Specifically, the condensation
heat generated by the condensation of the moisture on
the external surface of the internal part 2a causes the
working fluid to evaporate in the internal part 2a, and thus
obtained gaseous working fluid flows toward the external
part 2b of the main body part 2 at substantially sonic
speed. In the external part 2b, on the other hand, the
gaseous working fluid is cooled and condensed due to
the fact that the external space S2 is colder than the
measurement space S1, and thus obtained liquid working
fluid flows toward the internal part 2a. By repeating the
evaporation and condensation of the working fluid in a
predetermined section of the main body part 2 as de-
scribed above, the heat of the working fluid is transmitted
as the working fluid transits from the section where it
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evaporates to the section where it is condensed.
[0026] When the heat-pipe phenomenon is completely
caused in the main body part 2, the difference between
the external surface temperature of the internal part 2a
and the external surface temperature of the external part
2b becomes constant. Then, on the basis of the signal
from the first external surface temperature sensor 4 and
the signal from the second external surface temperature
sensor 6, the computation unit 10a calculates the tem-
perature difference between the external surface tem-
perature of the section of the internal part 2a where the
working fluid evaporates and the external surface tem-
perature of the section of the external part 2b where the
gaseous working fluid is condensed. It is possible to con-
firm from the calculated temperature difference that the
heat-pipe phenomenon is completely caused in the main
body part 2.
[0027] Here, Fig. 3 shows the results of the detection
of the external surface temperature of the internal part
2a that is obtained by the first external surface temper-
ature sensor 4. Fig. 3 shows, sequentially, the external
surface temperature of the section of the internal part 2a
where the liquid working fluid accumulates, the external
surface temperature being actually detected by the first
external surface temperature sensor 4, the temperature
and the relative humidity of the measurement space S1
that are measured by the temperature and humidity
chamber 101, and the dew point of the measurement
space S1 calculated from the temperature and the rela-
tive humidity. These measurements are conducted under
the condition that the heat-pipe phenomenon is caused
completely in the main body part 2. It is understood from
the results shown in Fig. 3 that the external surface tem-
perature that is actually detected by the first external sur-
face temperature sensor 4 in the section of the main body
part 2 where the liquid working fluid accumulates and
where the heat-pipe phenomenon is caused, that is, the
section where the working fluid evaporates, is substan-
tially equal to the dew point of the measurement space
S1 that is calculated from the temperature and relative
humidity of the measurement space S1 that are meas-
ured by the temperature and humidity chamber 101. As
a result, it was discovered, in the main body part 2 where
the heat-pipe phenomenon is caused, that the dew point
of the measurement space S1 could be derived by caus-
ing the first external surface temperature sensor 4 to de-
tect the external surface temperature of the section
where the working fluid accumulates, the section being
a part of the internal part 2a disposed in the measurement
section S1.
[0028] The signal indicating the result of the detection
by the first external surface temperature sensor 4, that
is, the signal showing the dew-point temperature of the
measurement space S1, as well as the signal indicating
the result of the detection by the space temperature sen-
sor 8, that is, the signal showing the temperature of the
measurement space S1, are input to the computation
unit 10a, and the relative humidity of the measurement

space S1 is calculated based on these signals. Then, the
display unit 10b displays the relative humidity of the
measurement space S1 calculated by the computation
unit 10a and the temperature of the measurement space
S1 detected by the space temperature sensor 8.
[0029] As described above, in the hygrometer accord-
ing to the first embodiment, the main body part 2 causing
the heat-pipe phenomenon is disposed across the meas-
urement space S1 and the external space S2 that are
spaced from each other by the heat-insulating wall 100,
and the external space S2 is colder than the measure-
ment space S1. For this reason, the external surface tem-
perature of the section on the measurement space S1
side of the main body part 2 where the working fluid evap-
orates is substantially equal to the dew point of the meas-
urement space S1. Then, because the external surface
temperature of the section where the working fluid evap-
orates is detected by the first external surface tempera-
ture sensor 4, the computation unit 10a can calculate the
relative humidity of the measurement space S1 on the
basis of the detected external surface temperature of the
section where the working fluid evaporates, and the tem-
perature of the measurement space S1 that is detected
by the space temperature sensor 8. Unlike a conventional
wet and dry bulb hygrometer, because the hygrometer
of the first embodiment does not require a wick for hu-
midity measurement, it is not necessary to carry out the
troublesome work for replacing the wick every time when
the wick becomes old and the force for pumping up the
water is weakened. Therefore, the workload of maintain-
ing the hygrometer can be alleviated.
[0030] Unlike the conventional mirror-surface con-
densing dew-point instrument configured by a large
number of constituent parts, the hygrometer according
to the first embodiment can be structurally simplified be-
cause it is configured by the main body part 2 where the
heat-pipe phenomenon is caused, the first external sur-
face temperature sensor 4, the second external surface
temperature sensor 6, the space temperature sensor 8,
and the computation display means 10. Therefore, the
hygrometer according to the first embodiment can be
structurally simplified, while alleviating the workload of
its maintenance.
[0031] In the hygrometer according to the first embod-
iment, because the first external surface temperature
sensor 4 detects the external surface temperature of the
section where the liquid working fluid accumulates when
the heat-pipe phenomenon is completely caused in the
main body part 2, the external surface temperature of the
section of the main body part 2 that shows the tempera-
ture substantially equal to the dew point of the measure-
ment space S1 can be directly detected by the first ex-
ternal surface temperature sensor 4. Because the dew
point of the measurement space S1 can obtained without
correcting the external surface temperature detected by
the first external surface temperature sensor 4, the rela-
tive humidity of the measurement space S1 can be ob-
tained with a higher degree of accuracy.
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[0032] In the hygrometer according to the first embod-
iment, the computation unit 10a calculates the tempera-
ture difference between the external surface temperature
of the section of the main body part 2 where the working
fluid evaporates and the external surface temperature of
the section where the gaseous working fluid is con-
densed, on the basis of the result of the detection of the
external surface temperature detected by the first exter-
nal surface temperature sensor 4 and the result of the
detection of the external surface temperature detected
by the second external surface temperature sensor 6.
Therefore, it is possible to determine whether the heat-
pipe phenomenon is completely caused in the main body
part 2, on the basis of the difference in the calculated
external surface temperature between the section of the
main body part 2 where the working fluid evaporates and
the section where the gaseous working fluid is con-
densed. As long as the fact that the heat-pipe phenom-
enon is completely caused in the main body part 2 can
be confirmed, the fact that the dew point of the measure-
ment space S1 is detected by the first external surface
temperature sensor 4 accurately can be confirmed, and,
as a result, the fact that the relative humidity of the meas-
urement space S1 is detected accurately can be con-
firmed. On the other hand, when the difference in the
calculated external surface temperature between the
section of the main body part 2 where the working fluid
evaporates and the section where the gaseous working
fluid is condensed is less than the temperature difference
at which the main body part 2 serving as the heat pipe
exerts its maximum heat transfer amount, a gap occurs
between the temperature detected by the first external
surface temperature sensor 4 and the dew point of the
measurement space S1. In this case, temperature control
can be performed so that the section where the working
fluid evaporates and the section where the gaseous
working fluid is condensed generate the temperature dif-
ference at which the main body part 2 exerts its maximum
heat transfer amount, whereby the first external surface
temperature sensor 4 can accurately detect the dew point
of the measurement space S1.

(Second Embodiment)

[0033] Next, the configuration of a hygrometer accord-
ing to the second embodiment of the present invention
is described with reference to Fig. 4.
[0034] Unlike the hygrometer according to the first em-
bodiment described above, the hygrometer of the second
embodiment is designed to forcibly cool a base side part
2d of the main body part 2 where the gaseous working
fluid is condensed.
[0035] Specifically, the hygrometer according to the
second embodiment has the main body part 2, the first
external surface temperature sensor 4, the second ex-
ternal surface temperature sensor 6, the space temper-
ature sensor 8, a peltier element 12, a connection part
14, a heat-insulating part 16, and control means 18.

[0036] The functions and the configurations of the main
body part 2, first external surface temperature sensor 4,
second external surface temperature sensor 6, and
space temperature sensor 8 according to the second em-
bodiment are the same as those of the main body part
2, first external surface temperature sensor 4, second
external surface temperature sensor 6, and space tem-
perature sensor 8 in the first embodiment. However,
while the first external surface temperature sensor 4 is
attached to an external surface in the vicinity of an end
part of a front side part 2c of the main body part 2 where
the working fluid evaporates, the second external surface
temperature sensor 6 is attached to an external surface
in the vicinity of an end part of the base side part 2d of
the main body part 2 where the gaseous working fluid is
condensed. Here, as described hereinafter, the front side
part 2c is a section in the main body part 2 that is one
side of the heat-insulating part 16 fitted externally to the
main body part 2, while the base side part 2d is a section
in the main body part 2 that is on the other side of the
heat-insulating part 16.
[0037] The peltier element 12 has a heat absorption
part and a heat release part, wherein the heat absorption
part performs a heat absorption operation in accordance
with an input power, while the heat release part performs
a heat release operation. The heat absorption part of the
peltier element 12 is connected to the end part of the
base side part 2d of the main body part 2. The heat ab-
sorption part of the peltier element 12 functions as a cool-
ing part for cooling the base side part 2d and condensing
the gaseous working fluid. This cooling action of the heat
absorption part of the peltier element 12 forcibly cools
the base side part 2d to the temperature lower than that
of the front side part 2c disposed in the measurement
space S1, whereby the heat-pipe phenomenon is com-
pletely caused in the main body part 2. The heat release
part of the peltier element 12, on the other hand, serves
to release the heat generated by heat exchange with the
heat absorption part.
[0038] The base side part 2d of the main body part 2
and the peltier element 12 are joined to each other by
the connection part 14. This connection part 14 rigidly
joins and thermally connects the base side part 2d and
the heat absorption part of the peltier element 12.
[0039] The heat-insulating part 16 is provided to cover
the surroundings of the base side part 2d of the main
body part 2, the second external surface temperature
sensor 6, the peltier element 12, and the connection part
14. This heat-insulating part 16 is provided with a though-
hole 16a into which the main body part 2 is inserted.
Specifically, the front side part 2c of the main body part
2 is disposed under an atmosphere of the measurement
space S1, and a part of a wall part configuring the heat-
insulating part 16 is fitted externally to the main body part
2 at a position between the front side part 2c and the
base side part 2d within the heat-insulating part 16. The
temperature within the heat-insulating part 16 can be kept
lower than the temperature of the measurement space
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S1 by this heat-insulating part 16.
[0040] The signal output from the first external surface
temperature sensor 4, the signal output from the second
external surface temperature sensor 6, and the signal
output from the space temperature sensor 8 are input to
the control means 18. The control means 18 has the com-
putation unit 10a, the display unit 10b, and a controller
18a.
[0041] The functions of the computation unit 10a and
the display unit 10b are the same as the functions of the
computation unit 10a and the display unit 10b described
in the first embodiment. The controller 18a controls the
peltier element 12 based on the difference in the external
surface temperature of the main body part 2 that is cal-
culated by the computation unit 10a on the basis of the
signal from the first external surface temperature sensor
4 and the signal from the second external surface tem-
perature sensor 6, that is, the temperature difference be-
tween the external surface temperature of the section in
the front side part 2c where the working fluid evaporates
and the external surface temperature of the section in
the base side part 2d where the gaseous working fluid is
condensed. More specifically, the controller 18a controls
the cooling capacity of the heat absorption part of the
peltier element 12 to cool the base side part 2d, so that
the temperature difference at which the heat-pipe phe-
nomenon is completely caused in the main body part 2
is generated between the external surface temperature
of the section in the vicinity of the end part of the base
side part 2d and the external surface temperature of the
section in the vicinity of the end part of the front side part
2c.
[0042] The operation of the hygrometer according to
the second embodiment is described next.
[0043] In the hygrometer according to the second em-
bodiment, the front side part 2c of the main body part 2,
the first external surface temperature sensor 4, and the
space temperature sensor 8 are disposed under the at-
mosphere of the measurement space S1. Then, based
on the signal output from the first external surface tem-
perature sensor 4 and the signal output from the second
external surface temperature sensor 6, the computation
unit 10a calculates the temperature difference between
the external surface temperature of the section in the
vicinity of the end part of the front side part 2c of the main
body part 2 and the external surface temperature of the
section in the vicinity of the end part of the base side part
2d. Thereafter, based on the calculated temperature dif-
ference, the controller 18a controls the cooling capacity
of the heat absorption part of the peltier element 12. At
this moment, the base side part 2d is cooled such that a
predetermined temperature difference is generated be-
tween the external surface temperature of the section in
the vicinity of the end part of the base side part 2d and
the external surface temperature of the section in the
vicinity of the end part of the front side part 2c. As a result,
the heat-pipe phenomenon is completely caused in the
main body part 2, and, as with the first embodiment de-

scribed above, the external surface temperature of the
section in the vicinity of the end part of the front side part
2c of the main body part 2, that is, the section where the
working fluid evaporates, becomes substantially equal
to the dew point of the measurement space S1. As with
the first embodiment described above, the computation
unit 10a calculates the relative humidity of the measure-
ment space S1 based on the signal from the first external
surface temperature sensor 4 and the signal from the
space temperature sensor 8, and the relative humidity
and the temperature of the measurement space S1 are
displayed on the display unit 10b.
[0044] As described above, according to the hygrom-
eter of the second embodiment, in the main body part 2
installed in the measurement space S1, the space where
the front side part 2c is located and the space where the
base side part 2d is located are spaced from each other
by the heat-insulating part 16, and the base side part 2d
is cooled by the heat absorption part of the peltier element
12 to the temperature lower than that of the front side
part 2c, whereby the external surface temperature of the
section in the front side part 2c of the main body part 2
where the working fluid evaporates becomes substan-
tially equal to the dew point of the measurement space
S1. Because the first external surface temperature sen-
sor 4 detects the external surface temperature of the sec-
tion where the working fluid evaporates, the computation
unit 10a can calculate the relative humidity of the meas-
urement space S1 based on the detected external sur-
face temperature of the section where the working fluid
evaporates and the temperature of the measurement
space S1 that is detected by the space temperature sen-
sor 8. Therefore, as with the hydrometer according to the
first embodiment, because the hygrometer of the second
embodiment does not require a wick, the workload of
maintaining the hydrometer can be alleviated.
[0045] Unlike the conventional mirror-surface con-
densing dew-point instrument configured by a large
number of constituent parts, the hygrometer according
to the second embodiment can be structurally simplified
because it is configured by the main body part 2 where
the heat-pipe phenomenon is caused, the first external
surface temperature sensor 4, the second external sur-
face temperature sensor 6, the space temperature sen-
sor 8, the peltier element 12, the connection part 14, the
heat-insulating part 16, and the control means 18. There-
fore, as with the hydrometer according to the first em-
bodiment, the hygrometer according to the second em-
bodiment can be structurally simplified, while alleviating
the workload of its maintenance.
[0046] The hygrometer according to the second em-
bodiment has the peltier element 12 capable of cooling
the base side part 2d of the main body part 2, and the
heat-insulating part 16 capable of separating the space
where the front side part 2c of the main body part 2 is
located from the space where the base side part 2d is
located. Thus, it is possible to forcibly cool the base side
part 2d and keep the temperature of the base side part
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2d low, and thereby it is possible to forcibly completely
cause the heat-pipe phenomenon in the main body part
2. Because the hygrometer is not subjected to the instal-
lation limitation where the main body part 2 is disposed
across the two spaces having a predetermined temper-
ature difference, a hygrometer that can be applied under
a wider variety of conditions can be configured.
[0047] Further, in the hygrometer according to the sec-
ond embodiment, the cooling part for cooling the base
side part 2d of the main body part 2 is configured by the
heat absorption part of the peltier element 12. Because
the peltier element 12 is activated by a small amount of
electricity, the hygrometer of the second embodiment can
cool the base side part 2d of the main body part 2 while
preventing power consumption.
[0048] In the hygrometer according to the second em-
bodiment, the cooling capacity of the heat absorption part
of the peltier element 12 is controlled based on the tem-
perature difference between the external surface tem-
perature of the section of the main body part 2 where the
working fluid evaporates and the external surface tem-
perature of the section where the gaseous working fluid
is condense, the temperature difference being calculated
by the computation unit 10a. Thus, the difference in the
external surface temperature between the section of the
main body part 2 where the working fluid evaporates and
the section where the gaseous working fluid is con-
densed can be set at the temperature difference at which
the heat-pipe phenomenon is completely caused in the
main body part 2.

(Third Embodiment)

[0049] Next, the configuration of a dew-point instru-
ment according to the third embodiment of the present
invention is described with reference to Fig. 5.
[0050] The dew-point instrument according to the third
embodiment is for measuring the dew point of the meas-
urement space S1, and has a configuration without the
space temperature sensor 8 (see Fig. 2) of the hygrom-
eter of the first embodiment, as shown in Fig. 5. The dew-
point instrument has the same principle as the hygrom-
eter of the first embodiment, in which the external surface
temperature in the vicinity of the end part of the internal
part 2a of the main body part 2 where the heat-pipe phe-
nomenon is caused, that is, the external surface temper-
ature of the section where the working fluid evaporates,
becomes substantially equal to the dew point of the
measurement space S1. The external surface tempera-
ture of the section of the internal part 2a where the work-
ing fluid evaporates is detected by the first external sur-
face temperature sensor 4, and the dew point of the
measurement space S1 is displayed on the display unit
10b of the computation display means 10 in response to
the signal output from the first external surface temper-
ature sensor 4. Unlike the first embodiment, in the third
embodiment the computation unit 10a does not compute
the relative humidity described above. In other words,

the computation unit 10a in the third embodiment com-
putes only the temperature difference between the ex-
ternal surface temperature of the section of the internal
part 2a where the working fluid evaporates and the ex-
ternal surface temperature of the section of the external
part 2b where the gaseous working fluid is condensed,
based on the signal from the first external surface tem-
perature sensor 4 and the signal from the second external
surface temperature sensor 6. The rest of the configura-
tion of the dew-point instrument according to the third
embodiment is same as the configuration of the hygrom-
eter according to the first embodiment.
[0051] As described above, in the dew-point instru-
ment according to the third embodiment, the external sur-
face temperature of the section on the measurement
space S1 side of the main body part 2 where the working
fluid evaporates becomes substantially equal to the dew
point of the measurement space S1, as with the case in
the hygrometer according to the first embodiment. There-
fore, the dew point of the measurement space S1 can be
obtained by causing the first external surface tempera-
ture sensor 4 to detect the external surface temperature
of the section where the working fluid evaporates. There-
fore, as with the hygrometer according to the first em-
bodiment, because the dew-point instrument of the third
embodiment does not require a wick, the workload of
maintaining the dew-point instrument can be alleviated.
[0052] Moreover, unlike the conventional mirror-sur-
face condensing dew-point instrument configured by a
large number of constituent parts, the dew-point instru-
ment according to the third embodiment can be structur-
ally simplified because it is configured by the main body
part 2 where the heat-pipe phenomenon is caused, the
first external surface temperature sensor 4, the second
external surface temperature sensor 6, and the compu-
tation display means 10. Therefore, this dew-point instru-
ment can be structurally simplified, while alleviating the
workload of its maintenance.
[0053] The rest of the effects of the dew-point instru-
ment according to the third embodiment are the same as
the effects of the hygrometer of the first embodiment.

(Fourth Embodiment)

[0054] Next, the configuration of a dew-point instru-
ment according to the fourth embodiment is described
with reference to Fig. 6.
[0055] The dew-point instrument according to the
fourth embodiment is for measuring the dew point of the
measurement space S1, and has a configuration without
the space temperature sensor 8 (see Fig. 4) of the hy-
grometer of the second embodiment, as shown in Fig. 6.
As with the hygrometer according to the second embod-
iment, in this dew-point instrument the heat absorption
part of the peltier element 12 forcibly cools the base side
part 2d of the main body part 2 where the gaseous work-
ing fluid is condensed. Further, as with the second em-
bodiment, the computation unit 10a calculates the tem-
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perature difference between the external surface tem-
perature of the section in the vicinity of the end part of
the front side part 2c of the main body part 2 and the
external surface temperature of the section in the vicinity
of the end part of the base side part 2d, and then the
controller 18a controls the cooling capacity of the heat
absorption part of the peltier element 12 on the basis of
the calculated temperature difference. At this moment,
the base side part 2d is cooled such that the temperature
difference at which the heat-pipe phenomenon is com-
pletely caused in the main body part 2 is generated be-
tween the external surface temperature of the section in
the vicinity of the end part of the base side part 2d and
the external surface temperature of the section in the
vicinity of the end part of the front side part 2c. As a result,
the heat-pipe phenomenon is completely caused in the
main body part 2, and the external surface temperature
of the section in the vicinity of the end part of the front
side part 2c of the main body part 2, that is, the external
surface temperature of the section where the working
fluid evaporates, becomes substantially equal to the dew
point of the measurement space S1, as with the second
embodiment. Then, the external surface temperature of
the section in the front side part 2c where the working
fluid evaporates is detected by the first external surface
temperature sensor 4, and the dew point of the meas-
urement space S1 is displayed on the display unit 10b
of the control means 18 in response to the signal that is
output from the first external surface temperature sensor
4 . The rest of the configuration of the dew-point instru-
ment according to the fourth embodiment is same as the
configuration of the hygrometer according to the second
embodiment.
[0056] As described above, as with the hygrometer ac-
cording to the second embodiment, in the dew-point in-
strument of the fourth embodiment the external surface
temperature of the section in the front side part 2c of the
main body part 2 where the working fluid evaporates be-
comes substantially equal to the dew point of the meas-
urement space S1. Consequently, the dew point of the
measurement space S1 can be obtained by causing the
first external surface temperature sensor 4 to detect the
external surface temperature of the section where the
working fluid evaporates. Therefore, as with the hygrom-
eter according to the second embodiment, because the
dew-point instrument of the fourth embodiment does not
require a wick, the workload of maintaining the dew-point
instrument can be alleviated.
[0057] Unlike the conventional mirror-surface con-
densing dew-point instrument configuredby a large
number of constituent parts, the dew-point instrument
according to the fourth embodiment can be structurally
simplified because it is configured by the main body part
2 where the heat-pipe phenomenon is caused, the first
external surface temperature sensor 4, the second ex-
ternal surface temperature sensor 6, the peltier element
12, the connection part 14, the heat-insulating part 16,
and the control means 18. Therefore, this dew-point in-

strument can be structurally simplified, while alleviating
the workload of its maintenance.
[0058] The rest of the effects of the dew-point instru-
ment according to the fourth embodiment are the same
as the effects of the hygrometer of the second embodi-
ment.
[0059] Note that the embodiments disclosed herein are
merely examples in all respects and should not be con-
sidered restrictive. The scope of the present invention is
defined by the scope of claims rather than by the above
description of the embodiments, and includes meanings
equivalent to those of the scope of claims and any mod-
ification within the scope of claims.
[0060] For example, in each of the embodiments de-
scribed above, although the first external surface tem-
perature sensor 4 detects the external surface tempera-
ture of the section in the vicinity of the end part of the
internal part 2a or front side part 2c of the main body part
2 where the working fluid evaporates, the present inven-
tion is not limited to this configuration. Specifically, the
first external surface temperature sensor 4 may be at-
tached to the external surface of a predetermined section
other than those above of the main body part 2 to detect
the external surface temperature of this section. In this
case, the temperature difference is generated between
the temperature detected by the first external surface
temperature sensor 4 and the external surface temper-
ature of the section where the working fluid evaporates,
i.e., the dew point of the measurement space S1. Thus,
correction means is provided in addition to the first ex-
ternal surface temperature sensor 4, and the temperature
difference is measured beforehand, so that the dew point
of the measurement space S1 can be obtained by caus-
ing the correction means to correct the temperature
which the first external surface temperature sensor 4 de-
tects by the temperature difference. As the section to
which the first external surface temperature sensor 4 is
attached, for example, the first external surface temper-
ature sensor 4 may be attached to the external part 2b
located in the external space S2 of the main body part 2
in the configurations described in the first and third em-
bodiments. In addition, in the configurations described in
the second and fourth embodiments, the first external
surface temperature sensor 4 may be attached to the
base side part 2d located within the heat-insulating part
16. In this aspect, the first temperature deriving means
of the present invention is configured by the first external
surface temperature sensor 4 and the correction means.
[0061] In each of the embodiments described above,
although the first external surface temperature sensor 4
and the second external surface temperature sensor 6
are directly attached to the external surface of the main
body part 2 to detect the external surface temperature,
the present invention is not limited thereto, and a tem-
perature sensor for detecting the external surface tem-
perature of the main body part 2 in a non-contact state
may be used without directly attaching the first external
surface temperature sensor 4 and the second external
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surface temperature sensor 6 to the main body part 2.
[0062] In each of the embodiments described above,
the first external surface temperature sensor 4 is at-
tached to the external surface of the section in the internal
part 2a or front side part 2c of the main body part 2 where
the working fluid evaporates, but, instead, a first internal
surface temperature sensor serving as the first temper-
ature deriving means of the present invention may be
attached to an internal surface of the section in the main
body part 2 where the working fluid evaporates, to detect
the internal surface temperature of this section and to
calculate the dew point and humidity of the measurement
space S1 on the basis of this internal surface tempera-
ture. Because it is considered that the internal surface
temperature of the section in the main body part 2 where
the working fluid evaporates represents the dew point of
the measurement space S1 more accurately than the
external surface temperature of this section does, the
humidity of the measurement space S1 can be obtained
more accurately in this case. Moreover, when attaching
the first internal surface temperature sensor to the inter-
nal surface of the main body part 2, as with the case
where the first external surface temperature sensor 4 is
attached to the external surface of the main body part 2,
the first internal surface temperature sensor may be at-
tached to the internal surface of the other predetermined
section in the main body part 2 where the working fluid
evaporates . In this case, however, similarly, the correc-
tion means for correcting the temperature difference be-
tween the temperature detected by the first internal sur-
face temperature sensor and the internal surface tem-
perature of the section where the working fluid evapo-
rates needs to be provided. Specifically, in this aspect,
the first temperature deriving means according to the
present invention is configured by the first internal sur-
face temperature sensor and the correction means.
[0063] In addition, in each of the embodiments de-
scribed above, the second external surface temperature
sensor 6 is attached to the external surface of the section
in the external part 2b or base side part 2d of the main
body part 2 where the gaseous working fluid is con-
densed, to detect the external surface temperature of this
section, but, instead, a second internal surface temper-
ature sensor serving as the second temperature deriving
means of the present invention may be attached to an
internal surface of the section of the main body part 2
where the gaseous working fluid is condensed, to detect
the internal surface temperature of this section.
[0064] In each of the embodiments described above,
although the main body part 2 is configured as a heat
pipe, the main body part 2 may be configured by a me-
andering capillary tube type heat pipe or an oscillating
heat pipe known as a heat lane™.
[0065] In the second and fourth embodiments, al-
though the heat absorption part of the peltier element 12
is used as the cooling part of the present invention, a
constituent part other than the peltier element may be
used as the cooling part.

[0066] In the hygrometer and the dew-point instrument
according to each of the embodiments described above,
the second external surface temperature sensor 6 is pro-
vided, but when it is not necessary to confirm the differ-
ence between the external surface temperature of the
section in the main body part 2 where the working fluid
evaporates and the external surface temperature of the
section where the gaseous working fluid is condensed,
the second external surface temperature sensor 6 may
be omitted. For example, when the temperature of the
measurement space S1 is already known as with that of
the temperature and humidity chamber 101, the temper-
ature difference between the measurement space S1
and the external space S2 can be obtained. Therefore,
from this temperature difference, it can be roughly un-
derstood whether or not the temperature difference at
which the heat-pipe phenomenon is caused in the main
body part 2 is generated between the external surface
temperature of the section in the internal part 2a of the
main body part 2 where the working fluid evaporates and
the external surface temperature of the section in the
external part 2b where the gaseous working fluid is con-
densed. In this case, because there is no problem in par-
ticularly confirming the difference between the external
surface temperatures of both sections, the second exter-
nal surface temperature sensor 6 can be omitted.
[0067] Further, the first and third embodiments have
described an example in which the internal part 2a of the
main body part 2 is disposed on the lower side and the
external part 2b of the main body part 2 is disposed on
the upper side, the present invention is not limited to this
configuration. Specifically, when the heat-pipe phenom-
enon is caused in the main body part 2, the internal part
2a may be disposed on the upper side and the external
part 2b may be disposed on the lower side, or the main
body part 2 may be disposed horizontally without having
the vertical relationship between the internal part 2a and
the external part 2b. Similarly, the relative positions be-
tween the front side part 2c and the base side part 2d of
the main body part 2 according to the second and fourth
embodiments may be arranged in any way.

(Summary of the Embodiments)

[0068] The summary of the embodiments is described
hereinafter.
[0069] Specifically, the hygrometer according to the
first embodiment is a hygrometer for measuring the rel-
ative humidity of the measurement space, the hygrome-
ter having: a main body part that is configured to encap-
sulate the working fluid therein and to cause the heat-
pipe phenomenon and disposed across the measure-
ment space and an external space that is spaced from
the measurement space by a heat-insulating part and
has a temperature lower than that of the measurement
space; first temperature deriving means for deriving a
temperature of the main body part in a section where the
working fluid evaporates; a space temperature detecting
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unit for detecting a temperature of the measurement
space; and a computation unit for calculating the relative
humidity of the measurement space based on the tem-
perature of the main body part derived by the first tem-
perature deriving means and the temperature of the
measurement space detected by the space temperature
detecting unit.
[0070] As a result of the keen investigation, the inven-
tor of the present application has discovered that, by dis-
posing the main body part where the heat-pipe phenom-
enon is caused across the two spaces spaced from each
other by the heat-insulating part, and by making the tem-
perature of the end part of the main body part located in
one of the spaces lower than the temperature of the end
part located in the other space, the temperature of the
section in the other space of the main body part where
the working fluid evaporates becomes substantially
equal to the dew point of the other space.
[0071] Therefore, in the hygrometer according to the
first embodiment, the main body part where the heat-pipe
phenomenon is caused is disposed across the measure-
ment space and the external space colder than the meas-
urement space, the measurement space and the external
space being spaced from each other by the heat-insulat-
ing part. Therefore, working fluid evaporates on the
measurement space side of the main body part, and the
temperature of the main body part in the section where
the working fluid evaporates becomes substantially
equal to the dew point of the measurement space. Then,
the temperature of the main body part in the section
where the working fluid evaporates is derived by the first
temperature deriving means. Thus, the computation unit
can calculate the relative humidity of the measurement
space on the basis of the derived temperature of the sec-
tion where the working fluid evaporates and the temper-
ature of the measurement space that is detected by the
space temperature detecting unit. Therefore, unlike the
conventional wet and dry bulb hygrometer, because the
hygrometer of the first embodiment does not require a
wick for humidity measurement, it is not necessary to
carry out the troublesome work for replacing the wick
every time when the wick becomes old and the force for
pumping up the water is weakened. Therefore, the work-
load of maintaining the hygrometer can be alleviated.
[0072] Unlike the conventional mirror-surface con-
densing dew-point instrument configuredby a large
number of constituent parts, the hygrometer can be struc-
turally simplified because it is configured by the main
body part where the heat-pipe phenomenon is caused,
the first temperature deriving means, the space temper-
ature detecting unit, and the computation unit. Therefore,
the hygrometer according to the first embodiment can be
structurally simplified, while alleviating the workload of
its maintenance.
[0073] The hygrometer according to the second em-
bodiment is a hygrometer for measuring the relative hu-
midity of the measurement space, the hygrometer hav-
ing: a main body part that is installed in the measurement

space and configured to encapsulate a working fluid
therein and to cause a heat-pipe phenomenon; a heat-
insulating part fitted externally to the main body part; a
cooling part for cooling a base side part on one side of
the main body part in relation to the heat-insulating part
and thereby condensing the working fluid that evaporates
into gas in a front side part on the other side of the main
body part in relation to the heat-insulating part; first tem-
perature deriving means for deriving a temperature of
the main body part in a section where the working fluid
evaporates; a space temperature detecting unit for de-
tecting a temperature of the measurement space; and a
computation unit for calculating the relative humidity of
the measurement space based on the temperature of the
main body part derived by the first temperature deriving
means and the temperature of the measurement space
detected by the space temperature detecting unit.
[0074] As described above, by disposing the main
body part where the heat-pipe phenomenon is caused
across the two spaces spaced from each other by the
heat-insulating part, and by making the temperature of
the end part of the main body part located in one of the
spaces lower than the temperature of the end part located
in the other space, the temperature of the section in the
other space of the main body part where the working fluid
evaporates becomes substantially equal to the dew point
of the other space. Therefore, according to the hygrom-
eter of the second embodiment, in the main body part
installed in the measurement space, the space where
the front side part is located and the space where the
base side part is located are spaced from each other by
the heat-insulating part, and the base side part is cooled
by the cooling part and thereby becomes colder than the
front side part. Accordingly, the working fluid evaporates
in the front side part of the main body part, and the tem-
perature of the main body part in this section where the
working fluid evaporates becomes substantially equal to
the dew point of the measurement space. Since the tem-
perature of the main body part in the section where the
working fluid evaporates is derived by the first tempera-
ture deriving means, the computation unit can calculate
the relative humidity of the measurement space on the
basis of the derived temperature of the section where the
working fluid evaporates and the temperature of the
measurement space that is detected by the space tem-
perature detecting unit. Therefore, unlike the convention-
al wet and dry bulb hygrometer, because the hygrometer
of the second embodiment does not require a wick for
humidity measurement, it is not necessary to carry out
the troublesome work for replacing the wick every time
when the wick becomes old and the force for pumping
up the water is weakened. Therefore, the workload of
maintaining the hygrometer can be alleviated.
[0075] Unlike the conventional mirror-surface con-
densing dew-point instrument configured by a large
number of constituent parts, the hygrometer can be struc-
turally simplified because it is configured by the main
body part where the heat-pipe phenomenon is caused,
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the first temperature deriving means, the space temper-
ature detecting unit, the cooling part, the heat-insulating
part, and the computation unit. Therefore, this hygrom-
eter can be structurally simplified, while alleviating the
workload of its maintenance. In addition, since this hy-
grometer has the cooling part for cooling the base side
part of the main body part and the heat-insulating part
capable of separating the space where the front side part
of the main body part is located from the space where
the base side part is located, it is possible to forcibly cool
the base side part of the main body part and keep the
temperature of the base side part low, and thereby it is
possible to forcibly cause the heat-pipe phenomenon in
the main body part. Because the hygrometer is not sub-
jected to the installation limitation where the main body
part is disposed across the two spaces having a prede-
termined temperature difference, a hygrometer that can
be applied under a wider variety of conditions can be
configured.
[0076] In this case, it is preferred that the cooling part
is configured by the heat absorption part of the peltier
element. Because the peltier element is activated by a
small amount of electricity, this configuration can cool
the base side part of the main body part while preventing
power consumption.
[0077] In the hygrometer described above, the main
body part may be configured by a heat pipe, a meander-
ing capillary tube type heat pipe, or an oscillating heat
pipe.
[0078] In the hygrometer, it is preferred that the first
temperature deriving means derive the temperature of
the section where the working fluid in liquid form accu-
mulates when the heat-pipe phenomenon is completely
caused in the main body part.
[0079] With this configuration, the first temperature de-
riving means can directly derive the temperature of the
section that indicates the temperature substantially equal
to the dew point of the measurement space of the main
body part. Because the dew point of the measurement
space can be obtained from the temperature derived by
the first temperature deriving means without performing
much correction, the relative humidity of the measure-
ment space can be obtained with a higher degree of ac-
curacy.
[0080] It is preferred that the hygrometer described
above have the second temperature deriving means for
deriving a temperature of the main body part in a section
where the working fluid in gaseous form is condensed,
and that the computation unit calculates the temperature
difference between the temperature of the section in the
main body part where the working fluid evaporates and
the temperature of the section where the working fluid in
gaseous form is condensed, based on the result of de-
riving the temperature by means of the first temperature
deriving means and the result of deriving the temperature
by means of the second temperature deriving means.
[0081] With this configuration, whether the heat-pipe
phenomenon is completely caused in the main body part

can be determined based on the calculated difference in
temperature between the section of the main body part
where the working fluid evaporates and the section where
the gaseous working fluid is condensed. In addition, ac-
cording to the configuration having the cooling part for
cooling the base side part of the main body part, the cool-
ing part is controlled based on the calculated temperature
difference, whereby the difference in temperature be-
tween the section of the main body part where the work-
ing fluid evaporates and the section where the gaseous
working fluid is condensed can be set at the temperature
difference at which the heat-pipe phenomenon is com-
pletely caused in the main body part.
[0082] The dew-point instrument according to the third
embodiment is a dew-point instrument for measuring the
dew point of the measurement space, the dew-point in-
strument having: a main body part that is configured to
encapsulate the working fluid therein and to cause the
heat-pipe phenomenon and disposed across the meas-
urement space and an external space that is spaced from
the measurement space by a heat-insulating part and
has a temperature lower than that of the measurement
space; and first temperature deriving means for deriving
a temperature of the main body part in a section where
the working fluid evaporates.
[0083] The dew-point instrument has the same princi-
ple as the hygrometer in which the main body is disposed
across the measurement space and the external space,
wherein the temperature of the section in the measure-
ment space of the main body part where the working fluid
evaporates becomes substantially equal to the dew point
of the measurement space. Therefore, the dew point of
the measurement space can be obtained by causing the
first temperature deriving means to derive the tempera-
ture of the section where the working fluid evaporates.
As with the hygrometer described above, because this
dew-point instrument does not require a wick, the work-
load of maintaining the dew-point instrument can be al-
leviated.
[0084] Unlike the conventional mirror-surface con-
densing dew-point instrument configuredby a large
number of constituent parts, the dew-point instrument
can be structurally simplified because it is configured by
the main body part where the heat-pipe phenomenon is
caused and the first temperature deriving means. There-
fore, this dew-point instrument can be structurally sim-
plified, while alleviating the workload of its maintenance.
[0085] The dew-point instrument according to the
fourth embodiment is a dew-point instrument for meas-
uring the dew point of the measurement space, having:
a main body part that is installed in the measurement
space and configured to encapsulate a working fluid
therein and to cause a heat-pipe phenomenon; a heat-
insulating part fitted externally to the main body part; a
cooling part for cooling a base side part on one side of
the main body part in relation to the heat-insulating part
and thereby condensing the working fluid that evaporates
into gas in a front side part on the other side of the main
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body part in relation to the heat-insulating part; and first
temperature deriving means for deriving a temperature
of the main body part in a section where the working fluid
evaporates.
[0086] The dew-point instrument has the same princi-
ple as the hygrometer having the cooling part, wherein
the temperature of the section in the front side part of the
main body part where the working fluid evaporates be-
comes substantially equal to the dew point of the meas-
urement space. Therefore, the dew point of the meas-
urement space can be obtained by causing the first tem-
perature deriving means to derive the temperature of the
section where the working fluid evaporates . As with the
hygrometer described above, because this dew-point in-
strument does not require a wick, the workload of main-
taining the dew-point instrument can be alleviated.
[0087] Unlike the conventional mirror-surface con-
densing dew-point instrument configuredby a large
number of constituent parts, this dew-point instrument
can be structurally simplified because it is configured by
the main body part where the heat-pipe phenomenon is
caused, the first temperature deriving means, the cooling
part, and the heat-insulating part. Therefore, this dew-
point instrument can be structurally simplified, while al-
leviating the workload of its maintenance.
[0088] In addition, since this dew-point instrument has
the cooling part for cooling the base side part of the main
body part and the heat-insulating part capable of sepa-
rating the space where the front side part of the main
body part is located from the space where the base side
part is located, it is possible to forcibly cool the base side
part of the main body part and keep the temperature of
the base side part low, and thereby it is possible to forcibly
cause the heat-pipe phenomenon in the main body part.
Because the dew-point instrument is not subjected to the
installation limitation where the main body part is dis-
posed across the two spaces having a predetermined
temperature difference in order to cause the heat-pipe
phenomenon in the main body part, a dew-point instru-
ment that can be applied under a wider variety of condi-
tions can be configured.
[0089] In this case, it is preferred that the cooling part
is configured by the heat absorption part of the peltier
element. Because the peltier element is activated by a
small amount of electricity, this configuration can cool
the base side part of the main body part while preventing
power consumption.
[0090] In the dew-point instrument described above,
the main body part may be configured by a heat pipe, a
meandering capillary tube type heat pipe, or an oscillating
heat pipe.
[0091] In the dew-point instrument described above, it
is preferred that the first temperature deriving means de-
rive the temperature of the section where the working
fluid in liquid form accumulates when the heat-pipe phe-
nomenon is completely caused in the main body part.
[0092] With this configuration, the first temperature de-
riving means can directly derive the temperature of the

section that indicates the temperature substantially equal
to the dew point of the measurement space of the main
body part. Because the dew point of the measurement
space can be obtained from the temperature derived by
the first temperature deriving means without performing
much correction, the dew point of the measurement
space can be obtained with a higher degree of accuracy.
[0093] It is preferred that the dew-point instrument has:
second temperature deriving means for deriving a tem-
perature of the main body part in a section where the
working fluid in gaseous form is condensed; and a com-
putation unit that calculates the temperature difference
between the temperature of the section in the main body
part where the working fluid evaporates and the temper-
ature of the section where the working fluid in gaseous
form is condensed, based on the result of deriving the
temperature by means of the first temperature deriving
means and the result of deriving the temperature by
means of the second temperature deriving means.
[0094] With this configuration, whether the heat-pipe
phenomenon is completely caused in the main body part
can be determined based on the calculated difference in
temperature between the section of the main body part
where the working fluid evaporates and the section where
the gaseous working fluid is condensed. In addition, ac-
cording to the configuration having the cooling part for
cooling the base side part of the main body part, the cool-
ing part is controlled based on the calculated temperature
difference, whereby the difference in temperature be-
tween the section of the main body part where the work-
ing fluid evaporates and the section where the gaseous
working fluid is condensed can be set at the temperature
difference at which the heat-pipe phenomenon is com-
pletely caused in the main body part.
[0095] The following examples listed below are direct-
ed to advantageous embodiments which may represent
separate and independent inventions:

A. A hygrometer for measuring a relative humidity of
a measurement space, the hygrometer comprising:

a main body part that is configured to encapsu-
late a working fluid therein and to cause a heat-
pipe phenomenon and is disposed across the
measurement space and an external space that
is spaced from the measurement space by a
heat-insulating part and has a temperature low-
er than that of the measurement space;
first temperature deriving means for deriving a
temperature of the main body part in a section
where the working fluid evaporates;
a space temperature detecting unit for detecting
a temperature of the measurement space; and
a computation unit for calculating the relative hu-
midity of the measurement space based on the
temperature of the main body part derived by
the first temperature deriving means and the
temperature of the measurement space detect-
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ed by the space temperature detecting unit.

B. A hygrometer for measuring a relative humidity of
a measurement space, the hygrometer comprising:

a main body part that is installed in the meas-
urement space and configured to encapsulate
a working fluid therein and to cause a heat-pipe
phenomenon;
a heat-insulating part fitted externally to the main
body part;
a cooling part for cooling a base side part on one
side of the main body part in relation to the heat-
insulating part and thereby condensing the
working fluid that evaporates into gas in a front
side part on the other side of the main body part
in relation to the heat-insulating part;
first temperature deriving means for deriving a
temperature of the main body part in a section
where the working fluid evaporates;
a space temperature detecting unit for detecting
a temperature of the measurement space; and
a computation unit for calculating the relative hu-
midity of the measurement space based on the
temperature of the main body part derived by
the first temperature deriving means and the
temperature of the measurement space detect-
ed by the space temperature detecting unit.

C. The hygrometer according to embodiment B,
wherein the cooling part is configured by a heat ab-
sorption part of a peltier element.

D. The hygrometer according to any one of embod-
iments A to C, wherein the main body part is config-
ured by a heat pipe.

E. The hygrometer according to any one of embod-
iments A to C, wherein the main body part is config-
ured by a meandering capillary tube type heat pipe
or an oscillating heat pipe.

F. The hygrometer according to any one of embod-
iments A to E wherein the first temperature deriving
means derives the temperature of a section where
the working fluid in liquid form accumulates when
the heat-pipe phenomenon is completely caused in
the main body part.

G. The hygrometer according to any one of embod-
iments A to F, further comprising:

second temperature deriving means for deriving
a temperature of the main body part in a section
where the working fluid in gaseous form is con-
densed,
wherein the computation unit calculates a tem-
perature difference between the temperature of

the section in the main body part where the work-
ing fluid evaporates and the temperature of the
section where the working fluid in gaseous form
is condensed, based on a result of deriving the
temperature by means of the first temperature
deriving means and a result of deriving the tem-
perature by means of the second temperature
deriving means.

H. A dew-point instrument for measuring a dew point
of a measurement space, the dew-point instrument
comprising:

a main body part that is configured to encapsu-
late a working fluid therein and to cause a heat-
pipe phenomenon and is disposed across the
measurement space and an external space that
is spaced from the measurement space by a
heat-insulating part and has a temperature low-
er than that of the measurement space; and
first temperature deriving means for deriving a
temperature of the main body part in a section
where the working fluid evaporates.

I. A dew-point instrument for measuring a dew point
of a measurement space, the dew-point instrument
comprising:

a main body part that is installed in the meas-
urement space and configured to encapsulate
a working fluid therein and to cause a heat-pipe
phenomenon;
a heat-insulating part fitted externally to the main
body part;
a cooling part for cooling a base side part on one
side of the main body part in relation to the heat-
insulating part and thereby condensing the
working fluid that evaporates into gas in a front
side part on the other side of the main body part
in relation to the heat-insulating part; and
first temperature deriving means for deriving a
temperature of the main body part in a section
where the working fluid evaporates.

J. The dew-point instrument according to embodi-
ment I, wherein the cooling part is configured by a
heat absorption part of a peltier element.

K. The dew-point instrument according to any one
of embodiments H to J, wherein the main body part
is configured by a heat pipe.

L. The dew-point instrument according to any one of
embodiments H to J, wherein the main body part is
configuredby a meandering capillary tube type heat
pipe or an oscillating heat pipe.

M. The dew-point instrument according to any one
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of embodiments H to L, wherein the first temperature
deriving means derives the temperature of a section
where the working fluid in liquid form accumulates
when the heat-pipe phenomenon is completely
caused in the main body part.

N. The dew-point instrument according to any one
of embodiments H to M, further comprising:

second temperature deriving means for deriving
a temperature of the main body part in a section
where the working fluid in gaseous form is con-
densed; and
a computation unit that calculates a temperature
difference between the temperature of the sec-
tion in the main body part where the working
fluid evaporates and the temperature of the sec-
tion where the working fluid in gaseous form is
condensed, based on a result of deriving the
temperature by means of the first temperature
deriving means and a result of deriving the tem-
perature by means of the second temperature
deriving means.

Claims

1. A dew-point instrument for measuring a dew point
of a measurement space (S1), the dew-point instru-
ment comprising:

a main body part (2) configured by a heat pipe
or a meandering capillary tube type heat pipe or
an oscillating heat pipe, said main bodypart (2)
being disposed in the measurement space (S1)
and configured to encapsulate a working fluid
therein and to cause a heat-pipe phenomenon;
a heat-insulating part (16) fitted externally to the
main body part (2) and configured to cover the
surroundings of a base side part (2d) of the main
body part (2);
a cooling part (12) for cooling the base side part
(2d) which is one side part of the main body part
(2) covered by the heat-insulating part (16) and
thereby condensing the working fluid that evap-
orates into gas in a front side part (2c) which is
the other side part of the main body part (2) dis-
posed under an atmosphere of the measure-
ment space (S1) ; and
first temperature deriving means (4) configured
to derive a temperature of the main body part
(2) in a section where the working fluid evapo-
rates, said section where the working fluid evap-
orates corresponds to the front side part (2c)
which is disposed under the atmosphere of the
measurement space (S1); characterized in
that:

the first temperature deriving means (4) is
attached to a surf ace of a section of the
main body part (2) which is disposed in the
measurement space (S1), said section be-
ing a section where the working fluid in liquid
form accumulates when the heat-pipe phe-
nomenon is completely caused in the main
body part (2), said section where the work-
ing fluid in liquid form accumulates corre-
sponds to the front side part (2c) of the main
body part (2) which is disposed in the meas-
urement space (S1).

2. The dew-point instrument according to claim 1,
wherein the cooling part is configured by a heat ab-
sorption part of a peltier element (12).

3. The dew-point instrument according to claim 1 or 2,
further comprising:

second temperature deriving means (6) config-
ured to derive a temperature of the main body
part (2) in a section where the working fluid in
gaseous form is condensed, said section where
the working fluid in gaseous form is condensed
corresponds to the base side part (2d) of the
main body part (2) which is inserted in the heat-
insulating part (16); and
a computation unit (10a) that calculates a tem-
perature difference between the temperature of
the section in the main body part (2) where the
working fluid evaporates and the temperature of
the section where the working fluid in gaseous
form is condensed, based on a result of deriving
the temperature by means of the first tempera-
ture deriving means (4) and a result of deriving
the temperature by means of the second tem-
perature deriving means (6).

4. The dew-point instrument according to any one of
claims 1 to 3, wherein the heat-insulating part (16)
has a through-hole (16a) into which the main body
part (2) is inserted.

5. A dew-point instrument for measuring a dew-point
of a measurement space (S1) that is spaced from
an external space (S2) by a heat-insulating part (100)
which is used for the measuring, the external space
(S2) having a temperature lower than that of the
measurement space (S1), the heat-insulating part
(100) having a through-hole (100a), the dew-point
instrument comprising:

a main body part (2) configured by a heat pipe
or a meandering capillary tube type heat pipe or
an oscillating heat pipe, said main body part (2)
being configured to encapsulate a working fluid
therein and to cause a heat-pipe phenomenon
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when said main body part (2) is, through the
through-hole (100a) , disposed across the
measurement space (S1) and the external
space (S2);
first temperature deriving means (4) configured
to derive a temperature of the main body part
(2) in a section where the working fluid evapo-
rates when said main body part (2), is, through
the through-hole (100a), disposed across the
measurement space (S1) and the external
space (S2); characterized in that:

the first temperature deriving means (4) is
attached to a surf ace of a section of the
main body part (2) which is disposed in the
measurement space (S1), said section be-
ing a section where the working fluid in liquid
form accumulates when the heat-pipe phe-
nomenon is completely caused in the main
body part (2) , said section where the work-
ing fluid in liquid form accumulates corre-
sponds to the front side part (2c) of the main
body part (2) which is disposed in the meas-
urement space (S1).
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