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(54) HEAT EXCHANGER

(57)  Provided is a heat exchanger capable of sup-
pressing formation and adhesion of scale while achieving
a higher heat transfer rate, and having a longer life. A
heat exchanger 10 includes throttle passages 37 and 47
having smaller flow passage cross-sectional areas than
another portion between an upstream space 25a and a
downstream space 25b, and a plate heater 20 configured
in such a manner that a heat generation density is lower
in a portion closer to a water outlet 25b than in a portion
closer to a water inlet 25a. This makes it possible to sup-
press a temperature from rising to a high temperature at
which local boiling will take place, even in a boundary
layer between a portion of the plate heater 20 which is
closer to the water outlet 25b, where the temperature of
the washing water tends to be high, and washing water
contacting the portion of the plate heater 20 which is clos-
er to the water outlet 25b, while improving the heat trans-
fer rate. As a result, generation of air bubbles is sup-
pressed, and the generated air bubbles are guided quick-
ly to the water outlet 25b. Thus, a heat exchanger which
can prevent formation of scale and adhesion of the scale
onto the plate heater 20 and has a longer like is provided.
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Description
Technical Field

[0001] The present invention relates to a heat ex-
changer of an instantaneous heating type, for use with a
sanitary washing device capable of washing a private
part of a human body using hot water, after a user expels
stools.

Background Art

[0002] A sanitary washing device includes a heat ex-
changer for increasing the temperature of washing water
up to a suitable temperature when a private part of a
human body is washed using the water, after a user ex-
pels stools. There are various types of heat exchangers.
One exemplary heat exchanger is a plate type heat ex-
changer which is disclosed in Patent Literature 1. This
heat exchanger is configured in such a manner that a
heater of a plate type (plate heater) is stored into a casing
of a rectangular parallelepiped shape with a small width
and placed to be oriented vertically, the heat exchanger
having two passages which extend upwardly and sinu-
ously horizontally along heat transfer surfaces of the
plate heater, respectively. When the plate heater is being
actuated, the washing water is flowed through the pas-
sages to raise its temperature up to a suitable tempera-
ture. The heat exchanger disclosed in Patent Literature
1 has advantages that since the passages have small
flow passage cross-sectional areas, the washing water
can be flowed at a high and uniform speed, a heat transfer
rate can be improved, and its configuration can be made
compact.

Citation Lists
Patent Literature

[0003] Patent Literature 1: Japanese Laid-Open Pat-
ent Application Publication No. Hei. 10-220876 (particu-
larly, see Fig. 2)

Summary of the Invention
Technical Problem

[0004] However,inthe above stated conventional heat
exchanger, water flowing into the heat exchanger
through awaterinlet ofthe casing is heated on the surface
of the plate heater, when it is flowing through the pas-
sages extending from the water inlet to a water outlet.
The temperature of water flowing in the passages be-
comes higher as the water gets closer to the water outlet,
and the water is likely to be locally boiled on the surface
of a portion of the plate heater which is closer to the water
outlet. If a high-temperature portion is formed locally on
the surface of a boundary between the plate heater and
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the water in this way, scale is likely to be generated from
a calcium component and the like contained in the wash-
ing water flowing in the passages and is likely to adhere
to the surface of the plate heater. On the portion of the
surface of the plate heater of the heat exchanger, to which
the scale is adhering, heat transfer to the water is imped-
ed due to the scale. This causes a local temperature rise
in the surface temperature of the plate heater, and ad-
hering of the scale onto the surface progresses. The re-
sulting accumulated scale might increase a passage re-
sistance, which would make it difficult to ensure a nec-
essary amount of the washing water. In a case where
the plate heater is a ceramic heater, a crack or a break
of the plate heater might be caused by thermal distortion
due to a partial temperature difference generated due to
the scale.

[0005] The conventional plate heat exchanger provid-
ed with the passages extending along the heat transfer
surfaces of the plate heater, is designed on the ground
that the amount of heat transferred to the washing water
is substantially equal between one of the heat transfer
surfaces and the other heat transfer surface in the plate
heater. Because of this, if a great difference in the amount
of heat transferred to the water is generated between the
heat transfer surfaces, the washing water in the passage
corresponding to one of the heat transfer surfaces is likely
to be locally boiled and air bubbles are likely to be gen-
erated. The generated air bubbles increase a flow resist-
ance of the washing water flowing in the passages, and
hence a good balance of the amount of the washing water
between the heat transfer surfaces of the plate heater
cannot be maintained, which results in an increase in the
difference in the amount of heat transferred to the water.
In a case where a thermistor which is actuated respon-
sively to the temperature of the outflowing water is pro-
vided in the vicinity of a water outlet of a heat exchanger,
air bubbles grown to a great size may make it difficult to
actuate the thermistor properly.

[0006] If the above air bubbles adhere onto the heat
transfer surface of the plate heater and are grown to a
great size between the heat transfer surface of the plate
heater and the washing water, the heat transfer surface
and the washing water get separated from each other,
because of the presence of the air bubbles. In this case,
it becomes difficult to transfer the heat from the plate
heater to the washing water, which significantly elevates
the temperature of the heat transfer surface of the plate
heater. If the temperature of only one heat transfer sur-
face of plate heater increases significantly, and hence a
temperature difference between the heat transfer surfac-
es increases, deformation or the like of the plate heater
occurs due to a thermal stress.

[0007] A dominant factor of the adhesion of the scale
to the heat transfer surface is the temperature of the heat
transfer surface. Typically, a desired temperature of the
heat transfer surface is suitably determined depending
on a concentration of the scale of tap water, a desired
endurance time of the heater, etc., that is, for example,



3 EP 2 476 969 A1 4

the temperature is not higherthan 100 degrees C at which
the wateris boiled, preferably, not higher than 80 degrees
C. Ifthe temperature of even a portion of the heat transfer
surface exceeds the desired temperature, then the scale
would adhere onto that portion and would impede heat
transfer, which must be averted. To avert this, the area
of the heat transfer surface may be possibly increased.
This undesirably results in a cost increase of the heat
exchanger. To satisfy a desired temperature of the heat
transfer surface while minimizing the area of the heat
transfer surface of the heat exchanger, it is necessary to
configure the heat exchanger so as to set local distribu-
tions of a watt density of the plate heater or local distri-
butions of a heat transfer rate so that local temperature
distributions of the heat transfer surface become sub-
stantially uniform over the entire heat transfer surface.
[0008] By increasing the flow speed of the washing
water, the heat transfer rate can be improved and gen-
eration of the air bubbles can be suppressed, or the gen-
erated air bubbles can be quickly discharged to outside
through a water outlet. Also, by improving the heat trans-
fer rate, the area of the heat transfer surface can be re-
duced. However, in general, in the heat exchanger for
use with a hot water washing toilet seat, the amount of
washing water per usage is small. Therefore, to increase
the flow speed of the washing water inside the heat ex-
changer, a passage width is required to be set very small
to ensure the flow speed. Typically, a maximum value of
the flow rate is set to about 500cc/min. To increase the
flow speed of the heat exchanger in correspondence with
this flow rate, a gap of the passage formed along the heat
transfer surface of the plate heater is required to be set
to a value less than 0.5mm. However, in this structure,
the width of the passage is extremely small, and therefore
the flow speed tends to become locally non-uniform. Fur-
thermore, as a result of increasing the flow speed of the
washing waterinside the heat exchanger, a pressure loss
of the heat exchanger increases. Because of this, it is
difficultto increase the flow speed significantly in the heat
exchanger. In the case of the passage extending sinu-
ously horizontally as disclosed in Patent Literature 1, a
distance between the water inlet and the water outlet is
large. Therefore, a long time is required to move the air
bubbles generated inside to the water outlet. In addition,
because of the small flow passage cross-sectional area,
the washing water tends to get stagnant due to the gen-
erated air bubbles.

[0009] Inorderto solve the above mentioned problems
associated with the prior arts, an object of the present
invention is to provide a heat exchanger which is capable
of suppressing formation and adhesion of scale and has
a longer life, by configuring a plate heater such that a
watt density is lower at a water outlet side where a water
temperature is relatively higher than at a water inlet side
where the water temperature is relatively lower, to make
a temperature of a heat transfer surface uniform and to
suppress a highest surface temperature of the heater.
Another object of the present invention is to provide a
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heat exchanger capable of suppressing generation of air
bubbles inside thereof, and guiding the generated air
bubbles quickly to the water outlet.

Solution to Problem

[0010] A heatexchanger of the presentinvention com-
prises a casing having a water inlet and a water outlet;
a heater disposed inside the casing and having surfaces
serving as heat transfer surfaces; and a passage space
provided inside the heater, to guide a fluid which has
flowed into the heat exchanger through the water inlet to
the water outlet, the fluid being guided to the water outlet
while exchanging heat with the heat transfer surfaces of
the heater; characterized in that the heater is configured
in such a manner that a heat generation density in a por-
tion closer to the water outlet is lower than a heat gen-
eration density in a portion closer to the water inlet (Claim
1).

[0011] In accordance with this configuration, the fluid
(e.g., washing water) which has flowed into the heat ex-
changer through the water inlet of the casing is heated
by the heat transfer surface of the heater, and thereby a
temperature of the fluid gradually increases asiitis getting
closer to the water outlet. The surface temperature of a
portion of the heater which is closer to the water inlet is
likely to rise due to the higher heat generation density of
the heater, but alarge amount of heat is taken away from
that portion by the fluid which has not been heated yet
and still has a lower temperature (i.e., a degree of sub-
cooling is great). Therefore, in the portion of the heater
closer to the water inlet, the surface temperature does
not rise up to a high temperature at which local boiling
will take place. By comparison, the surface temperature
of a portion of the heater which is closer to the water
outlettends to become higher as compared to the surface
temperature of the portion of the heater which is closer
to the water inlet, because the fluid contacting the surface
of the heater has already been heated. Heat taken away
from the surface of the heater by the fluid is lessened in
amount, and the degree of the sub-cooling becomes less.
However, the heater is configured in such a manner that
the heat generation density is lower in the portion closer
to the water outlet than in the portion closer to the water
inlet. As a result, in the portion of the heater closer to the
water outlet, the surface temperature does not rise up to
a high temperature at which local boiling will take place.
[0012] As described above, since the heater is config-
ured in such a manner that the heat generation density
is lower in the portion closer to the water outlet than in
the portion closer to the water inlet, the temperature is
suppressed from rising up to a high temperature at which
local boiling will take place, even on a surface of a bound-
ary between the water and the portion of the heater which
is closer to the water outlet where the temperature of the
fluid tends to become higher. Thus, the heat exchanger
is allowed to prevent formation and adhesion of the scale,
and have a longer life. Since the heat generation density
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is set higher in the portion of the heater which is closer
to the water inlet, where the temperature of the fluid is
relatively lower and the flow speed of the fluid typically
tends to be higher than at the water outlet, the heat trans-
fer rate in the portion of the heat exchanger in the vicinity
of the water inlet can be improved.

[0013] In the heat exchanger of the present invention,
the heater may be a plate heater placed to be oriented
in a direction substantially parallel to a vertical direction,
and may have an obverse main surface and a reverse
main surface which are the heat transfer surfaces; and
the passage space may extend from the water inlet at a
lower portion to the water outlet at an upper portion along
the obverse and reverse heat transfer surfaces of the
plate heater (Claim 2).

[0014] In the case of a normal plate heater in which
local distributions of the heat generation density are uni-
form over the entire heat transfer surface, the tempera-
ture becomes highest at a portion of the plate heater
which is closer to the water outlet, and the scale is initially
generated on this portion. However, the heat generation
density of the plate heater of the present invention is set
lower in the portion closer to the water outlet than in the
portion closer to the water inlet. Therefore, a heat flux of
the heat exchanger is higher in the portion of the heater
which has a higher heat generation density and is lower
in the portion of the heater which has a lower heat gen-
eration density. This can make the temperature of the
heat transfer surface uniform. As a result, the tempera-
ture does not rise up to a high temperature in a localized
portion to an extent that the scale will adhere onto the
localized portion.

[0015] In such a configuration, heat exchange is car-
ried outin such a manner that the heat is transferred from
the plate heater to the washing water flowing while con-
tacting the obverse and reverse main surfaces of the
plate heater and a heat efficiency is high without a sub-
stantial heat release loss. Since the obverse and reverse
main surfaces of the plate heater are used as the heat
transfer areas, the heat exchanger can be made com-
pact.

[0016] In the heat exchanger of the present invention,
the heater may be a ceramic heater including a ceramic
base body, a heat generation resistive element formed
by printing a pattern of a resistive element on the ceramic
base body, and an electrode, and the printed pattern may
have a line width greater in a portion of the heater which
is closer to the water outlet than in a portion of the heater
which is closer to the water inlet (Claim 3).

[0017] In such a configuration, as the line width of the
printed pattern which is a heat generation resistive ele-
mentincreases, an electric resistance generated by flow-
ing a current is lower and a heat generation amount de-
creases. Therefore, it is possible to provide a ceramic
heater configured in such a manner that the heat gener-
ation amount is greater (i.e., heat generation density is
higher) in the portion of the heater which is closer to the
water inlet, in which the line width of the printed pattern
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is smaller, while the heat generation amount is smaller
(i.e., heat generation density is lower) in the portion of
the heater which is closer to the water outlet, in which
the line width of the printed pattern is greater. Because
ofthis structure, itis possible to suppress the temperature
from rising up to a high temperature at which local boiling
will take place, on the surface of the boundary between
the fluid and the portion of the ceramic heater which is
closer to water outlet where the temperature of the fluid
tends to be higher, and possible to prevent formation and
adhesion of the scale. As a result, a heat exchanger con-
stituted by ceramic which has a smaller heat capacity,
but tends to get more easily cracked, as compared to
metal materials, can prevent a crack and have a longer
life while maintaining a high heat exchange efficiency.
[0018] In the heat exchanger of the present invention,
the heater may be a ceramic heater including a ceramic
base body, a heat generation resistive element formed
by printing a pattern of a resistive element on the ceramic
base body, and an electrode, and the printed pattern may
have a line interval (in-line gap) greater in a portion of
the heater which is closer to the water outlet than in a
portion of the heater which is closer to the water inlet
(Claim 4).

[0019] In such a configuration, it is possible to provide
a ceramic heater configured in such a manner that the
heat generation amount is greater (i.e., heat generation
density is higher), in the portion closer to the water inlet
in which the line interval of the printed pattern is smaller,
while the heat generation amount is smaller (i.e., heat
generation density is lower), in the portion closer to the
water outletin which the line interval of the printed pattern
is greater. Because of the above stated reason, it is pos-
sible to achieve a heat exchanger which can prevent for-
mation and adhesion of the scale, prevent a crack of the
ceramic heater, and have a longer life.

[0020] Inthe heat exchanger of the present invention,
the passage space may include an upstream space in-
cluding an opening of the water inlet and a downstream
space including an opening of the water outlet, and a
throttle passage having a smaller flow passage cross-
sectional area than another space may be provided be-
tween the upstream space and the downstream space
(Claim 5).

[0021] Insuch aconfiguration, when the fluid is flowing
from the upstream space toward the downstream space,
the flow speed of the fluid becomes a highest speed just
after the fluid has exited the throttle passage, and there-
after gradually decreases. Because of this, the heat
transfer rate on the heat transfer surface associated with
this throttle passage tends to be highest when the flow
speed of the fluid becomes the highest speed just after
the fluid has exited the throttle passage, and then be
gradually lowered. As compared to a heat transfer rate
provided only by a normal natural convection, the value
of the heat transfer rate increases significantly. There-
fore, the rate of heat transfer from the plate heater to the
fluid in the downstream space can be improved, and the
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airbubbles can be guided to the water outlet quickly along
with the fluid flowing at a high speed through the throttle
passage.

[0022] In the heat exchanger of the present invention,
the passage space at one heat transfer surface side of
the plate heater and the passage space at the other heat
transfer surface side of the plate heater may be symmet-
ric (Claim 6).

[0023] In such a configuration, a balance of a heat
transfer amount of the heat transfer surfaces of the heater
can be ensured, and deformation of the heater due to a
thermal stress can be prevented.

[0024] In the present invention, the state where "two
passage spaces at one heat transfer surface side of the
plate heater and at the other heat transfer surface side
of the plate heater are symmetric" refers to a state in
which the plate heater is disposed between the two pas-
sage spaces and the two passage spaces are disposed
to face each other to be substantially plane-symmetric
with respect the heat transfer surface (at least one of the
two heat transfer surfaces) of the plate heater." A specific
example of this is, for example, a positional relationship
between two passage spaces 25 disposed to face each
other to be plane-symmetric with respect to a heat trans-
fer surface (first transfer surface 20a or second heat
transfer surface 20b), as shown in Figs. 2 and 3 as de-
scribed later.

[0025] Inthe heat exchanger of the present invention,
the downstream space may have a greater volume than
the upstream space (Claim 7).

[0026] In such a configuration, since the flow speed of
the fluid can be increased in the downstream space hav-
ing a greater volume, the heat transfer rate can be further
improved.

[0027] Inthe heat exchanger of the present invention,
the throttle passage may have a horizontal throttle pas-
sage extending substantially horizontally from a portion
of the heat exchanger which is closer to the water inlet,
to flow the fluid in an upward direction toward the down-
stream space (Claim 8).

[0028] In such a configuration, the fluid which has
passed through the horizontal throttle passage migrates
upward as in the case where the fluid which has been
heated up by the heater and has a relatively high tem-
perature migrates upward by a natural convection. Since
the fluid which has passed through the horizontal throttle
passage migrates upward as in the case of the natural
convection, in this way, the flow speed of the fluid can
be further improved.

[0029] In the heat exchanger of the present invention,
the throttle passage may have a vertical throttle passage
extending substantially vertically upward, from one end
portion of the horizontal throttle passage which is farther
from the water inlet than the other end portion of the hor-
izontal throttle passage, to flow the fluid horizontally to-
ward the downstream space (Claim 9).

[0030] In such a configuration, the fluid which has
passed through the vertical throttle passage is mixed with
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the fluid which has passed through the horizontal throttle
passage to generate a disordered flow, which allows the
fluid to be agitated. As a result, the heat transfer rate can
be improved.

[0031] Inthe heat exchanger of the present invention,
the throttle passage may have a slit shape; and the throt-
tle passage may have an increased-width portion having
a greater opening width than another portion (Claim 10).
[0032] In such a configuration, a difference is gener-
ated between flow speed of the fluid which has passed
through the increased-width portion of the throttle pas-
sage and the flow speed of the fluid which has passed
through a portion of the throttle passage which is other
than the increased-width portion. When the fluids flow
into the downstream space at different flow speeds, they
form a disordered flow and agitate the fluid in the down-
stream space, so that the heat transfer rate can be im-
proved.

[0033] Inthe heat exchanger of the present invention,
an agitating wall for agitating the fluid may be provided
in the downstream space to extend in a substantially up-
ward and downward direction along the plate heater; and
the agitating wall may be corrugated to have a horizontal
amplitude (Claim 11).

[0034] In such a configuration, since the fluid in the
downstream space is further agitated by the agitating
walls, the heat transfer rate can be further improved. In
addition, since the agitating walls extend in the upward
and downward direction, the generated air bubbles can
migrate upward quickly to the water outlet, by a buoyancy
force, and are discharged therethrough, without being
impeded.

[0035] Inthe heat exchanger of the present invention,
a buffer wall extending substantially horizontally along
the plate heater may be provided in the downstream
space (Claim 12).

[0036] Insuchaconfiguration, the fluid flowing through
the downstream space is held back just before each buff-
erwall and is diffused when itis passing through a narrow
space between the buffer wall and the plate heater. By
agitating the fluid in this way, the heat transfer rate can
be improved.

[0037] Inthe heat exchanger of the present invention,
the buffer wall has a plurality of buffer walls arranged in
the upward and downward direction; and the buffer walls
are provided with remaining portions formed (left) by cut-
ting portions of the buffer walls such that positions of the
remaining portions are different between adjacent upper
and lower buffer walls when viewed from above (Claim
13).

[0038] In such a configuration, since the space be-
tween the remaining portion of the buffer wall and the
plate heater has a great flow passage cross-sectional
area, a part of the fluid is likely to migrate substantially
horizontally toward the remaining portion. Therefore, in
the downstream space, a water flow migrating substan-
tially horizontally toward the remaining portion and a wa-
ter flow migrating vertically upward beyond the buffer wall
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are mixed and formed into a disordered flow, which allows
the fluid to be agitated. As a result, the heat transfer rate
can be improved.

[0039] The heat exchanger of the present invention
comprises a pair of passage forming members disposed
to sandwich the plate heater; each of the passage forming
members may include a base portion of a plate shape
disposed to face the plate heater, and a rib protruding
from a surface of the base portion which faces the plate
heater; and the slit-shape throttle passage may be de-
fined by the rib and the plate heater which faces the rib
and provided between the rib and the plate heater which
faces the rib (Claim 14).

[0040] In such a configuration, a heat exchanger in-
cluding a throttle passage with a relatively simple config-
uration can be provided.

[0041] Inthe heat exchanger of the present invention,
the heater may be a plate heater placed to be oriented
in a direction substantially parallel to a vertical direction,
and has an obverse main surface and a reverse main
surface which are the heat transfer surfaces; and the
passage space may be formed in a sinuous passage
extending from the water inlet at a lower portion to the
water outlet at an upper portion along the obverse and
reverse heat transfer surfaces of the plate heater (Claim
15).

[0042] In such a configuration, heat exchange is car-
ried outin such a manner that the heat is transferred from
the plate heater to the washing water flowing while con-
tacting the obverse and reverse main surfaces of the
plate heater and a heat efficiency is high without a sub-
stantial heat release loss. Since the obverse and reverse
main surfaces of the plate heater are used as the heat
transfer areas, the heat exchanger can be made com-
pact. Since the sinuous passage can provide an in-
creased passage length and a higher flow speed of the
fluid, a layer (temperature boundary layer) of the fluid to
which heat is substantially transferred from the surface
of the heater is thinned. Therefore, the heat transfer rate
is improved, and the temperature of the surface of the
heater is lowered. Thus, local boiling can be suppressed
more effectively, and hence formation and adhesion of
the scale can be prevented more effectively.

[0043] In the heat exchanger of the present invention,
wherein the sinuous passage may be defined by a plu-
rality of wall portions arranged vertically to extend sub-
stantially horizontally, and the sinuous passage may
have in a range from the water inlet to the water outlet,
a passage for guiding the fluid in one direction in a sub-
stantially horizontal direction, and a passage for guiding
the fluid in an opposite direction in the substantially hor-
izontal direction such that the passages are arranged
alternately from a lower side to an upper side; and a by-
pass passage is provided in an upward and downward
direction on a portion of each of the wall portions in a
longitudinal direction thereof to provide communication
between adjacent upper and lower passages (Claim 16).
[0044] In such a configuration, the air bubbles can be
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guided quickly to the water outlet through the bypass
passages formed in an upward and downward direction
in the sinuous passage while improving the heat transfer
rate by the high-speed flow of the washing water. In other
words, since the sinuous passage makes the flow pas-
sage cross-sectional area smaller, the flow speed of the
washing water can be made high and uniform. As de-
scribed above, the heater is configured in such a manner
that the heat generation density is lower in the portion
closer to the water outlet than in the portion closer to the
water inlet, the temperature of a portion of the heat trans-
fer surface is prevented from rising up to a high temper-
ature at which local boiling of the washing water will take
place, and generation of the air bubbles is suppressed.
If the air bubbles are generated, the generated air bub-
bles are allowed to migrate quickly to the water outlet
through the bypass passage having a shorter length than
the overall sinuous passage. This makes it possible to
prevent an event in which a passage resistance at one
heat transfer surface side becomes higher than that at
the other heat transfer surface side, or the temperature
of one heat transfer surface becomes much higher than
that of the other heat transfer surface, due to the air bub-
bles. Thus, local boiling which would lead to formation
and adhesion of the scale can be further suppressed.
Since the air bubbles generated on the surface of the
heater migrate through the bypass passages and are dis-
charged quickly through the water outlet, the air bubbles
are prevented from growing to a great size. Thus, a prob-
lem that the operation of a thermistor located in the vi-
cinity of the water outlet is impeded due to the air bubbles
with a great size, will not occur.

[0045] Inthe heat exchanger of the present invention,
the sinuous passage at one heat transfer surface side of
the plate heater and the sinuous passage at the other
heat transfer surface side of the plate heater may be sym-
metric, and the bypass passage at one heat transfer sur-
face side of the plate heater and the bypass passage at
the other heat transfer surface side of the plate heater
may be symmetric (Claim 17).

[0046] In such a configuration, in addition to the above
advantages, a balance of a heat transfer amount be-
tween the obverse and reverse heat transfer surfaces of
the heater is properly maintained, and deformation of the
heater due to a thermal stress can be prevented.
[0047] In the present invention, the state where "two
sinuous passages at one heat transfer surface side of
the plate heater and at the other heat transfer surface
side of the plate heater are symmetric" refers to a state
in which the plate heater is disposed between the two
sinuous passage spaces and the two sinuous passage
spaces are disposed to face each other to be substan-
tially plane-symmetric with respect the heat transfer sur-
face (at least one of the two heat transfer surfaces) of
the plate heater." A specific example of this is, for exam-
ple, a positional relationship between two sinuous pas-
sages (sinuous passage 135 and sinuous passage 145)
disposed to face each other to be substantially plane-
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symmetric with respect to a heat transfer surface (first
transfer surface 120a or second heat transfer surface
120b), as shown in Figs. 15 and 16 as described later.
[0048] In the present invention, the state where "two
bypass passages at one heat transfer surface side of the
plate heater and at the other heat transfer surface side
of the plate heater are symmetric" refers to a state in
which the plate heater is disposed between the two by-
pass passages and the two sinuous passages are dis-
posed to face each other to be substantially plane-sym-
metric with respect the heat transfer surface (at least one
of the two heat transfer surfaces) of the plate heater."
[0049] In the heat exchanger of the present invention,
bypass passages formed on the plurality of wall portions
may substantially conform in position to each other when
viewed from above (Claim 18).

[0050] Insuch a configuration, in addition to the above
advantages, the air bubbles can migrate straightly up-
ward through the bypass passages and reach the water
outlet quickly.

[0051] The heat exchanger of the present invention
may comprise a pair of passage forming members dis-
posed to sandwich the plate heater; and each of the pas-
sage forming members may include a base portion of a
plate shape disposed to face the plate heater, and a plu-
rality of ribs protruding from a surface of the base portion
which faces the plate heater to form the wall portions;
and a remaining portion formed by cutting a portion of
each of the plurality of ribs may be provided on a portion
of each of the plurality of ribs in a longitudinal direction
thereof such that a tip end of the rib is dented with respect
toanother portion to form the bypass passage (Claim 19).
[0052] Insuch a configuration, in addition to the above
advantages, the bypass passages can be formed by cut-
ting portions of tip ends of the ribs in a heat exchanger
including a plate heater and a pair of passage forming
members.

[0053] In the heat exchanger of the present invention,
the remaining portion of the rib may have a tapered shape
when viewed from above such that a cut portion width of
the remaining portion decreases as a cut portion depth
of the remaining portion increases (Claim 20).

[0054] In the heat exchanger of the present invention,
the remaining portion of the rib may have a circular-arc
shape when viewed from above such that a cut portion
depth of a center portion of a cut portion width is great
(Claim 21).

[0055] Insuch a configuration, in addition to the above
advantages, air bubbles having a great diameter can
pass through the remaining portions (bypass passages).
[0056] In the heat exchanger of the present invention,
the remaining portion of the rib provided at a relatively
upper side may have a greater cut portion width than the
remaining portion of the rib provided at a relatively lower
side (Claim 22).

[0057] In such a configuration, in addition to the above
advantages, the flow speed can be increased by reducing
the cut portion width of the remaining portion, because
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the water temperature is not sufficiently high and the air
bubbles are less likely to be generated in a lower region
(i.e., upstream side). In contrast, in an upper region (i.e.,
downstream side) where the water temperature tends to
be high, the air bubbles are allowed to surely pass
through the remaining portion by setting the cut portion
width of the remaining portion greater.

[0058] The heat exchanger of the present invention,
the remaining portion may not be provided on the rib pro-
vided at a relatively lower side; and the remaining portion
may be provided on the rib provided at a relatively upper
side (Claim 23).

[0059] Insuch a configuration, in addition to the above
advantages, the flow speed can be further increased
without providing the remaining portion in the lower re-
gion where the air bubbles are less likely to be generated,
while the air bubbles are allowed to surely pass through
the remaining portion provided in the upper region where
the air bubbles are easily generated.

Advantageous Effects of the Invention

[0060] In accordance with the present invention, it is
possible to provide a heat exchanger which is capable
of suppressing a temperature from rising up to a high
temperature at which local boiling will take place, sup-
pressing generation of air bubbles inside thereof, pre-
venting formation and adhesion of scale, and having a
longer life, while improving a heat transfer rate. Also, it
is possible to provide a heat exchanger which is capable
of suppressing generation of air bubbles inside passag-
es, and guiding the generated air bubbles quickly to a
water outlet.

Brief Description of the Drawings
[0061]

[Fig. 1] Fig. 1 is a perspective view showing an ex-
ternal appearance of a sanitary washing device in-
cluding a heat exchanger according to an embodi-
ment of the present invention.

[Fig. 2] Fig. 2 is a front view showing a configuration
of an external appearance of a heat exchanger ac-
cording to Embodiment 1.

[Fig. 3] Fig. 3 is a cross-sectional view of the heat
exchanger taken along B-B of Fig. 2.

[Fig. 4] Fig. 4 is a plan view showing an example of
a pattern of a resistive element formed on a plate
heater of the heat exchanger of Fig. 3.

[Fig. 5] Fig. 5is a plan view showing another example
of the pattern of the resistive element formed on the
plate heater of the heat exchanger of Fig. 3.

[Fig. 6] Fig. 6 is an exploded view of the heat ex-
changer. Fig. 6(a) is a plan view of the heat exchang-
er in a state where a second passage forming mem-
ber and the plate heater are removed, when viewed
from a base surface side of a first passage forming
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member, and Fig. 6(b) is a plan view showing the
second passage forming member when viewed from
a base surface side thereof.

[Fig. 7] Fig. 7 shows a configuration of a region near
ribs in an assembled heat exchanger along a direc-
tion of X, to shown a configuration of throttle passag-
es. Fig. 7(a) is an enlarged view of a portion Vlla of
Fig. 3, and Fig. 7(b) is an enlarged view showing a
modified example of throttle passages.

[Fig. 8] Fig. 8 is a view showing a configuration of a
heat exchanger according to Embodiment 2. Fig. 8
(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member, and Fig. 8(b) is a plan
view showing an example of a flow of washing water.
[Fig. 9] Fig. 9 is a view showing a configuration of a
heat exchanger according to Embodiment 3. Fig. 9
(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member, and Fig. 9(b) is a plan
view showing an example of a flow of washing water.
[Fig. 10] Fig. 10 is a view showing a configuration of
a heat exchanger according to Embodiment 4. Fig.
10(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member, and Fig. 10(b) is a
plan view showing an example of a flow of washing
water.

[Fig. 11] Fig. 11 is a view showing a configuration of
a heat exchanger according to Embodiment 5. Fig.
11(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member. Fig. 11(b) is a cross-
sectional view of the heat exchanger taken along B-
B. Fig. 11(c) is a cross-sectional view of the heat
exchanger taken along C-C.

[Fig. 12] Fig. 12 is a view showing a configuration of
a heat exchanger according to Embodiment 6. Fig.
12(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member. Fig. 12(b) is a cross-
sectional view of the heat exchanger taken along B-
B.

[Fig. 13] Fig. 13 is a view showing a configuration of
a heat exchanger according to Embodiment 7. Fig.
13(a) is a plan view of the heat exchanger in a state
where a second passage forming member is re-
moved, when viewed from a base surface side of a
first passage forming member. Fig. 13(b) is a cross-
sectional view of the heat exchanger taken along B-
B.

[Fig. 14] Fig. 14 is a view showing a modified exam-
ple of the heat exchanger of Embodiment 1 and
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showing the heat exchanger in a state where a sec-
ond passage forming member and a plate heater are
removed, when viewed from a base surface side of
a first passage forming member.

[Fig. 15] Fig. 15 is a front view showing a configura-
tion of a heat exchanger according to Embodiment
8. Fig. 15(a) is a front view showing a configuration
of an external appearance of the heat exchanger.
Fig. 15(b) is a cross-sectional view of the heat ex-
changer taken along B-B.

[Fig. 16] Fig. 16 is an exploded view of the heat ex-
changer. Fig. 16(a) is a plan view of the heat ex-
changer in a state where a second passage forming
member and a heater are removed, when viewed
from a base surface side of a first passage forming
member, and Fig. 6(b) is a plan view showing the
second passage forming member when viewed from
a base surface side thereof.

[Fig. 17] Fig. 17 is a cross-sectional view of the heat
exchanger, taken along XVII-XVII of Fig. 16.

[Fig. 18] Fig. 18 is a view showing a configuration of
a rib and a remaining portion. Fig. 18(a) is an en-
larged view of a portion XVllla of Fig. 17 to show a
configuration of the remaining portion taken along
Z-direction. Fig. 18(b) is an enlarged view of a portion
XVIIIb of Fig. 15 to show a configuration of the re-
maining portion taken along X-direction.

[Fig. 19] Fig. 19 is a view showing a flow of washing
water and air bubbles in the heat exchanger of Em-
bodiment 8, and is a plan view showing a configura-
tion of the heat exchanger when viewed from a base
surface side of a first passage forming member.
[Fig. 20] Fig. 20 is an enlarged view of a remaining
portion taken along Z-direction, to show another con-
figuration of the remaining portion. Fig. 20(a) is an
enlarged view showing a remaining portion having
a tapered deepest portion. Fig. 20(b) is an enlarged
view showing a remaining portion having a circular-
arc deepest portion. Fig. 20(c) is an enlarged view
showing a remaining portion having a deepest por-
tion defined by a tilted surface.

[Fig. 21] Fig. 21 is a view showing a configuration of
a heat exchanger according to Embodiment 10, and
is a plan view showing the heat exchanger when
viewed from a base surface side of a first passage
forming member.

[Fig. 22] Fig. 22 is a view showing a configuration of
a heat exchanger according to Embodiment 11, and
is a plan view showing the heat exchanger when
viewed from a base surface side of a first passage
forming member.

Description of the Embodiments

[0062] Hereinafter, a heat exchanger according to an
embodiment of the present invention will be described
with reference to the drawings, using an example in which
the heat exchanger is incorporated into a sanitary wash-
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ing device. The present invention is not limited to the
embodiment.

[Sanitary washing device]

[0063] Fig.1isaperspective view showing an external
appearance of a sanitary washing device including a heat
exchanger according to an embodiment of the present
invention. As shown in Fig. 1, a sanitary washing device
1 is provided on the upper surface of a toilet bowl 2, and
includes a base portion 3, a toilet seat 4, a toilet cover 5,
an operating unit 6, and others. The base portion 3 is
disposed behind the toilet seat 4 (behind from the per-
spective of a user seated). In the interior of a casing 3a
which is elongated in a lateral direction and hollow, a
washing unit (not shown), a drying unit (not shown), a
control unit (not shown) for controlling the operation of
these units, a heat exchanger 10 (indicated by a broken
line) according to the present embodiment, etc., are
stored. Into the heat exchanger 10, tap water (fluid, liquid,
washing water) is introduced from water utilities incorpo-
rated in a building structure attached with the toilet bowl
2, and is warmed up to a suitable temperature inside
thereof. When the user operates the operating unit 6 to
input a predetermined command, the washing unit is ac-
tuated to eject the washing water to a private part of a
human body in the form of a shower from a nozzle in-
cluded in the washing unit.

(Embodiment 1)
[Heat exchanger]

[0064] Figs. 2 and 3 show a configuration of the heat
exchanger 10 (10A). Fig. 2 is a front view showing an
external appearance of the heat exchanger 10 (10A). Fig.
3is across-sectional view of the heatexchanger 10 (10A)
taken along B-B of Fig. 2. As shown in Figs. 2 and 3, in
its external appearance, the heat exchanger 10A is
formed by aflat plate having a small thickness and having
a rectangular shape as viewed from front. As shown in
Fig. 3, the heat exchanger 10A includes a plate heater
20 of a rectangular plate shape, a first passage forming
member 21 disposed to face one surface (first heat trans-
fer surface) 20a, a second passage forming member 22
disposed to face the other surface (second heat transfer
surface) 20b, and a casing 23 accommodating the plate
heater 20, the first passage forming member 21 and the
second passage forming member 22, and having a water
inlet 23a and a water outlet 23b. The plate heater 20 is
made of ceramic, while the first passage forming member
21 and the second passage forming member 22, are
made of reinforced ABS resin formed by compounding
glass fiber into ABS resin.

[0065] Hereinafter, a description will be given of a state
where the heat exchanger 10A is placed to be oriented
vertically such that the heat transfer surfaces of the plate
heater 20 are parallel to a vertical direction, except for
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cases specially noted. As shown in Fig. 2, the vertical
direction is Z-direction, a direction perpendicular to Z-
direction and parallel to the heat transfer surfaces of the
plate heater 20 is X-direction, and a direction (direction
perpendicular to the first heat transfer surface 20a) per-
pendicular to these two directions is Y-direction.

[0066] As shown in Fig. 3, the first passage forming
member 21 includes a base portion 30 of a rectangular
plate shape which faces the first heat transfer surface
20a, and arib 31 protruding from a surface (base surface)
30a of the base portion 30 which faces the first heat trans-
fer surface 20a. Likewise, the second passage forming
member 22 includes a base portion 40 of a rectangular
plate shape which faces the second heat transfer surface
20b, and arib 41 protruding from a surface (base surface)
40a of the base portion 40 which faces the second heat
transfer surface 20b.

[0067] A wall-like flange portion 32 is provided to ex-
tend along the peripheral edge portion of the base portion
30 of the first passage forming member 21. The flange
portion 32 is extended by a predetermined dimension
toward the second passage forming member 22. An en-
gagement groove 33 is formed at the tip end portion of
the flange portion 32 so as to extend along the periphery
of the flange portion 32. A wall-like flange portion 42 is
provided to extend along the peripheral edge portion of
the base portion 40 of the second passage forming mem-
ber 22. The flange portion 42 is extended by a predeter-
mined dimension away from the first passage forming
member 21. The tip end portion of the flange portion 42
is bent back toward the first passage forming member
21. An engagement projection 43 is formed at the tip end
portion of the flange portion 42 so as to extend along the
periphery of the flange portion 42.

[0068] The first passage forming member 21 is exter-
nally fitted to the second passage forming member 22
such that the base surface 30a faces the base surface
40a. To be more specific, the flange portion 32 of the first
passage forming member 21 is externally fitted to the
flange portion 42 of the second passage forming member
22, and the engagement projection 43 of the second pas-
sage forming member 22 is fitted into the engagement
groove 33 of the first passage forming member 21 (e.g.,
the engagement projection 43 is secured to the engage-
ment groove 33 by ultrasonic fusion-bonding.) This al-
lows the first passage forming member 21 and the second
passage forming member 22 to be joined together in a
sealed state, thereby forming a passage space 25 inside
the first passage forming member 21 and the second
passage forming member 22.

[0069] As shown in Figs. 2 and 3, the water inlet 23a
is provided at the lower portion of one end portion of the
casing 23 in X-direction, while the water outlet 23b is
provided at the upper portion of one end portion of the
casing 23 in X-direction. As shown in Fig. 3, the water
inlet 23a and the water outlet 23b communicate with the
passage space 25.

[0070] Fig. 4 is a plan view showing an example of a
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pattern of a resistive element formed on the plate heater
20 of the heat exchanger of Fig. 3. As shown in Fig. 4,
the plate heater 20 is configured in such a manner that
a resistive element (heater line) pattern 20p is printed on
a ceramic base body 20k. The resistive element pattern
20p is configured in such a manner that a heater line
width 20s is smaller in a portion of the plate heater 20
which is closer to the water inlet 23a and is greater in a
portion of the plate heater 20 which is closer to water
outlet 23b. In brief, according to the resistive element
pattern 20p, the heater line width 20s is smaller and a
resistance value is higherin the portion of the plate heater
20 which is closer to water inlet 23a, while the heater line
width 20s is greater and a resistance value is lower in
the portion of the plate heater 20 which is closer to water
outlet 23b. In other words, the plate heater 20 is config-
ured in such a manner that a heat generation density is
lower in the portion closer to the water outlet 23b than in
the portion closer to the water inlet 23a.

[0071] Fig. 5is a plan view showing another example
of the pattern of the resistive element formed on the plate
heater 20 of the heat exchanger of Fig. 3. Like the resis-
tive element (heater line) pattern 20p of Fig. 4, the resis-
tive element (heater line) pattern 20p is printed on the
ceramic base body 20k in the plate heater 20. By com-
parison, the resistive element pattern 20b of Fig. 5 is
configured in such a manner that a heater line interval
20h between adjacent heater lines is smaller in a portion
of the plate heater 20 which is closer to water inlet 23a
and is greater in a portion of the plate heater 20 which is
closer to water outlet 23b. That is, the plate heater 20 is
configured in such a manner that the heater line interval
20h is smaller and a heat generation density is higher in
the portion closer to the water inlet 23a, while the heater
line interval 20h is greater and a heat generation density
is lower in the portion closer to the water outlet 23b.
[0072] The configuration of the plate heater 20 includ-
ing the resistive element pattern 20p, shown in Figs. 4
and 5, is similar to those of plate heaters 20 of heat ex-
changers of Embodiments 2 - 7 as described later, and
those of plate heaters 120 of heat exchangers of Embod-
iments 8- 11 as described later, as wellas Embodiment 1.
[0073] Fig.6isan exploded view of the heatexchanger
10A. Fig. 6(a) shows the heat exchanger 10A in a state
where the second passage forming member 22 and the
plate heater 20 are removed, when viewed from the base
surface 30a side of the first passage forming member
21, and Fig. 6(b) shows the second passage forming
member 22 when viewed from the base surface 40a side
thereof. As shown in Fig. 6(a), a single rib 31 is provided
on the base surface 30a of the base portion 30 of the first
passage forming member 21 to extend substantially hor-
izontally (in X-direction).

[0074] To be more specific, one end portion 31a of the
rib 31 in X-direction is located in the vicinity of a region
above an opening of the water inlet 23a at the passage
space side, and is in contact with the inner wall surface
of one end portion of the flange portion 32 in X-direction.
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Therib 31 extends along X-direction from one end portion
31a in X-direction on the base surface 30a, and an op-
posite end portion 31b thereof in X-direction is in contact
with the inner wall surface of an opposite end portion of
the flange portion 32 in X-direction.

[0075] AsshowninFig. 6(b), asingle rib 41 is provided
on the base surface 40a of the base portion 40 of the
second passage forming member 22 to extend substan-
tially horizontally (in X-direction). The first passage form-
ing member 21 and the second passage forming member
22 are symmetric with respect to the ribs 31 and 41. To
be specific, like the rib 31, the rib 41 is configured in such
a manner that one end portion 41ain X-direction is in the
vicinity of a region above the water inlet 23a, and is in
contact with the inner wall surface of one end portion of
the flange portion 32 in X-direction, in a state where the
passage forming members 21 and 22 are joined together.
Therib 41 extends along X-direction from one end portion
41a in X-direction on the base surface 40a, and an op-
posite end portion 41b thereof in X-direction is in contact
with the inner wall surface of an opposite end portion of
the flange portion 32 in X-direction, in a state where the
passage forming members 21 and 22 are joined together.
[0076] The above stated ribs 3 and 41 separates the
passage space 25 into an upstream space 25a located
at the relatively lower side and a downstream space 25b
located at the relatively upper side. As shown in Fig. 3,
in addition to Fig. 6, the water inlet 23a opens in the up-
stream space 25a, while the water outlet 23b opens in
the downstream space 25b. The downstream space 25b
has a greater volume than the upstream space 25a. Since
the passage forming members 21 and 22 are joined to-
gether such that the plate heater 20 is sandwiched ther-
ebetween, each of the upstream space 25a and the
downstream space 25b is separated into a space at the
first heat transfer surface 20a side and a space at the
second heat transfer surface 20b side with respect to the
plate heater 20 located at the center in a thickness direc-
tion (Y-direction) thereof (see Fig. 3).

[0077] Theribs 31 and 41 form throttle passages (hor-
izontal throttle passages) 37 and 47, respectively, which
are smaller in flow passage cross-sectional area than the
upstream space 25a and the downstream space 25b.
Fig. 7 shows a configuration of a region closer to the ribs
31 and 41 in the assembled heat exchanger 10A along
X-direction. Fig. 7(a) is an enlarged view of a portion Vlla
of Fig. 3, and Fig. 7(b) shows a modified example of the
throttle passages 37 and 47.

[0078] As shown in Fig. 7(a), the ribs 31 and 41 of
Embodiment 1 have end surfaces 50 at tip end portions
thereof (end portions in Y-direction which are closer to
the plate heater 20), which are not parallel to the heat
transfer surfaces 20a and 20b, respectively. That is, the
end surfaces 50 of the ribs 31 and 41 are tilted surfaces
which are open upward. To be more specific, the end
surfaces 50 are tilted at a predetermined angle A and
their upper portions are more distant from the heat trans-
fer surfaces 20a and 20b, respectively, than their lower
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portions. Because of this, the tip end portion of the rib 31
has a triangular shape in which its lower portion has a
tip portion 51 protruding in an acute angle form. The tip
end of the tip portion 51 of the rib 31 and the tip end of
the tip portion 51 of the rib 41 are distant a predetermined
dimension D 1 from the heat transfer surfaces 20a and
20b of the plate heater 20, respectively.

[0079] Betweentherib31andthe heattransfer surface
20a of plate heater 20, the throttle passage 37 which has
an opening width D 1 and has a slit shape is provided,
while between the rib 41 and the heat transfer surface
20b of plate heater 20, the throttle passage 47 which has
an opening width D1 and has a slit shape is provided.
The upstream space 25a of the heat exchanger 10A of
the present embodiment is a closed space, except for
the water inlet 23a and the throttle passages 37 and 47.
The downstream space 25b of the heat exchanger 10A
of the present embodiment is a closed space, except for
the water outlet 23b and the throttle passages 37 and
47. Therefore, the upstream space 25a communicates
with the downstream space 25b only via the throttle pas-
sages 37 and 47 having the small opening width D 1.
[0080] Subsequently, the flow of the washing water in-
side the above heat exchanger 10A will be described. As
shown in Fig. 6(a), the washing water is introduced into
the passage space 25 of the heat exchanger 10A through
the water inlet 23a, and enters the upstream passage
25a. The upstream space 25a serves to make a pressure
uniform to allow the washing water to flow into the down-
stream space 25b uniformly. Since the upstream space
25a is a closed space, except for the water inlet 23a and
the throttle passages 37 and 47, as described above, the
washing water in the upstream space 25a generates a
relatively high inner pressure. Since the high-pressure
washing water flows into the downstream space 25b
through the throttle passages 37 and 47, the flow speed
of the washing water in the downstream space 25b can
be increased.

[0081] The flow speed pattern of the washing water in
the downstream space 25b in this case is schematically
indicated by reference symbols V1, V2, and V3 in Fig. 3.
As shown in Fig. 3, the flow speed pattern of the washing
water which has just exited the throttle passages 37 and
47 is a flow speed pattern indicated by V1, in which the
flow speed is higher particularly in a region closer to sur-
face of the plate heater 20. The flow speed pattern is
changed into a flow speed pattern (flow speed pattern in
which a highest speed portion is getting closer to an in-
termediate position between the second heat transfer
surface 20b and the base surface 40a) in which the flow
speed is gradually averaged as it is closer to the water
outlet 23b, as indicated by V2 and V3. In any region of
the downstream spaces 25b sandwiching the plate heat-
er 20, the similar flow speed pattern is formed. In the
above described manner, since the flow speed pattern
of the washing water which has just exited the throttle
passages 37 and 47 is the flow speed pattern indicated
by V1, a rate of heat transfer from the heat transfer sur-
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faces 20a and 20b of the plate heater can be improved.
Furthermore, since the flow speed near the surface of
the heater gradually decreases in a direction from the
water inlet 23a toward the water outlet 23b, the heat
transfer rate is higher at the water inlet 23a side and is
lower at the water outlet 23b side.

[0082] The direction of the flow by the above forced
convection in the downstream space 25b (i.e., flow of the
washing water which has passed through the throttle pas-
sages 37 and 47 and migrates upward toward the down-
stream space 25b) is the same as that of the flow of the
washing water by natural convection which is generated
by heating of the plate heater 20. These two flows en-
hance the flow speed, thereby further improving the heat
transfer rate.

[0083] As shown in Fig. 7(a), since the tip end portion
of the rib 31 and the tip end portion of the rib 41 have the
tip portions 51 protruding in the acute angle form at their
lower portions, respectively, the washing water which has
just exited the throttle passages 37 and 47 collides with
the washing water in the downstream space 25b, for ex-
ample, thereby generating a disordered flow. By gener-
ating the disturbed flow of the washing water in the down-
stream space 25b, the washing water can be agitated.
Thus, the rate of heat transfer from the heat transfer sur-
faces 20a and 20b of the plate heater 20 can be improved.
[0084] When the water is flowing from the upstream
space 25a into the downstream space 25b, its flow is
narrowed rapidly, so that the water flows into the down-
stream space 25b in a state where it is smaller in dimen-
sion than a space between the plate heater 20 and the
tip portion 51. Because of this, the flow speed is further
increased, and the heat transfer rate can be improved.
[0085] As described above with reference to Figs. 4
and 5, the plate heater 20 is configured in such a manner
that the heat generation density is lower in the portion
closer to the water outlet 23b than in the portion closer
to the water inlet 23a, and the flow speed of the washing
water flowing while contacting the heat transfer surfaces
20a and 20b of the plate heater 20 is increased by the
presence of the throttle passages 37 and 47 provided in
the passage space 25, in the portion closer to the water
inlet 23a. This allows a great amount of heat to be trans-
ferred efficiently to the washing water in the portion closer
to the water inlet 23a, where the washing water having
a relatively low temperature flows, while excess heat is
prevented from being transferred to the washing water
in the portion closer to the water outlet 23b, where the
washing water having arelatively high temperature flows.
As a result, a heat generation distribution of the plate
heater 20 can be made compatible with a heat exchange
efficiency distribution, and local boiling on the surface of
the plate heater 20 and the resulting generation of air
bubbles are suppressed.

[0086] Since the downstream space 25b including the
water outlet 23b is formed as a relatively wide space in
which there is no obstacle, air bubbles can migrate up-
ward toward the water outlet 23b along with the water
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flow, by a buoyancy force, if the air bubbles are gener-
ated. Therefore, even in a case where the air bubbles
are generated, they can be discharged to outside quickly.
Thus, the heat exchanger 10A of the present embodi-
ment can improve a heat transfer rate while accomplish-
ing quick discharging of the air bubbles.

[0087] Although in the present embodiment, the throt-
tle passages 37 and 47 have the shape shown in Fig. 7
(a), the present invention is not limited to this. For exam-
ple, a structure shown in Fig. 7(b) may be used.

[0088] To be more specific, as shown in Fig. 7(b), end
surfaces 54 of the tip end portions (end portions in Y-
direction which are closer to the plate heater 20) of the
ribs 31 and 41 are not parallel to the heat transfer surfaces
20a and 20b of the plate heater 20, respectively. To be
specific, the end surfaces 54 of the ribs 31 and 41 are
tilted surfaces open downward. To be more specific, the
end surfaces 54 are tilted surfaces having a predeter-
mined angle A, in which their lower portions are more
distant from the heat transfer surfaces 20a and 20b than
their upper portions. Because of this, the tip end portion
of the rib 31 has a triangular shape in which its upper
portion has a tip portion 55 protruding in an acute angle
form. The tip end of the tip portion 55 of the rib 31 and
the tip end of the tip portion 55 of the rib 41 are distant a
predetermined dimension D 1 from the heat transfer sur-
faces 20a and 20b of the plate heater 20, respectively.
Because of this structure, between the rib 31 and the
heat transfer surface 20a of the plate heater 20, a throttle
passage 38 which has an opening width D1 and has a
slit shape is formed, while between the rib 41 and the
heat transfer surface 20b of plate heater 20, a throttle
passage 48 which has an opening width D 1 and has a
slit shape is formed.

[0089] Like the case where the throttle passages 37
and 47 are provided, the high-pressure washing water
migrates from the upstream space 25a to the down-
stream space 25b through the throttle passages 38 and
48. In the case of the throttle passages 38 and 48, since
the end surfaces 54 of the ribs 31 and 41 are the tilted
surfaces open downward (toward the upstream space
25a), high-speed flow of the washing water flowing in
close proximity to heat transfer surfaces 20a and 20b of
the plate heater 20 can be formed. This can suppress
the washing water from getting stagnant in the vicinity of
heat transfer surfaces 20a and 20b, and hence improve
the heat transfer rate.

As described above, in the present embodiment, the
plate heater 20 is configured in such a manner that the
heat generation density is lower in the portion closer to
the water outlet 23b than in the portion closer to the water
inlet 23a. The passage space 25 has the upstream space
25a including the opening of the water inlet 23a, and the
downstream space 25b including the opening of the wa-
ter outlet 23b. Between the upstream space 25a and the
downstream space 25b, the throttle passages 37 and 47
having smaller flow passage cross-sectional areas than
another portion are provided. Because of these, the
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washing water which has flowed into the heat exchanger
10A through the water inlet 23a of the casing 23 is heated
while flowing through the passage space 25 defined by
the heat transfer surfaces of the plate heater 20, so that
the temperature of the washing water gradually increases
as the washing water is flowing toward the water outlet
23b.

[0090] In this case, the surface temperature of a por-
tion of the plate heater 20, which is closer to water inlet
23a, is going to rise due to the relatively high heat gen-
eration density, but a large amount of heat is taken away
from that portion by the washing water which has not
been heated yet and has a low temperature. Therefore,
the surface temperature does not rise up to a high tem-
perature at which local boiling will take place. In addition,
the washing water flowing from the upstream space 25a
toward the downstream space 25b increases its flow
speed by passing through the throttle passages 37 and
47.Because of this, particularly in the downstream space
25b, the rate of heat transfer from the plate heater 20 to
the washing water can be improved, a heat transfer rate
distribution can be optimized, and the air bubbles can be
guided quickly to the water outlet 23b. In the portion clos-
er to the water outlet 23b, since the washing water con-
tacting the surface of the plate heater 20 has already
been heated up to a high temperature, the amount of
heat taken away from that portion by the washing water
is lessened, assuming that the surface temperature of
the plate heater 20 is constant in that portion. However,
the plate heater 20 is configured in such a manner that
the heat generation density is lower in the portion closer
to the water outlet 23b than in the portion closer to the
water inlet 23a. Therefore, the surface temperature does
not rise up to a high temperature at which local boiling
will take place.

[0091] As described above, between the upstream
space 25a and the downstream space 25b, the throttle
passages 37 and 47 having smaller flow passage cross-
sectional areas than another portion are provided, and
the plate heater 20 is configured in such a manner that
the heat generation density is lowerinin the portion closer
to the water outlet 23b than that in the portion closer to
the water inlet 23a. Because of this, the heat transfer rate
can be improved, and the heat transfer rate distribution
can be optimized. In addition, it is possible to suppress
the temperature from rising up to a high temperature at
which local boiling will take place, on the surface of the
boundary between the washing water and the portion of
the plate heater 20 which is closer to water outlet 23b,
where the temperature of the washing water tends to be
high. As a result, generation of the air bubbles is sup-
pressed, and the generated air bubbles are guided quick-
ly to the water outlet 23b. In this way, it is possible to
prevent the scale from being generated and from adher-
ing to the plate heater 20. As a result, a heat exchanger
which has a longer life can be realized.
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(Embodiment 2)

[0092] Fig. 8 is a view showing another configuration
of the heat exchanger 10. Fig. 8(a) shows the heat ex-
changer 10 in a state where the second passage forming
member 22 is removed, when viewed from the base sur-
face 30a side of the first passage forming member 21,
and Fig. 6(b) shows an example of a flow of washing
water. As shownin Fig. 8(a), the heat exchanger 10 (10B)
has a rib 61 extending horizontally from a region closer
to the water inlet 23a. The rib 61 is bent at a position and
then extends vertically upward.

[0093] To be more specific, one end portion 61a of the
rib 61 in X-direction is located in the vicinity of a region
above the opening of the water inlet 23a at the passage
space side, and is in contact with the inner wall surface
of one end portion of the flange portion 32 in X-direction.
The rib 61 extends along X-direction from one end portion
61a in X-direction on the base surface 30a, while an op-
posite end portion 61b thereof in X-direction is located
apart a predetermined distance from the inner wall sur-
face of an opposite end portion of the flange portion 32
in X-direction. The rib 61 is bent at the opposite end por-
tion 61b and extends upward, and an upper end portion
61c of the rib 61 is in contact with the inner wall surface
of an upper portion of the flange portion 32. The rib 61
separates the passage space 25 into the upstream space
25a having a substantially-L shape and the downstream
space 25b of a rectangular shape.

[0094] The upstream space 25aincludes a space (hor-
izontal space) 62 defined by a portion between the end
portions 61a and 61b of the rib 61 and extending hori-
zontally, and a space (vertical space) 63 defined by a
portion between the end portions 61b and 61c of the rib
61 and extending

vertically, thereby forming the above substantially-L
shape. The second passage forming member 22 has a
rib symmetric with the rib 61.

[0095] Because of the presence of the rib 61, there is
provided a throttle passage (horizontal throttle passage
and vertical throttle passage) 65 having a smaller flow
passage cross-sectional area than the upstream space
25a and the downstream space 25b. By combining the
passage forming member 21, the passage forming mem-
ber 22, and the plate heater 20, a slit-shape horizontal
throttle passage 65a is provided between the portion be-
tween the end portions 61a and 61b of the rib 61 and the
first heat transfer surface 20a of the plate heater 20, and
a slit-shape vertical throttle passage 65b is provided be-
tween the portion between the end portions 61b and 61¢
of the rib 61 and the first heat transfer surface 20a of the
plate heater 20.

[0096] In the present embodiment, the rib 61 has a
constant height from the base surface 30a over the entire
length from the end portion 61a to the end portion 6 1 c,
and the base surface 30a and the first heat transfer sur-
face 20a are placed in parallel. Therefore, the horizontal
throttle passage 65a and the vertical throttle passage
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65b have substantially the same opening width.

[0097] As shown in Fig. 8(b), in the heat exchanger
10B including the throttle passage 65 configured as de-
scribed above, high-speed water flows from the horizon-
tal space 62 to the downstream space 25b through the
horizontal throttle passage 65a, and flows vertically up-
ward as described in Embodiment 1. Inthe heat exchang-
er 10B of the present embodiment, in addition, the high-
speed water flows from the vertical space 63 into the
downstream space 25b through the vertical throttle pas-
sage 65b, and then flows horizontally. Therefore, in the
downstream space 25b, vertically upward water flow and
horizontal water flow are mixed, and thereby disordered
water flow is generated. The disordered water flow caus-
es the washing water to be agitated. As a result, the heat
transfer rate can be improved. Like Embodiment 1, the
plate heater 20 is configured in such a manner that the
heat generation density is lower in the portion closer to
the water outlet 23b than in the portion closer to the water
inlet 23a, and the air bubbles can be discharged quickly
to outside through the water outlet 23b.

(Embodiment 3)

[0098] Fig. 9 is a view showing another configuration
of the heat exchanger 10. Fig. 9(a) shows the heat ex-
changer 10 in a state where the second passage forming
member 22 is removed, when viewed from the base sur-
face 30a side of the first passage forming member 21,
and Fig. 9(b) shows an example of a flow of washing
water. As shown in Fig. 9(a), the heat exchanger 10(10C)
includes the straight and horizontal rib 31 similar to that
described in Embodiment 1. In addition, inside the down-
stream space 25, a plurality of agitating walls 67 which
are corrugated in shape are provided.

[0099] To be more specific, the rib 31 protrudes from
the base surface 30a of the first passage forming member
21 so as to extend horizontally from the inner wall surface
of one end side of the flange portion 32 in X-direction to
the inner wall surface of an opposite end side of the flange
portion 32 in X-direction. Therefore, the rib 31 forms the
throttle passage 37 similar to that of Embodiment 1. The
agitating walls 67 extend from the rib 31 upward along
the base surface 30a. The agitating walls 67 extend up-
ward such that they are curved in a circular-arc shape
like a sine waveform having a specified amplitude in X-
direction. The plurality (six in the present embodiment)
of agitating walls 67 are arranged at substantially equal
intervals in X-direction.

[0100] The height of the agitating walls 67 from the
base surface 30a is substantially equal to or a little small-
er than the height of the rib 31. Adjacent two agitating
walls 67 are spaced apart from each other so as not to
overlap with each other when viewed from above along
Z-direction. In other words, between the adjacent two
agitating walls 67, there is a route through which the
washing water can migrate straightly from the lower side
to the upper side without migrating horizontally to avert
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the agitating walls 67.

[0101] Inaccordance with the heat exchanger 10C, as
shown in Fig. 9(b), the water which has flowed from the
throttle passage 37 at a high speed into the downstream
space 25b collides against the agitating walls 67 and is
agitated. This results in an improved heat transfer rate.
Even though the washing water is agitated by the agitat-
ingwalls 67, the air bubbles are allowed to migrate quickly
toward the water outlet 23b. That is, since the route
through which the washing water migrates straightly in
the upward and downward direction is formed between
the adjacent two agitating walls 67 as described above,
the air bubbles which are going to migrate upward by a
buoyancy force or the like, are less likely to be impeded
by the agitating walls 67, and therefore can migrate up-
ward quickly.

(Embodiment 4)

[0102] Fig. 10 shows another configuration of the heat
exchanger 10. Fig. 10(a) shows the heat exchanger 10
in a state where the second passage forming member
22 is removed, when viewed from the base surface 30a
side of the first passage forming member 21, and Fig. 10
(b) shows an example of a flow of washing water. As
shownin Fig. 10(a), the heatexchanger 10(10D) includes
the rib 61 of a substantially-L shape similar to that of
Embodiment 2, while inside the downstream space 25,
the agitating walls 67 similar to those of Embodiment 3
are provided.

[0103] Inaccordance with the heat exchanger 10D, as
shown in Fig. 10(b), the water flow migrating vertically
upward from the throttle passage 65a and the water flow
migrating horizontally from the throttle passage 65b
cause a disordered flow to be generated in the down-
stream space 25b. The disordered flow agitates the water
flow. In addition, the agitating walls 67 also agitate the
waterflow. Therefore, the heat transfer rate can be further
improved. The air bubbles are less likely to be impeded
by the agitating walls 67. Therefore, the air bubbles can
migrate upward quickly and can be discharged to outside
from the water outlet 23b.

(Embodiment 5)

[0104] Fig. 11 is a view showing another configuration
ofthe heatexchanger 10. Fig. 11(a) shows heat exchang-
er 10 in a state where the second passage forming mem-
ber 22 is removed, when viewed from the base surface
30a side of the first passage forming member 21. Fig. 11
(b) is a cross-sectional view of the heat exchanger 10
taken along B-B. Fig. 11(c) is a cross-sectional view of
the heat exchanger 10 taken along C-C. As shown in
Figs. 11(a), the heat exchanger 10(10E) of the present
embodiment has the same configuration in a larger part
as that of Embodiment 1, but includes a rib 71 which is
a little different from the rib 31 of Embodiment 1. There-
fore, the rib 71 will now be described in detail.
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[0105] As shown in Fig. 11(a), like the rib 31 of Em-
bodiment 1, one end portion 71a of the rib 71 in X-direc-
tion is located in the vicinity of a region above an opening
of the water inlet 23a at the passage space side, and is
in contact with the inner wall surface of one end portion
of the flange portion 32 in X-direction. The rib 71 extends
along X-direction from one end portion 71a in X-direction
on the base surface 30a, and an opposite end portion
71b thereof in X-direction is in contact with the inner wall
surface of an opposite end portion of the flange portion
32 in X-direction.

[0106] Therib 71 is provided with a plurality of remain-
ing portions 72 formed (left) by cutting portions of the rib
71 at a tip end portion thereof. These remaining portions
72 are, as shown in Fig.11 (a), arranged at substantially
equal intervals along the longitudinal direction of the rib
71. As shown in Fig. 11(c),

an end surface 74 of the tip end portion (end portion of
therib 71 inY-direction which is closer to the heat transfer
surface 20a of the plate heater 20) of the rib 71 is a tilted
surface open downward and the tip end portion of the rib
71 has a triangular shape in which the upper portion of
the tip end portion has a tip portion 75 protruding in an
acute angle form like the structure shown in Fig. 7(b).
The remaining portions 72 having a predetermined depth
are formed on the tip portion 75.

[0107] As a result of the above, as shown in Fig. 11
(b), between the rib 71 and the first heat transfer surface
20a (indicated by two-dotted line) of the plate heater 20,
a slit-shape throttle passage 78 having an opening width
D1 is formed. In addition, because of the presence of the
remaining portions 72, increased-width portions 78a hav-
ing an opening width D2 greater than the dimension D1
of a portion other than the increased-width portions 78a.
Although not shown, the second passage forming mem-
ber 22 is provided with the rib 71 having the above struc-
ture and being symmetric with the rib 71. The throttle
passage 78 having the above structure is formed be-
tween the rib 71 and the second heat transfer surface
20b of the plate heater 20.

[0108] In accordance with the heat exchanger 10E of
the present embodiment, the opening width of the throttle
passage 78 is not constant, but the throttle passage 78
has portions of the dimension D 1 and portions defined
by the increased-width portions 78a of the dimension D2
(>D1). Because of this structure, when the washing water
is flowing from the upstream space 25a to the down-
stream space 25b through the throttle passage 78, there
is a speed difference between the water flowing through
the increased-width portions 78a and the water flowing
through the portions other than the increased-width por-
tions 78a. As a result, the washing water is agitated by
a plurality of water flows with different speeds in the
downstream space 25b, thereby improving the heat
transfer rate.

[0109] Although the rib 71 has the tip portion 75 at the
upper portion of the tip end portion thereof like the rib 31
of Fig. 7(b), the present invention is not limited to this.
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For example, the remaining portions may be formed at
the tip portions of the lower portion of the tip end portion,
as shown in Fig. 7(a).

(Embodiment 6)

[0110] Fig. 12is a view showing another configuration
ofthe heatexchanger 10. Fig. 12(a) shows heat exchang-
er 10 in a state where the second passage forming mem-
ber 22 is removed, when viewed from the base surface
30a side of the first passage forming member 21. Fig. 12
(b) is a cross-sectional view of the heat exchanger 10
taken along B-B.

[0111] As shown in Fig. 12(a), the heat exchanger 10
(10F) has a configuration similar to that of the heat ex-
changer 10E having the rib 71 described in Embodiment
5 (Fig. 11). In addition, each of the first passage forming
member 21 and the second passage forming member
22 of the heat exchanger 10F is provided with a plurality
of buffer walls 81 arranged in the upward and downward
direction (in Z-direction) so as to extend horizontally (in
X-direction) in a region corresponding to the downstream
space 25b.

[0112] The buffer walls 81 of the first passage forming
member 21 protrude from the base surface 30a with a
dimension substantially equal to that of the rib 71, and
extends from one end portion of the flange portion 32 in
X-direction to an opposite end portion of the flange por-
tion 32 in X-direction like the rib 71. As shown in Fig. 12
(b), the downstream space 25b is separated into a plu-
rality of buffer spaces 82 (in the present embodiment,
three buffer spaces 82a - 82¢) by the buffer walls 81 such
that the buffer spaces 82a - 82c are arranged in the up-
ward and downward direction. The adjacent upper and
lower buffer spaces 82 communicate with each other only
through the slit-shape throttle passage 83 formed be-
tween the buffer wall 81 and the first transfer surface 20a
of the plate heater 20. The second passage forming
member 22 is provided with the buffer walls 81 having
the same structure.

[0113] The buffer walls 81 have a smaller height than
the rib 71.
[0114] Inaccordance with the heat exchanger 10F, the

washing water flows into the lowermost buffer space 82a
of the downstream space 25b through the throttle pas-
sage 78 formed by the rib 71, where the water flow is
disordered and agitated. Since the buffer wall 81 is lo-
cated relatively closer to the rib 71, the water flow with a
relatively high speed which has passed through the throt-
tle passage 78 collide with the buffer wall 81, thereby
promoting generation of a disturbed flow in the buffer
space 82a.

[0115] Then, the washing water flows from the buffer
space 82a into the buffer space 82b located above and
adjacent to the buffer space 82a, while increasing its
speed by passing through the narrower throttle passage
83. Since the water flow contacts the first heat transfer
surface 20a of the plate heater 20 at a higher speed, the
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rate of heat transfer from the first heat transfer surface
20a to the washing water can be improved. Furthermore,
since generation of a disordered flow in the buffer space
82b is promoted by the fact that the high-speed water
flow collides against the buffer wall 81 located next, the
heat transfer rate can also be improved. Thereafter, in
the same manner, similar phenomenon occurs and the
heat transfer rate can be improved in the buffer space
82c.

[0116] Since the buffer walls 81 have a smaller height
than the rib 71 as described above, the generated air
bubbles can be discharged in an upward direction.

(Embodiment 7)

[0117] Fig. 13 is a view showing another configuration
of the heat exchanger 10. Fig. 13(a) shows the heat ex-
changer 10 in a state where the second passage forming
member 22 is removed, when viewed from the base sur-
face 30a side of the first passage forming member 21.
Fig. 13(b) is a cross-sectional view of the heat exchanger
10 taken along B-B. As shown in Fig. 13(a), the heat
exchanger 10 (10G) has a configuration similar to that of
the heat exchanger 10 (10F) described in Embodiment
6 (Fig. 12), and is configured in such a manner that the
buffer walls 81 is provided with remaining portions 88
formed by cutting portions of the buffer walls 81 at suit-
able locations.

[0118] To be more specific, as shown in Fig. 13(a), the
heat exchanger 10G according to the present embodi-
ment includes three buffer walls 81 (81a ~ 81c) arranged
in the upward and downward direction. The buffer walls
81a~81care provided with remaining portions 88 formed
(left) by cutting portions of the buffer walls 81a~ 81c such
that the remaining portions 88 are different in position
between adjacent upper and lower buffer walls 81a and
81b when viewed from above (when viewed in Z-direc-
tion), and between adjacent upper and lower buffer walls
81b and 81c when viewed from above.

[0119] To be specific, the lowermost buffer wall 81 a
is provided with one remaining portion 88 in the vicinity
of a center portion in the longitudinal direction thereof (X-
direction). The buffer wall 81b located above the buffer
wall 81 a is provided with remaining portions 88 at two
positions which are in the vicinity of one end portion there-
of in the longitudinal direction and in the vicinity of an
opposite end portion thereof in the longitudinal direction.
The buffer wall 81c located above the buffer wall 81b is
provided with one remaining portion 88 in the vicinity of
acenter portion in the longitudinal direction, like the buffer
wall 81a. The above illustrated number and positions of
the remaining portions 88 are exemplary, but the remain-
ing portions 88 may be provided at positions different
from those as described above so long as they do not
overlap with each other between the adjacent upper and
lower buffer walls 81 as viewed above. In addition, the
cut portion depth and cut portion length of the remaining
portions 88 are not particularly limited.
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[0120] In accordance with the heat exchanger 10G as
described above, in the buffer spaces 82a- 82c, there
are generated a flow of the washing water which is mi-
grating upward through the narrower portions of the throt-
tle passage 78 which are not provided with the remaining
portions 88 and a flow of the washing water which is
migrating horizontally toward the remaining portions 88
to flow through the increased-width portions defined by
the remaining portions 88. Since the vertically upward
water flow and the horizontal water flow are mixed, gen-
eration of a disordered flow in the downstream space 25b
is promoted. As a result, the rate of heat transfer from
the plate heater 20 to the washing water can be improved.
[0121] To quickly guide the air bubbles generated in
the passage space 25 toward the water outlet 23b, a
ceiling surface defining the downstream space 25b may
be a tilted surface. Fig. 14 is a view showing a modified
example of the heat exchanger 10A of Embodiment 1,
and showing the heat exchanger 10A in a state where
the second passage forming member 22 and the plate
heater 20 are removed, when viewed from the base sur-
face 30a side of the first passage forming member 21.
[0122] As shown in Fig. 14, the ceiling surface (in this
modified example, inner upper surface of the first pas-
sage forming member 21) defining the downstream
space 25b is formed as a tiled surface which is lower as
it is away from the region in the vicinity of the water outlet
23b. In such a configuration, the air bubbles migrating
upward due to the flow of the washing water or a buoy-
ancy force in the downstream space 25b are guided
smoothly toward the water outlet 23b along the tilted ceil-
ing surface 21a. This makes it possible to discharge the
air bubbles in the downstream space 25b quickly through
the water outlet 23b. The tilted ceiling surface 21s may
be applied to heat exchangers 10H ~ 10J described be-
low and the above described heat exchangers 10B ~
10G, as well as the heat exchanger 10A of Embodiment
1.

[Configuration in which a bypass passage is provid-
ed]

[0123] Next, a description will be given of heat ex-
changers of Embodiments 8 ~ 11, each of which includes,
in a passage space, a sinuous passage extending from
the water inlet to the water outlet, the sinuous passage
having a passage for guiding the washing water in one
direction in a horizontal direction and a passage for guid-
ing the washing water in an opposite direction in the hor-
izontal direction such that they are arranged alternately
from the lower side to the upper side, and bypass pas-
sages each of which is provided in the upward and down-
ward direction and allows adjacent upper and lower pas-
sages in the sinuous passage to communicate with each
other. Note that any one of the heat exchangers 10 of
these embodiments may be incorporated into the sani-
tary washing device 1 of Fig. 1 as the heat exchanger
10. A plate heater 120 included in each heat exchanger
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10 described below has a configuration similar to that of
the plate heater 20 (especially configuration of the pattern
20p of the resistive element) described with reference to
Figs. 4 and 5.

(Embodiment 8)
[Heat exchanger]

[0124] Fig. 15 is a view showing a configuration of a
heat exchanger 10(10H). Fig. 15(a) is a front view show-
ing a configuration of an external appearance of the heat
exchanger 10. Fig. 15(b) is a cross-sectional view of the
heat exchanger 10 taken along B-B. As shown in Figs.
15(a) and 15(b), in its external appearance, the heat ex-
changer 10H has a small thickness and a rectangular
plate shape when viewed from the front. As shown in Fig.
15(b), the heat exchanger 10H includes a rectangular
plate heater 120, a first passage forming member 121
disposed to face one surface (first heat transfer surface)
120a, a second passage forming member 122 disposed
to face an opposite surface (second heat transfer sur-
face) 120b, and a casing 123 accommodating, the plate
heater 120, the first passage forming member 121 and
the second passage forming member 122, and having a
waterinlet 123a and a water outlet 123b. The plate heater
120 is made of ceramic, while the first passage forming
member 121 and the second passage forming member
122, are made of reinforced ABS resin formed by com-
pounding glass fiber into ABS resin.

[0125] Hereinafter, a description will be given of a state
where the heat exchanger 10H is placed to be oriented
vertically such that the heat transfer surfaces of the plate
heater 120 are parallel to the vertical direction, except
for cases specially noted. As shown in Fig. 15, the vertical
direction is Z-direction, a direction perpendicular to Z-
direction and parallel to the heat transfer surfaces of the
plate heater 20 is X-direction, and a direction (direction
perpendicular to the first heat transfer surface 120a) per-
pendicular to X-direction and Z-direction is Y-direction.
[0126] AsshowninFig. 15(b), the first passage forming
member 121 includes a base portion 130 of a rectangular
plate shape which faces the first heat transfer surface
120a, and a plurality of wall portions (ribs) 131 protruding
from a surface (base surface) 130a of the base portion
130 which faces the first heat transfer surface 120a. Like-
wise, the second passage forming member 122 includes
a base portion 140 of a rectangular plate shape which
faces the second heat transfer surface 120b, and a plu-
rality of wall portions (ribs) 141 protruding from a surface
(base surface) 140a of the base portion 140 which faces
the second heat transfer surface 120b.

[0127] A wall-like flange portion 132 is provided to ex-
tend along the peripheral edge portion of the base portion
130 of the first passage forming member 121. The flange
portion 132 extends a predetermined dimension toward
the second passage forming member 122. An engage-
ment groove 133 is formed at the tip end portion of the



31 EP 2 476 969 A1 32

flange portion 132 so as to extend along the flange portion
132. A wall-like flange portion 142 is provided to extend
along the peripheral edge portion of the base portion 140
of the second passage forming member 122. The flange
portion 142 is extended by a predetermined dimension
in a direction away from the first passage forming mem-
ber 121. The tip end portion of the flange portion 142 is
turned back toward the first passage forming member
121. An engagement projection 143 is formed at the end
portion of the flange portion 142 so as to extend along
the flange portion 142.

[0128] The first passage forming member 121 is ex-
ternally fitted to the second passage forming member
122 such that the base surface 130a faces the base sur-
face 140a. To be more specific, the flange portion 132
of the first passage forming member 121 is externally
fitted to the flange portion 142 of the second passage
forming member 122, and the engagement projection
143 of the second passage forming member 122 is fitted
into the engagement groove 133 of the first passage
forming member 121 (e.g., the engagement projection
143 is secured to the engagement groove 133 by ultra-
sonic fusion-bonding.) This allows the first passage form-
ing member 121 and the second passage forming mem-
ber 122 to be joined in a sealed state, thereby forming a
passage space 125.

[0129] As shown in Fig. 5(a), the water inlet 123a is
provided at the lower portion of one end portion of the
casing 123 in X-direction, while the water outlet 123b is
provided at the upper portion of one end portion of the
casing 123 in X-direction. As shown in Fig. 15(b), the
water inlet 123a and the water outlet 123b communicate
with the passage space 125.

[0130] Fig. 16isanexploded view of the heat exchang-
er 10H. Fig. 16(a) shows the heat exchanger 10H in a
state where the second passage forming member 122
and the plate heater 120 are removed, when viewed from
the base surface 130a side of the first passage forming
member 121, and Fig. 16(b) shows the second passage
forming member 122 when viewed from the base surface
140a side thereof. As shown in Fig. 16(a), a plurality of
(in the present embodiment, seven) wall portions (ribs)
131 (131a~ 131g) are arranged in the upward and down-
ward direction (in Z-direction) extending substantially
horizontally (in X-direction) on the base surface 130a of
the base portion 130 of the first passage forming member
121.

[0131] Among the wall portions (ribs) 131a~ 131g, the
wall portions (ribs) 131a, 131c, and 131e which are in
odd-numbered orders from the bottom are each config-
ured in such a manner that one end portion (one end
portion in X-direction) in the longitudinal direction thereof
is in contact with the inner wall surface of the flange por-
tion 132 and an opposite end portion in the longitudinal
direction is apart a predetermined dimension from the
inner wall surface of the flange portion 132. The wall por-
tions 131b, 131d, and 131 f which are in even-numbered
orders from the bottom are each configured in such a
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manner that one end portion in the longitudinal direction
(one end portion in X-direction) is apart from the inner
wall surface of the flange portion 132 and an opposite
end portion thereof in the longitudinal direction is in con-
tact with the inner wall surface of the flange portion 132.
In the passage space 125, a sinuous passage 135 is
defined by the wall portions (ribs) 131a ~ 131g.

[0132] To be more specific, a passage 135a defined
by the lower portion of the flange portion 132 as its lower
side and the lowermost wall portion (rib) 131 a as its
upper side serves to guide the washing water in a direc-
tion from one side in X-direction where the water inlet
123a is located, toward an opposite side in X-direction.
The washing water reaches the downstream end of the
passage 135a and then its flow is turned back at the
downstream end. The washing water is guided from the
opposite side in X-direction to one side in X-direction
through a passage 135b defined by the wall portion (rib)
131a as its lower side and the wall portion (rib) 131b as
its upper side, which is located above the wall portion
131a. After that, in the same manner, the washing water
is turned back and guided in the opposite direction, along
the passages 135¢c~ 135h, and finally to the water outlet
123b. The sinuous passage 135 is constituted by the
passages 135a - 135h (see Fig. 19 as described later).
[0133] As shown in Fig. 16(b), the wall portions (ribs)
141 of the second passage forming member 122 have
the same structure as aforesaid wall portions (ribs) 131
of the first passage forming member 121, except that the
wall portions (ribs) 141 are symmetric with the wall por-
tions (ribs) 131, and they will not be described in detail.
In a similar manner, the wall portions 141 form a sinuous
passage 145 extending from the water inlet 123a to the
water outlet 123b. The plate heater 120 having a sub-
stantially constant width and a rectangular shape is sand-
wiched between the first passage forming member 121
and the second passage forming member 122 (see the
plate heater 20 in Figs. 4 and 5).

[0134] Fig. 17 is a cross-sectional view of the heat ex-
changer 10 taken along XVII-XVIl of Fig. 16(a). As shown
in Fig. 17, the wall portion (rib) 131 has a structure in
which alongitudinal dimension (dimension in X-direction)
is L1, and a height H1 from the base surface 130a along
the longitudinal direction is substantially constant. Note
that a remaining portion 136 having an opening dimen-
sion (dimension in X-direction) L2 and a depth H2 is
formed at a portion (in the present embodiment, center
portion) in the longitudinal direction.

[0135] Fig. 18 is a view showing a structure of the wall
portion (rib portion) 131 and the remaining portion 136.
Fig. 18(a) is an enlarged view of a portion XVllla in Fig.
17, to show the remaining portion 136 taken along Z-
direction. Fig. 18(b) is an enlarged view of a portion XVIlIb
in Fig. 15, to show the remaining portion 136 taken along
X-direction. As shown in Fig. 18(a), the remaining portion
136 has a shape in which the tip end portion of the wall
portion (rib) 131 is cut in a rectangular shape, and is
dented with respect to another portion of the wall portion
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(rib) 131. A deepest portion 136a of the remaining portion
136 is substantially parallel to the upper end of the wall
portion (rib) 131. Inthe heat exchanger 10H of the present
embodiment, an opening dimension L2 of the remaining
portion 136 is set to satisfy the following formula (1) with
respect to the length L1 of the wall portion (rib) 131:

1/2 = (L2/L1) = 1/5 ... (1).

For example, L2 = 20mm.

[0136] As shown in the cross-sectional view of Fig. 18
(b), the tip end surface of the wall portion (rib) 131 is not
parallel to the surface (first heat transfer surface 120a)
of the plate heater 120, but is a tilted surface having a
predetermined angle A. The tip end portion of the wall
portion (rib) 131 has a triangular shape in which its lower
portion forms a tip portion 137 having an acute angle
shape in cross-section. The remaining portion 136 is
formed in the tip portion 137. The remaining portion 136
constitutes the bypass passage 138 which allows com-
munication between a lower passage defined by the wall
portion (rib) 131 and an upper passage defined by the
wall portion (rib) 131.

[0137] Asshownin Fig. 18(b), in a state where the first
passage forming member 121 and the second passage
forming member 122 are disposed to sandwich the plate
heater 120, a portion of the tip end portion other than the
remaining portion 136 in the wall portion (rib) 131 is a
dimension H3 apart from the first heat transfer surface
120a of the plate heater 120. In the heat exchanger 10H
of the present embodiment, the dimension H3 is set to
satisfy the following formula (2), with respect to a dimen-
sion H4 from the base surface 130a of the first passage
forming member 121 to the first heat transfer surface
120a :

1/4 = (H3/H4)

v

/10 ...

i

~
N’

For example, H3 = 0.2mm, and H4 = 1.9mm.

[0138] Thewall portion (rib) 141 of the second passage
forming member 122 has the same cross-sectional
shape as that of the wall portion (rib) 131 and is set to
satisfy the formula (2). And, the wall portion (rib) 141 is
provided with a remaining portion 146 having a depth H2
(see Fig. 18(b)). The remaining portion 146 forms a by-
pass passage 148 which allows communication between
adjacent upper and lower passages sandwiching the wall
portion (rib) 131.

[0139] By setting (L2/L1) to (1/2) or less in the formula
(1), it is possible to more easily and sufficiently ensure
water (water amount) flowing from upstream to down-
stream through the sinuous passage 135 (or sinuous
passage 145) than water (water amount) flowing from
upstream to downstream through the bypass passage
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138 (or bypass passage 148). This allows the heat ex-
changer 10H to perform its original heat exchange func-
tion well.

[0140] By setting (L2/L1)to (1/5) or more in the formula
(1), the flow passage cross-sectional area of the bypass
passage 138 (orbypass passage 148) is more sufficiently
ensured relative to the sinuous passage 135 (or sinuous
passage 145). This allows the air bubbles to be guided
to the water outlet 123b and discharged to outside more
easily and surely through the bypass passage 138 (or
bypass passage 148).

[0141] By setting (H3/H4) to (1/4) or less in the formula
(2) described above, it is possible to more easily and
sufficiently ensure water (water amount) flowing from up-
stream to downstream through the passage 135a located
at mostupstream side of the sinuous passage 135 (or a
passage which is located at mostupstream side of the
sinuous passage 145 and is plane-symmetric with re-
spect to the passage 135a, and hereinafter this passage
is referred to as "passage 145a"), rather than water (wa-
ter amount) flowing out into a space between the wall
portion (rib) 131 (or 141) and the firstheat transfer surface
120a (or second heat transfer surface 120b). Since water
(water amount) flowing from upstream to downstream
through the passage 135a located at mostupstream side
ofthe sinuous passage 135 (or the passage 145alocated
at mostupstream side of the sinuous passage 145) can
be ensured more easily and sufficiently, water (water
amount) flowing from upstream to downstream through
the sinuous passage 135 (or sinuous passage 145) can
be ensured more easily and efficiently. This allows the
heat exchanger 10H to performits original heat exchange
function better.

[0142] By setting (H3/H4) to (1/10) or more in the for-
mula (2), a wider space is provided between the wall
portion (rib) 131 (or 141) and the firstheat transfer surface
120a (or second heat transfer surface 120b). This makes
it possible to easily and surely prevent thermal effect
(thermal dissolution, thermal deformation, etc.,) from the
first heat transfer surface 120a (or second heat transfer
surface 120b) to the wall portion (rib) 131 (or 141).
[0143] As shown in Fig. 18(b), the lower end portion
of the plate heater 120 is apart from the lower inner wall
surface of the flange portion 132 of the first passage form-
ing member 121. Therefore, a space below the lower end
portion of the plate heater 120 is a common space (up-
stream common space) 125a for the sinuous passage
135 atthe first heat transfer surface 120a side of the plate
heater 120 and the sinuous passage 145 side of the sec-
ond heat transfer surface 120b side of the plate heater
120. The washing water which has flowed into the pas-
sage space 125 through the water inlet 123a is divided
to flow to the sinuous passages 135 and 145 through the
upstream common space 125a. Likewise, as shown in
Fig. 15(b), the upper end portion of the plate heater 120
is apart from the upper inner wall surface of the flange
portion 132 of the first passage forming member 121. A
space above the upper end portion of the plate heater
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120 is a common space (downstream common space)
125b for the sinuous passages 135 and 145. Therefore,
the washing water flowing through the sinuous passage
135 and the washing water flowing through the sinuous
passage 145 are joined together in the downstream com-
mon space 125b, and the resulting washing water flows
toward the water outlet 123b.

[0144] Fig. 19is aview showing the flow of the washing
water and the flow of the air bubbles in the heat exchanger
10H configured as described above. Like the configura-
tion shown in Fig. 16(a), the flow of the washing water
and the flow of the air bubbles are viewed from the per-
spective of the base surface 130a side of the first passage
forming member 121. As shown in Fig. 19, a most part
of the washing water with a low temperature (e.g., 5 de-
grees C) which has flowed into the heat exchanger 10H
through the water inlet 123a flows upward along the sin-
uous passage 135 (and sinuous passage 145) such that
its flow direction is inverted from one direction in X-direc-
tion to an opposite direction in X-direction or from the
opposite direction to the one direction in the order of the
passages 135a - 135h (see solid-line arrows in Fig. 19).
When the washing water is flowing through the passages
135a to 135h, the temperature of the washing water is
raised up to a suitable temperature (e.g., 40 degrees C)
by heat transfer from the plate heater 120, and then is
discharged to outside through the water outlet 123b. The
washing water, the temperature of which has beenraised
in this way, is ejected in a shower form to the private part
of the human body through the nozzle of the washing
unit as described above.

[0145] Hereinafter, a description will be given of the
operation and action of the heat exchanger configured
as described above. The washing water flowing into the
heat exchanger 10H through the water inlet 123a of the
casing 123 is heated while flowing through the passage
135 defined by the heat transfer surface of the plate heat-
er 120. The temperature of the washing water gradually
increases as it is getting closer to the water outlet 123b.
The surface temperature of the portion of the plate heater
120 which is closer to water inlet 123a is going to rise
due to a relatively high heat generation density. But, a
large amount of heat is taken away from that portion by
the washing water which has not been heated yet. There-
fore, the surface temperature of the plate heater 120 does
not rise up to a high temperature at which local boiling
will take place.

[0146] In a portion of the heat exchanger 10H which
is closer to water outlet 123b, the washing water is in a
higher-temperature condition than the washing water in
a portion of the heat exchanger 10H which is closer to
the water inlet 123a. Therefore, heat taken away by the
washing water from the surface of the plate heater 120
corresponding to this portion is lessened. But, the plate
heater 120 is configured in such a manner that the heat
generation density is lower in the portion closer to the
water outlet 123b than in the portion closer to water inlet
123a, and the temperature of that portion does not rise
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up to a high temperature at which local boiling will take
place.

[0147] Since the plate heater 120 is configured in such
a manner that the heat generation density is lower in the
portion closer to the water outlet 123b than in the portion
closer to water inlet 123a, its temperature is suppressed
from rising up to a high temperature at which local boiling
will take place, on the surface of the boundary between
the plate heater 120 and the water in the portion of the
plate heater 120 which is closer to water outlet 123b
where the temperature of the washing water tends to be
higher. As a result, formation and adhesion of the scale
can be prevented, and a heat exchanger having a longer
life can be realized.

[0148] In accordance with the heat exchanger 10H of
the present embodiment, heat exchange is performed in
such a manner that heat of the plate heater 120 is trans-
ferred to the washing water flowing while contacting the
obverse and reverse heat transfer surfaces of the plate
heater 120, and a heat efficiency is high without a sub-
stantial heat release loss. Therefore, the heat exchanger
10H can be small-sized. In addition, the sinuous passage
135 and the sinuous passage 145 can increase the pas-
sage length and increase the flow speed. Therefore, in
the washing water flowing through the sinuous passage
135 and 145, a boundary layer to which heat is substan-
tially transferred from the surface of the plate heater 120
is thinned. Because of this, the heat transfer rate can be
improved, and the temperature of the surface of the heat-
eris suppressed from rising. As a result, local boiling can
be suppressed, and formation and adhesion of the scale
can be prevented more effectively.

[0149] Asdescribed above, the plate heater 120 of the
present embodiment is configured in such a manner that
the heat generation density is lower in the portion closer
to the water outlet 123b than in the portion closer to the
water inlet 123a. In such a configuration, the heat ex-
changer 10H of the present invention can achieve the
same advantages as those described in Embodiment 1.
[0150] In the heat exchanger 10H of the present em-
bodiment, the sinuous passage 135 (or sinuous passage
145) is defined by the plurality of wall portions 131 ar-
ranged vertically to extend substantially horizontally. The
sinuous passage 135 (or sinuous passage 145) is con-
figured in such a manner that the passage 135a for guid-
ing the washing water in one direction in the substantially
horizontal direction and the passage 135b for guiding the
washing water in the opposite direction in the substan-
tially horizontal direction are arranged alternately from
the lower side to the upper side, in a range from the water
inlet 123a to the water outlet 123b. Furthermore, in an
intermediate portion of each wall portion 131 in the lon-
gitudinal direction, the bypass passage 138 (or bypass
passage 148) is provided in the upward and downward
direction to allow communication between adjacent up-
per and lower passages 135. This allows the washing
water to flow at a high speed, which can improve the heat
transfer rate. In addition, the air bubbles can be guided
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quickly to the water outlet 123b through the bypass pas-
sages 138 (or bypass passages 148) provided in the up-
ward and downward direction at the sinuous passages
135 (or sinuous passages 145).

[0151] Since the heat exchanger 10H is provided with
the sinuous passages 135 to have smaller flow passage
cross-sectional areas, the flow speed of the washing wa-
ter can be made high and uniform. Since the plate heater
120 is configured in such a manner that the heat gener-
ation density is lower in the portion closer to the water
outlet 123b than in the portion closer to the water inlet
123a, the temperature is suppressed from rising up to a
high-temperature at which local boiling will take place,
and the generation of the air bubbles is suppressed. Even
if the air bubbles are generated, the generated air bub-
bles can migrate quickly to the water outlet 123b through
the bypass passages 138 (or bypass passages 148) with
a passage length shorter than the overall passage length
of the sinuous passage 135, the bypass passages 138,
148 being provided in the upward and downward direc-
tion on the sinuous passage 135, 145 having a long pas-
sage length for guiding the washing water from the water
inlet 123a to the water outlet 123b, to allow the air bubbles
to take a short cut.

[0152] As aresult, a passage resistance at one of the
heat transfer surface sides (120a or 120b) of the plate
heater 120 can be prevented from becoming much higher
than that at the other heat transfer surface side (120a or
120b), or only the temperature at the heat transfer surface
(120a or 120b) of the plate heater 120 from increasing
significantly, which would be caused by the air bubbles.
Thus, the local boiling which would lead to formation and
adhesion of the scale can be further suppressed. Since
the air bubbles generated on the surface of the plate heat-
er 120 are guided quickly to the water outlet 123b through
the bypass passages 138 (or the bypass passages 148),
the air bubbles can be suppressed from growing to a
great size. As a result, a problem that the operation of a
thermistor provided in the vicinity of the water outlet 123b
isimpeded by the air bubbles of a great size, will not arise.
[0153] In the heat exchanger 10H of the present em-
bodiment, the sinuous passage 135 at the heat transfer
surface 120a side of the plate heater 120 and the sinuous
passage 136 at the heat transfer surface 120b side of
the plate heater 120 are symmetric, and the bypass pas-
sage 138 at the heat transfer surface 120a side of the
plate heater 120 and the bypass passage 148 at the heat
transfer surface 120b side of the plate heater 120 are
symmetric. This allows a balance of a heat transfer
amount between the obverse and reverse heat transfer
surfaces of the plate heater 120 to be suitably be main-
tained As a result, deformation of the plate heater 120
due to a thermal stress can be prevented.

[0154] In the heat exchanger 10H of the present em-
bodiment, the bypass passages 138 provided on the plu-
rality of wall portions 131 arranged in the upward and
downward direction substantially conform in position to
each other when viewed from above. In the same man-
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ner, the bypass passages 148 provided on the plurality
of wall portions 141 arranged in the upward and down-
ward direction substantially conform in position to each
other when viewed from above. This allows the air bub-
bles to migrate straightly upward through the bypass pas-
sages 138 and 148 and reach the water outlet quickly.
[0155] Since the washing water is heated by the plate
heater 120, gaseous component dissolved into the wash-
ing water may vaporize to generate air bubbles, in some
cases. The flow (see while arrows in Fig. 19) of the air
bubbles will be discussed. For example, the air bubbles
generated in the passage 135a of the sinuous passage
135 flows through the passage 135a along with the wash-
ing water. However, a buoyancy force acts on the air
bubbles and causes them to migrate upward. Therefore,
before reaching the downstream end of the passage
135a, the air bubbles take a short cut to its upper adjacent
passage 135b through the bypass passage 138 defined
by the remaining portion 136 formed on the wall portion
(rib) 131a. Then, the air bubbles migrate to the uppermost
passage 135h through the bypass passages 138 defined
by the remaining portions 136 of the wall portions (ribs)
131b ~ 1314, respectively. Then, the air bubbles migrate
along with the washing water in the passage 135h, and
are discharged to outside through the water outlet 123b.
In the same manner, the air bubbles generated in the
passages 135b ~ 135g other than the passage 135a mi-
grate to the corresponding upper passages through the
bypass passages 138. In the same manner, the air bub-
bles generated in the sinuous passage 145 take a short
cut and migrate upward through the bypass passages
148.

[0156] In accordance with the heat exchanger 10H as
described above, the air bubbles generated inside the
heat exchanger 10H can be guided quickly to the water
outlet 123b and discharged to outside.

(Embodiment 9)

[0157] Fig. 20 is an enlarged view of a remaining por-
tion taken along Z-direction, to show another configura-
tion of a remaining portion formed (left) by cutting a por-
tion of a rib. Fig. 20(a) is an enlarged view showing a
remaining portion having a tapered deepest portion. Fig.
20(b) is an enlarged view showing a remaining portion
having a circular-arc deepest portion. Fig. 20(c) is an
enlarged view showing a remaining portion having a
deepest portion defined by a tilted surface.

[0158] Asshownin Fig. 20(a), a remaining portion 150
of Fig. 20(a) has a cut portion width (dimension in X-
direction) which decreases as a cut portion depth (dimen-
sion in Y-direction) from the tip end of the wall portion
(rib) 131 increases. When viewed from above along the
Z-direction, the deepest portion 151 has atapered shape.
In other words, when viewed from above, the remaining
portion 150 has the deepest portion 151 which is lower
in level than the tip end portion of the wall portion (rib)
131. The deepest portion 151 has a tilted profile such
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that a depth of a substantially center portion in X-direction
is greatest.

[0159] Asshownin Fig. 20(b), a remaining portion 153
has a deepest portion 154 of a circular-arc shape when
viewed from above such that a cut portion depth (dimen-
sion in Y-direction) in a center portion of a cut portion
width (dimension in X-direction) is greater.

[0160] As shownin Fig.20(c), a remaining portion 156
has a deepest portion 157 defined by a tilted surface such
that a cut portion depth increases in a direction from an
upstream end portion 157a toward a downstream end
portion 157b in a flow direction of the washing water.
[0161] If bypass passages are formed by using the re-
maining portions 150, 153, and 156, air bubbles with a
relatively great diameter, as well as air bubbles with a
small diameter, can pass through the deepest portions
151, 154, and 157. When using the remaining portion
156 having the cut portion depth which increases toward
downstream end in the flow direction, the air bubbles
migrating along with the washing water can be surely
captured by the portion having the greater cut portion
depth, and are allowed to take a short cut to the upper
passage through the remaining portion 156.

(Embodiment 10)

[0162] Fig. 21 is a view showing another configuration
of the heat exchanger, and showing a configuration of
the heat exchanger when viewed from the base surface
130a side of the first passage forming member 121. In
the heatexchanger 10 (101) shownin Fig. 21, an opening
dimension L2 of the remaining portion 136 is made dif-
ferent among wall portions (ribs) 131a ~ 131g. To be
more specific, the remaining portion 136 of the wall por-
tion (rib) 131 a located at the lowermost side has a small-
est opening dimension L2. The opening dimension L2 of
the remaining portion 136 is increased in the order of the
wall portions (ribs) 131b ~ 131f, and the remaining portion
136 of the wall portion (rib) 131 g located atthe uppermost
side has a greatest opening dimension L2. The other
configuration is identical to that of the heat exchanger
10H of Embodiment 9, and will not be described in rep-
etition.

[0163] Inaccordance with the heatexchanger 101 hav-
ing such a configuration, the flow speed of the washing
water flowing along the sinuous passage 135 and 145
can be increased, and a heat transfer property or a car-
rying efficiency of the air bubbles can be improved. To
be specific, in some occasions, the washing water as
well as the air bubbles take a short cut through the bypass
passages 138 and 148 defined by the remaining portions
136. Since the temperature of the washing water has not
been raised adequately in the vicinity of the water inlet
123a, the air bubbles generated are less in the vicinity
of the waterinlet 123a. Therefore, the opening dimension
L2 of the remaining portion 136 formed on the wall portion
(rib portion) 131 defining the passage located at the rel-
atively lower side where the air bubbles generated are

10

15

20

25

30

35

40

45

50

55

21

40

less is set smaller. This suppresses the washing water
from passing through the remaining portion 136, and im-
proves the flow speed of the washing water. The wall
portion (rib) 131 defining the passage located at relatively
upper side where the air bubbles are more likely to be
generated, have arelatively great opening dimension L2.
This allows the generated air bubbles to surely take a
short cut to the upper passage.

[0164] Although in the example shown in Fig. 21, the
opening dimension L2 is made different between the re-
maining portions 136 provided on all of the wall portions
(ribs)131, the present invention is not limited to this. For
example, the opening dimension L2 of the remaining por-
tions 136 of the two wall portions (ribs) 131a and 131b
located at the lower side is set to a smallest and equal
value, the opening dimension L2 of the remaining por-
tions 136 of the two wall portions (ribs) 131f and 131g
located at the upper side is set to a greatest and equal
value, and the opening dimension L2 of the remaining
portions 136 of the three wall portions (ribs) 131c ~ 131e
located at the middle is set to a predetermined equal
value (predetermined value between the smallest value
and the greatest value). In brief, other setting may be
made so long as the opening dimension L2 of the remain-
ing portion 136 of the uppermost wall portion (rib) 131g
is greater than the opening dimension L2 of the remaining
portion 136 of the lowermost wall portion (rib) 131a, and
the opening dimension L2 of the remaining portion 136
of the wall portion (rib) 131 located at the upper side is
not smaller than the opening dimension L2 of the remain-
ing portion 136 of the wall portion (rib portion) 131 located
at the lower side, regarding the wall portions (ribs) 131b
~ 131flocated between the wall portions (ribs) 131a and
131g.

(Embodiment 11)

[0165] Fig. 22 is a view showing another configuration
of the heat exchanger, and showing a configuration of
the heat exchanger when viewed from the base surface
130a side of the first passage forming member 121. As
shown in Fig. 22, in the heat exchanger 10(10J), the re-
maining portions 136 are formed on a part of the wall
portions (ribs) 131 located at the upper side (upper two
wall portions (ribs) 131f, 131g), while the remaining por-
tions 136 are not formed on the other wall portions (ribs)
131 (131a ~ 131e).

[0166] Inaccordance with the heatexchanger 10J hav-
ing such a configuration, in the passage located at the
lower side where the air bubbles are less likely to be
generated, the flow speed of the washing water is im-
proved while preventing the washing water from migrat-
ing through the remaining portion 136, while the air bub-
bles generated in the upper passage where the temper-
ature of the washing water tends to be higher can migrate
upward through the remaining portion 136, and can be
discharged quickly to outside through the water outlet
123b.



41 EP 2 476 969 A1 42

[0167] The wall portions (ribs) 131 on which the re-
maining portions 136 are formed are not limited to an
example shownin Fig. 22, in which the remaining portions
136 are formed on the two wall portions (ribs) 131. The
number of wall portions (ribs) 131 provided with the re-
maining portions 136 may be suitably set depending on
the degree to which the air bubbles are generated in the
passages, the flow speed of the washing water, etc.. That
is, the remaining portion 136 may be formed on only the
uppermost wall portion 131g, the upper three wall por-
tions (ribs) 131e ~ 131g, or more wall portions (ribs) 131.

Industrial Applicability

[0168] The present invention is applicable to a plate
type heat exchanger having a longer life which can sup-
press formation and adhesion of scale and guide gener-
ated air bubbles quickly to a water outlet while improving
a heat transfer rate.

Reference Signs Lists
[0169]

1 sanitary washing device

10, 10A ~ 10J heat exchanger

20, 120 plate heater

20a, 120a first heat transfer surface

20b, 120b second heat transfer surface
20h heater line interval

20k ceramic base body

20p pattern

20s heater line width

21, 121 first passage forming member
22, 122 second passage forming member
23, 123 casing

23a, 123a water inlet

23b, 123b water outlet

25 passage space

25a upstream space

25b downstream space

30, 40 base portion

31,41,61,71rib

31a, 31b, 61a, 61b, 61c, 71a, 71b end portion
37, 38, 47, 48, 65, 78, 83 throttle passage
65a horizontal throttle passage

65b vertical throttle passage

67 agitating wall

72, 88, 136, 150, 153, 156 remaining portion
78a increased-width portion

81, 81a, 81b, 81c buffer wall

131, 131a~ 1319, 141 wall portion (rib)
135, 135a ~ 135h, 145 sinuous passage
138, 148 bypass passage
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Claims

1.

A heat exchanger comprising:

a casing having a water inlet and a water outlet;
a heater disposed inside the casing and having
surfaces serving as heat transfer surfaces; and
a passage space provided inside the casing, to
guide a fluid which has flowed into the heat ex-
changer through the water inlet to the water out-
let, the fluid being guided to the water outlet while
exchanging heat with the heat transfer surfaces
of the heater;

characterized in that the heater is configured
in such a manner that a heat generation density
in a portion closer to the water outlet is lower
than a heat generation density in a portion closer
to the water inlet.

The heat exchanger according to Claim 1,

wherein the heater is a plate heater placed to be
oriented in a direction substantially parallel to a ver-
tical direction, and has an obverse main surface and
a reverse main surface which are the heat transfer
surfaces; and

the passage space extends from the water inlet at a
lower portion to the water outlet at an upper portion
along the obverse and reverse heat transfer surfaces
of the plate heater.

The heat exchanger according to Claim 1 or 2,
wherein the heater is a ceramic heater including a
ceramic base body, a heat generation resistive ele-
ment formed by printing a pattern of a resistive ele-
ment on the ceramic base body, and an electrode,
and the printed pattern has a line width greater in a
portion of the heater which is closer to the water out-
let than in a portion of the heater which is closer to
the water inlet.

The heat exchanger according to Claim 1 or 2,
wherein the heater is a ceramic heater including a
ceramic base body, a heat generation resistive ele-
ment formed by printing a pattern of a resistive ele-
ment on the ceramic base body, and an electrode,
and the printed pattern has a line interval smaller in
a portion of the heater which is closer to the water
outlet than in a portion of the heater which is closer
to the water inlet.

The heat exchanger according to any one of Claims
2to4,

wherein the passage space includes an upstream
space including an opening of the water inlet and a
downstream space including an opening of the water
outlet, and a throttle passage having a smaller flow
passage cross-sectional area than another space is
provided between the upstream space and the
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downstream space.

The heat exchanger according to Claim 5,

wherein the passage space at one heat transfer sur-
face side of the plate heater and the passage space
at the other heat transfer surface side of the plate
heater are symmetric.

The heat exchanger according to Claim 5 or 6,
wherein the downstream space has agreater volume
than the upstream space.

The heat exchanger according to any one of Claims
5to7,

wherein the throttle passage has a horizontal throttle
passage extending substantially horizontally from a
portion of the heat exchanger which is closer to the
water inlet, to flow the fluid in an upward direction
toward the downstream space.

The heat exchanger according to Claim 8,

wherein the throttle passage has a vertical throttle
passage extending substantially vertically upward,
from one end portion of the horizontal throttle pas-
sage which is farther from the water inlet than the
other end portion of the horizontal throttle passage,
to flow the fluid horizontally toward the downstream
space.

The heat exchanger according to any one of Claims
5t09,

wherein the throttle passage has a slit shape; and
the throttle passage has an increased-width portion
having a greater opening width than another portion.

The heat exchanger according to any one of Claims
5to 10,

wherein an agitating wall for agitating the fluid is pro-
vided in the downstream space to extend in a sub-
stantially upward and downward direction along the
plate heater; and

the agitating wall is corrugated to have a horizontal
amplitude.

The heat exchanger according to any one of Claims
5to 11,

wherein a buffer wall extending substantially hori-
zontally along the plate heater is provided in the
downstream space.

The heat exchanger according to Claim 12,
wherein the buffer wall has a plurality of buffer walls
arranged in the upward and downward direction; and
the buffer walls are provided with remaining portions
formed by cutting portions of the buffer walls such
that positions of the remaining portions are different
between adjacent upper and lower buffer walls when
viewed from above.
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The heat exchanger according to any one of Claims
5 to 13, comprising:

a pair of passage forming members disposed to
sandwich the plate heater;

wherein each of the passage forming members
includes a base portion of a plate shape dis-
posed to face the plate heater, and a rib protrud-
ing from a surface of the base portion which fac-
es the plate heater; and

the slit-shape throttle passage is defined by the
rib and the plate heater which faces the rib, and
is provided between the rib and the plate heater
which faces the rib.

The heat exchanger according to Claim 1,

wherein the heater is a plate heater placed to be
oriented in a direction substantially parallel to a ver-
tical direction, and has an obverse main surface and
a reverse main surface which are the heat transfer
surfaces; and

the passage space is formed in a sinuous passage
extending from the water inlet at a lower portion to
the water outletat an upper portion along the obverse
and reverse heat transfer surfaces of the plate heat-
er.

The heat exchanger according to Claim 15,
wherein the sinuous passage is defined by a plurality
of wall portions arranged vertically to extend sub-
stantially horizontally;

the sinuous passage has, in a range from the water
inlet to the water outlet, a passage for guiding the
fluid in one direction in a substantially horizontal di-
rection, and a passage for guiding the fluid in an op-
posite direction in the substantially horizontal direc-
tion such that the passages are arranged alternately
from a lower side to an upper side; and

a bypass passage is provided in an upward and
downward direction on a portion of each of the wall
portions in a longitudinal direction thereof to provide
communication between adjacent upper and lower
passages.

The heat exchanger according to Claim 16,
wherein the sinuous passage at one heat transfer
surface side of the plate heater and the sinuous pas-
sage at the other heat transfer surface side of the
plate heater are symmetric; and

the bypass passage at one heat transfer surface side
of the plate heater and the bypass passage at the
other heat transfer surface side of the plate heater
are symmetric.

The heat exchanger according to Claim 16 or 17,
wherein bypass passages formed on the plurality of
wall portions substantially conform in position to
each other when viewed from above.
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The heat exchanger according to any one of Claims
16 to 18, comprising:

a pair of passage forming members disposed to
sandwich the plate heater;

wherein each of the passage forming members
includes a base portion of a plate shape dis-
posed to face the plate heater, and a plurality of
ribs protruding from a surface of the base portion
which faces the plate heater to form the wall por-
tions; and

a remaining portion formed by cutting a portion
of each of the plurality of ribs is provided on a
portion of each of the plurality of ribs in a longi-
tudinal direction thereof such that a tip end of
the rib is dented with respect to another portion
to form the bypass passage.

The heat exchanger according to Claim 19,

wherein the remaining portion of the rib has a tapered
shape when viewed from above such that a cut por-
tion width of the remaining portion decreases as a
cut portion depth of the remaining portion increases.

The heat exchanger according to Claim 19,
wherein the remaining portion of the rib has a circu-
lar-arc shape when viewed from above such that a
cut portion depth of a center portion of a cut portion
width is greater.

The heat exchanger according to any one of Claims
19 to 21,

wherein the remaining portion of the rib provided at
arelatively upper side has a greater cut portion width
than the remaining portion of the rib provided at a
relatively lower side.

The heat exchanger according to any one of Claims
19to 21,

wherein the remaining portion is not provided on the
rib provided at a relatively lower side; and

the remaining portion is provided on the rib provided
at a relatively upper side.
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