EP 2 980 506 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
03.02.2016 Bulletin 2016/05

(21) Application number: 14002702.0

(22) Date of filing: 01.08.2014

(51)

(11) EP 2980 506 A1

EUROPEAN PATENT APPLICATION

Int CL.:
F24H 9/20(2006.0%)
F24H 1/12(2006.01)

F24D 19/00 (2006.0%)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: Rinnai Corporation
Nagoya-shi,
Aichi 454-0802 (JP)

(72) Inventor: Mase, Naoto
Nagoya-shi Aichi, 454-0802 (JP)

(74)

Representative: Hofmann, Ralf U. et al
Hofmann & Fechner

Patentanwalte

Hoérnlingerstrasse 3

Postfach 50

6830 Rankweil (AT)

Remarks:

Amended claims in accordance with Rule 137(2)
EPC.

(54) Hot water supply device

(57)  The presentinvention provides a hot water sup-
ply device. When a hot water supply operation is started
in response to an instruction for checking a heat ex-
change state, a heat exchange state determiner 12
measures a post-boiling temperature Tup, which indi-
cates the rise width of a temperature detected by a heat
exchange outlet temperature sensor 26 from the point
when the hot water supply operation stopped, and out-
puts a heat exchange success report if the post-boiling
temperature Tup is lower than a first threshold tempera-
ture. Further, when the hot water supply operationis start-
ed independently of the instruction for checking a heat
exchange state, the heat exchange state determiner 12
outputs a report of clogging of a heat exchanger if the
post-boiling temperature Tup is higher than a second
threshold temperature Bth, which is higher than the first
threshold temperature Ath.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinventionrelatesto a hotwater sup-
ply device which heats water running in a heat exchanger
by a burner to supply hot water.

Description of the Related Art

[0002] Hitherto, there has been known a hot water sup-
ply device which is provided with a heat exchanger con-
nected to a water supply pipe and a hot water supply pipe
and a burner that heats the heat exchanger, and which
is adapted to heat water running in the heat exchanger
(refer to, for example, Japanese Patent Application Laid-
Open No. 2008-138952).

[0003] Water is supplied from waterworks through a
hot water supply pipe to a heat exchanger installed in the
hot water supply device. The water supplied from water-
works frequently contains dissolved impurities, such as
calcium carbonate and calcium hydroxide. The impurities
that crystalize in a water path (heat transfer pipe) in the
heat exchanger and turn into lime scale adhering to the
heat transfer pipe interfere with the heat transfer in the
heat exchanger, resulting in deteriorated performance of
the hot water supply device.

[0004] In the hot water supply device described in the
foregoing gazette, therefore, a failure of the heat ex-
changer caused by the adhesion of lime scale is detected
by making use of the fact that, as the lime scale builds
up in the heat transfer pipe of the heat exchanger, the
temperature of the water in the heat exchangerincreases
due to residual heat (post-boiling temperature) when the
supply of hot water is stopped.

[0005] When a failure of the heat exchanger caused
by the adhesion of lime scale is detected, a cleaning pipe
for removing the scale is connected to the water circu-
lating path of the hot water supply device including the
heatexchangerthereby to form a circulation circuit. Then,
a cleaning liquid is circulated in the circulation circuit by
a pump to remove the lime scale adhering to the heat
transfer pipe of the heat exchanger.

[0006] However, incomplete removal of the lime scale
by the cleaning leads to the detection of a failure of the
heat exchanger caused by the adhesion of scale within
a short period of time after the cleaning pipe is discon-
nected and the use of the hot water supply device is re-
sumed, thus inconveniently resulting in the need for re-
moving the scale again.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in view
of the foregoing background, and an object of the inven-
tion is to provide a hot water supply device that makes it
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possible to check that a heat exchanger has been suc-
cessfully cleaned.

[0008] A hot water supply device in accordance with
the present invention includes:

a heat exchanger connected to a water supply pipe
and a hot water supply pipe;

a burner that heats the heat exchanger;

a heat exchange outlet temperature sensor that de-
tects a temperature of water in the heat exchanger
or the hot water supply pipe in the vicinity of a place
where the heat exchanger and the hot water supply
pipe are connected;

a running water sensor that detects for a presence
of running water in the heat exchanger;

a hot water supply controller that carries out a hot
water supply operation in which the burner is turned
on to heat water circulating in the heat exchanger in
a case where running water is detected by the run-
ning water sensor, and turns the burner off to stop
the hot water supply operation in a case where the
running water is not detected by the running water
sensor; and

a heat exchange state determiner which, in a case
where the hot water supply operation stops after the
hot water supply operation is started in response to
a predetermined instruction for checking a heat ex-
change state, carries out heat exchange success de-
termination processing in which a post-boiling tem-
perature indicating a rise width of a temperature de-
tected by the heat exchange outlet temperature sen-
sor from a time point at which the hot water supply
operation was stopped is measured and the post-
boiling temperature and a first threshold temperature
are compared, and performs a predetermined suc-
cessful heat exchange notification in a case where
the post-boiling temperature is lower than the first
threshold temperature, and

carries out, in a case where the hot water supply
operation stops after the hot water supply operation
is started independently of the instruction for check-
ing a heat exchange state, heat exchanger clogging
determination processing in which the post-boiling
temperature is measured and the post-boiling tem-
perature is compared with a second threshold tem-
perature, which is higher than the first threshold tem-
perature, and performs a predetermined heat ex-
changer clogging notification in a case where the
post-boiling temperature is higher than the second
threshold temperature.

[0009] According to the present invention, if clogging
of the heat exchanger caused by a lime scale worsens,
then the clogging of the heat exchanger is notified when
the heat exchanger clogging determination processing
is carried out by the heat exchange state determiner. The
notification of the clogging of the heat exchanger enables
a user to recognize the clogging of the heat exchanger
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and ask a maintenance service or the like for cleaning
the heat exchanger.

[0010] Further, upon completion of the cleaning oper-
ation of the heat exchanger, an operator of a mainte-
nance service or the like can carry out the heat exchange
success determination processing through the heat ex-
change state determiner by giving an instruction for
checking the heat exchange state. In the heat exchange
success determination processing, the post-boiling tem-
perature is compared with the first threshold temperature,
which is lower than the second threshold temperature
used in the heat exchanger clogging determination
processing, and the notification of heat exchange suc-
cess is given when the post-boiling temperature is lower
than the first threshold temperature. This enables the op-
erator to confirm that the heat exchanger has been suc-
cessfully cleaned by recognizing the notification of clean-
ing completion.

[0011] Further, in the present invention, in a case
where the instruction for checking the heat exchange
state is issued, the heat exchange state determiner caus-
es the hot water supply controller to carry out the hot
water supply operation such that the temperature detect-
ed by the heat exchange outlet temperature sensor be-
comes a predefined determination temperature. The first
threshold temperature is set according to the determina-
tion temperature.

[0012] In this case, whether the heat exchanger has
been successfully cleaned can be determined with higher
accuracy by carrying out the heat exchange success de-
termination processing on the basis of the post-boiling
temperature from the state in which the temperature of
the water in the vicinity of the outlet of the heat exchanger
is maintained at the determination temperature.

[0013] Further, according to the present invention, in
a case where the post-boiling temperature is the first
threshold temperature or higher in the heat exchange
success determination processing, the heat exchange
state determiner performs a notification that urges the
cleaning of the heat exchanger.

[0014] With this arrangement, it is possible to urge the
operator to clean the heat exchanger again if the heat
exchanger has been incompletely cleaned. This makes
it possible to prevent the operator from finishing the
cleaning of the heat exchanger even in a state the heat
exchanger is inadequately cleaned.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a configuration diagram of a hot water sup-
ply device;

FIG. 2 is an explanatory chart illustrating a determi-
nation of whether a heat exchanger has been
clogged by the adhesion of lime scale and a deter-
mination of whether the heat exchanger has been
successfully cleaned;
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FIG. 3 is an explanatory diagram illustrating a con-
nected state of a cleaning machine is connected;
FIG. 4 is a flowchart illustrating an operation for
cleaning the heat exchanger;

FIG.5is aflowchartillustrating a heatexchange suc-
cess determination processing; and

FIG. 6 is a flowchart illustrating the processing for
setting a determination temperature and a first
threshold temperature.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] An embodiment of the present invention will be
described with reference to FIG. 1 to FIG. 6. Referring
to FIG. 1, a hot water supply device 1 of the present
embodiment is constituted of a main unit 2 and a remote
control 50 connected to the main unit 2 by a communi-
cation cable 60.

[0017] The main unit 2 includes a heat exchanger 21
provided in a combustion chamber 20, a burner 22 which
is disposed below the heat exchanger 21 to heat the heat
exchanger 21, a combustion fan 23 which supplies com-
bustion air to the burner 22, and a gas proportional valve
25 which is provided on a gas supply pipe 24 connected
to the burner 22 and which changes the flow rate of a
fuel gas supplied to the burner 22.

[0018] The inlet end of the heat exchanger 21 is con-
nected to a water supply pipe 30, while the outlet end of
the heat exchanger 21 is connected to a hot water supply
pipe 31. Further, abypass pipe 32 is provided to set com-
munication between the water supply pipe 30 and the
hot water supply pipe 31, bypassing the heat exchanger
21.

[0019] The water supply pipe 30 is connected to a wa-
ter pipe 41 via a manual water supply switching valve 40,
and the hot water supply pipe 31 is connected to a hot
water supply piping 43 via a manual hot water supply
switching valve 42. In FIG. 1 and FIG. 3, which will be
discussed hereinafter, the locations of open valves of the
water supply switching valve 40 and the hot water supply
switching valve 42 are indicated by blank triangles, while
the locations of closed valves thereof are indicated by
black triangles.

[0020] ReferringtoFIG. 1, the lower valves of the water
supply switching valve 40 and the hot water supply
switching valve 42 are closed, the water pipe 41 and the
water supply pipe 30 are set in communication at the
water supply switching valve 40, and the hot water supply
piping 43 and the hot water supply pipe 31 are set in
communication at the hot water supply switching valve
42. Hence, when a user turns on a faucet 44, water is
supplied from the water pipe 41 to the water supply pipe
30, the water that has been heated by the heat exchanger
21 and the water passing through the bypass pipe 32 are
mixed to be supplied through the faucet 44 from the hot
water supply pipe 31 via the hot water supply piping 43,
as indicated by the arrows.

[0021] Provided on the upstream side of the point of
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the water supply pipe 30 at which the water supply pipe
30 is connected with the bypass pipe 32 is a running
water sensor 29, which detects the flow rate of water
circulating through the water supply pipe 30 (correspond-
ing to the running water sensor that detects for the pres-
ence of running water in the heat exchanger in the
present invention), and a water supply variable valve 28,
which changes the opening degree of the water supply
pipe 30.

[0022] A heat exchange outlet temperature sensor 26,
which detects the temperature of water in the hot water
supply pipe 31, is provided in the vicinity of the point of
the hot water supply pipe 31 at which the hotwater supply
pipe 31 is connected with heat exchanger 21. A hot water
supply temperature sensor 27, which detects the tem-
perature of hot water supplied from the hot water supply
pipe 31 to the hot water supply piping 43, is provided on
the downstream side of the point of the hot water supply
pipe 31 atwhich the hot water supply pipe 31 is connected
with the bypass pipe 32.

[0023] Further, the main unit 2 is provided with a con-
troller 10, which controls the whole operation of the hot
water supply device 1. The controller 10 is an electronic
circuit unit composed of a CPU, a memory, various in-
terface circuits and the like, which are not illustrated. The
controller 10 executes a control program for the hot water
supply device 1 stored in the memory so as to function
as a hot water supply control unit 11 and a heat exchange
state determiner 12.

[0024] Whenthe faucet44 is turned on and the running
water sensor 29 detects a flow rate thatis an ignition flow
rate or higher, i.e. when the running water is detected,
the hot water supply control unit 11 sets the burner 22 to
a combustion mode to carry out a hot water supply op-
eration. Meanwhile, when the faucet 44 is turned off and
the flow rate detected by the running water sensor 29
becomes less than the ignition flow rate, i.e. when the
running water is no longer detected, the hot water supply
control unit 11 sets the burner 22 to an extinction mode
to stop the hot water supply operation.

[0025] In the hot water supply operation, the hot water
supply control unit 11 adjusts the opening degree of the
gas proportional valve 25 and the rotational velocity of
the combustion fan 23 to change the combustion amount
of the burner 22 such that the temperature detected by
the hot water supply temperature sensor 27 becomes a
desired hot water supply temperature set by the remote
control 50.

[0026] The heat exchange state determiner 12 carries
out heat exchanger clogging determination processing
for determining whether the heat exchanger 21 has been
clogged due to the adhesion of lime scale. The heat ex-
change state determiner 12 carries out the heat exchang-
er clogging determination processing when the faucet is
turned on to start the hot water supply operation without
an "instruction for checking the heat exchange state" giv-
en by operating the remote control 50, which will be dis-
cussed hereinafter (other than the case where an oper-
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ator operates the "instruction for checking the heat ex-
change state" and turns on the faucet 44 according to an
audio guidance).

[0027] In the heat exchanger clogging determination
processing, if the hot water supply operation stops after
the hot water supply operation continues for a predeter-
minedtime (e.g. 10 minutes) orlonger, the heat exchange
state determiner 12 measures a post-boiling temperature
Tup, which denotes the rise width of the temperature de-
tected by the heat exchange outlet temperature sensor
26 (hereinafter referred to as the heat exchange outlet
temperature Tout) from the time point at which the hot
water supply operation was stopped.

[0028] Then, the heat exchange state determiner 12
compares the post-boiling temperature Tup with a sec-
ond threshold temperature Bth, which is athreshold value
for determining the clogging of the heat exchanger 21
attributable to the adhesion of lime scale. If the post-boil-
ing temperature Tup is higher than the second threshold
temperature Bth, then the heat exchange state determin-
er 12 displays an error on a display 51 of the remote
control 50 and outputs an audio guidance "Clean the heat
exchanger" through a speaker 56.

[0029] Further, if the operator who has cleaned the
heat exchanger 21, as will be discussed hereinafter,
gives an "instruction for checking the heat exchange
state" by operating the remote control 50 (e.g. by a spe-
cial operation, such as pressing an operation switch 55
while holding an UP switch 53 and a DOWN switch 54
pressed at the same time), then the heat exchange state
determiner 12 carries out the heat exchange success
determination processing for determining whether the
water in the heat exchanger 21 is smoothly passing after
the lime scale has been removed from the heat exchang-
er 21. The heat exchange success determination
processing will be discussed hereinafter.

[0030] FIG. 2illustrates the relationship of correspond-
ence between the heatexchange outlettemperature Tout
and the post-boiling temperature Tup, the axis of abscis-
sa indicating the heat exchange outlet temperature Tout
at the time point when the hot water supply operation
stops, and the axis of ordinate indicating the post-boiling
temperature Tup. Referring to FIG. 2, A denotes the cor-
respondence relationship in a state in which there is no
adhesion of lime scale in the heat exchanger 21 (at the
time of, for example, starting the use of the hot water
supply device 1 that is newly provided or at the time of
delivery inspection at a plant). Further, B denotes the
correspondence relationship in a state in which lime scale
has built up in the heat exchanger 21.

[0031] Ifthe heat exchange outlet temperature Tout at
the point when the hot water supply operation stops re-
mains the same, then the post-boiling temperature Tup
increases as the lime scale builds up in the heat exchang-
er 21 (shifting from A to B). For example, when the heat
exchange outlet temperature Tout is 69°C, at P2 when
there is no adhesion of lime scale in the heat exchanger
21, the post-boiling temperature Tup is 11°C. At point P1



7 EP 2 980 506 A1 8

when the lime scale has built up in the heat exchanger
21, the post-boiling temperature Tup is 30°C.

[0032] Hence, according to the present embodiment,
a second threshold temperature Bth for determining the
clogging of the heat exchanger is decided on the basis
of the heat exchange outlet temperature Tout, as illus-
trated in FIG. 2. Further, afirst threshold temperature Ath
for the heat exchange state determiner 12 to determine
whether water is smoothly running in the heat exchanger
21 is decided on the basis of the heat exchange outlet
temperature Tout, as illustrated in FIG. 2.

[0033] Referring now to FIG. 3, the operation for clean-
ing the heat exchanger 21 will be described according to
the flowchart given in FIG. 4. As illustrated in FIG. 3, the
operation for cleaning the heat exchanger 21 is carried
out by connecting a cleaning machine 70 to the hot water
supply device 1.

[0034] The cleaning machine 70 has a cleaning liquid
tank 73 in which a cleaning liquid 74 (acetic acid or the
like) for removing lime scale is stored, a cleaning forward
pipe 71 having one end thereof disposed in the cleaning
liquid tank 73, a cleaning backward pipe 72, a circulating
pump 75 which is provided on the way of the cleaning
forward pipe 71 to take up the cleaning liquid 74 from the
cleaning liquid tank 73 into the cleaning forward pipe 71,
and a timer 76 for checking cleaning execution time.
[0035] Accordingtothe flowchartof FIG. 4, an operator
who cleans the heat exchanger 21 first stops the opera-
tion of the hot water supply device 1in STEP1, and drains
the hot water supply device 1 in STEP2. In the subse-
quent STEP3, the operator connects the cleaning for-
ward pipe 71 to the water supply switching valve 40, con-
nects the cleaning backward pipe 72 to the hot water
supply switching valve 42, and attaches the cleaning ma-
chine 70 to the hot water supply device 1, as illustrated
in FIG. 3.

[0036] Next,in STEP4,the operator operates the water
supply switching valve 40 to close the path from the water
pipe 41 to the water supply pipe 30 and to open the path
from the cleaning forward pipe 71 to the water supply
pipe 30. The operator also operates the hot water supply
switching valve 42 to close the path from the hot water
supply pipe 31 to the hot water supply piping 43 and to
open the path from the hot water supply pipe 31 to the
cleaning backward pipe 72.

[0037] Subsequently, in STEP5, the operator starts up
the.circulating pump 75. This causes the cleaning liquid
to circulate through the path of the cleaning liquid tank
73 — the cleaning forward pipe 71 — the water supply
pipe 30 — the heat exchanger 21/the bypass pipe 32 —
the hot water supply pipe 31 — the cleaning backward
pipe 72 — the cleaning liquid tank 73, thus starting the
removal of the lime scale in the heat exchanger 21.
[0038] Inthe next STEPG, the operator starts the timer
76 and when the time set on the timer 76 is up in STEP7,
the operator stops the circulating pump 75 in STEPS8. In
the following STEP9, the operator drains the cleaning
liquid from the hot water supply device 1, and in STEP10,
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the operator operates the water supply switching valve
40 to close the path from the cleaning forward pipe 71 to
the water supply pipe 30 and to open the path from the
water pipe 41 to the water supply pipe 30.

[0039] Further, the operator operates the hot water
supply switching valve 42 to close the path from the hot
water supply pipe 31 to the cleaning backward pipe 72
and to open the path from the hot water supply pipe 31
to the hot water supply piping 43.

[0040] Operating the water supply switching valve 40
and the hot water supply switching valve 42 enables the
hot water supply operation of the hot water supply device
1. Then, in the subsequent STEP 11, the operator gives
the "instruction for checking the heat exchange state" by
operating the remote control 50 so as to direct the heat
exchange success determination processing to be car-
ried out. In the heat exchange state determination
processing, if itis determined that the heat exchanger 21
has been successfully cleaned, then an audio guidance
"Cleaned OK" is output through the speaker 56 of the
remote control 50. The output of the audio guidance
"Cleaned OK" corresponds to the notification of success-
ful heat exchange in the present invention. The heat ex-
change state determination processing will be discussed
in more detail hereinafter.

[0041] Ifthe heatexchanger 21 has been inadequately
cleaned, then an audio guidance "Clean again" will be
output through the speaker 56 of the remote control 50.
The output of the audio guidance "Clean again" corre-
sponds to the notification urging the cleaning of a heat
exchanger in the present invention.

[0042] The notification of successful heat exchange
and the notification urging the re-cleaning of the heat
exchanger may be effected by a method other than the
output of the audio guidance. For example, the notifica-
tion may be displayed on the display 51 of the remote
control 50 or may be given by sounding a buzzer through
the speaker 56.

[0043] Next, in STEP 12, the operator recognizes the
audio guidance ("Cleaned OK" or "Clean again") and de-
termines whether the cleaning has been successfully
performed. If the cleaning has been successfully per-
formed, i.e. if the audio guidance "Cleaned OK" is given,
then the operator proceeds to STEP 13 in which the op-
erator disconnects the cleaning forward pipe 71 from the
water supply switching valve 40, disconnects the clean-
ing backward pipe 72 from the hot water supply switching
valve 42, and removes the cleaning machine 70 from the
hot water supply device 1 tofinish the cleaning operation.
[0044] Meanwhile, if the cleaning is inadequate, i.e. if
the audio guidance "Clean again" is output, then the pro-
cedure branches away from STEP 12 to STEP20. The
operator drains the hot water supply device 1 and replac-
es or replenishes the cleaning liquid 74 in the cleaning
liquid tank 73, as necessary, in the subsequent STEP21,
and returns to STEP4. Then, the operator repeats the
operation for cleaning the heat exchanger 21 by the
processing from STEP4 and after.
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[0045] Referring now to the flowchart given in FIG. 5,
the procedure for carrying outthe heatexchange success
determination processing will be described. The heat ex-
change state determiner 12 carries out the heat ex-
change success determination processing when the op-
erator operates the remote control 50 as described
above.

[0046] The heat exchange state determiner 12 reads
the data on the first threshold temperature Ath retained
in a memory (not illustrated) in STEP30 and outputs an
audio guidance "Turn faucet on" through the speaker 56
of the remote control 50 in the next STEP31. When the
operator turns the faucet 44 on in response to the audio
guidance, the water supply from the water pipe 41 to the
water supply pipe 30 is begun.

[0047] When the flow rate detected by the running wa-
ter sensor 29 reaches the ignition flow rate or more in
the subsequent STEP32, the hot water supply operation
is started by the hot water supply control unit 11. Then,
in the next STEP33, the heat exchange state determiner
12 causes the hot water supply control unit 11 to carry
out the hot water supply operation such that the heat
exchange outlet temperature Tout becomes a determi-
nation temperature Tj. The start of the hot water supply
operation corresponds to the start of the hot water supply
operation in response to the instruction for checking the
heat exchange state in the present invention.

[0048] Then, when a predetermined time (e.g. 10 min-
utes) elapses in the next STEP34, the heat exchange
state determiner 12 proceeds to STEP35 to output an
audio guidance "Turn faucet off" through the speaker 56
of the remote control 50. When the operator turns the
faucet 44 off in response to the audio guidance, the water
supply from the water pipe 41 to the water supply pipe
30 is stopped.

[0049] When the flow rate detected by the running wa-
ter sensor 29 has reduced to less than the ignition flow
rate in the subsequent STEP36 after the water supply
from the water pipe 41 to the water supply pipe 30 is
stopped, the heat exchange state determiner 12 pro-
ceeds to STEP37 to stop the hot water supply operation.
[0050] Inthe subsequent STEP38, the heat exchange
state determiner 12 detects the heat exchange outlet
temperature Tout and measures the post-boiling temper-
ature Tup. In STEP39, the heat exchange state deter-
miner 12 compares the post-boiling temperature Tup and
the first threshold temperature Ath to determine whether
the post-boiling temperature Tup is lower than the first
threshold temperature Ath.

[0051] Ifthe post-boiling temperature Tup is lower than
the first threshold temperature Ath, then it is determined
that the heat exchanger 21 has been successfully
cleaned. Hence, the heat exchange state determiner 12
proceeds from STEP39 to STEP40 wherein the heat ex-
change state determiner 12 outputs the audio guidance
"Cleaned OK" through the speaker 56 of the remote con-
trol 50, and then proceeds to STEP41 to end the process-

ing.
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[0052] Meanwhile, if the post-boiling temperature Tup
is the first threshold temperature Ath or higher, theniitis
determined that the heat exchanger 21 has been inade-
quately cleaned. Hence, the heat exchange state deter-
miner 12 branches away from STEP39 to STEP50 to
output the audio guidance "Clean again" through the
speaker 56 of the remote control 50, and proceeds to
STEP41 to end the processing.

[0053] Referring now to the flowchart given in FIG. 6,
the processing for deciding the determination tempera-
ture Tj and the first threshold temperature Ath by the heat
exchange state determiner 12 will be described. When
the use of the hot water supply device 1 is begun (e.g.
when there is no buildup of lime scale in the heat ex-
changer 21 of the hot water supply device 1 newly in-
stalled in a house or at the time of a delivery inspection
at a plant or the like), the heat exchange state determiner
12 carries out the processing in accordance with the flow-
chart of FIG. 6 to decide the determination temperature
Tj and the first threshold temperature Ath.

[0054] The heat exchange state determiner 12 waits
until the hot water supply operation is started by the hot
water supply control unit 11 in STEP60, and proceeds to
STEP61. Then, in the loop formed of the subsequent
STEP61 and STEP70, the heat exchange state deter-
miner 12 waits until a set time (e.g. 10 minutes) elapses
in STEP61 or the hot water supply operation is stopped
in STEP70.

[0055] When the set time has elapsed in STEP61
(whenitis determined that the hot water supply operation
has continued for asettime orlonger and the temperature
of the hot water supplied from the heat exchanger 21 has
stabilized), the heat exchange state determiner 12 pro-
ceeds to STEP62 and waits for the hot water supply op-
eration to stop.

[0056] When the hot water supply operation stops in
STEP62, the heat exchange state determiner 12 pro-
ceeds to STEP63 and decides the heat exchange outlet
temperature Tout at the time point when the hot water
supply operation stopped, i.e. when the circulation of wa-
ter in the heat exchanger 21 stopped and the burner 22
was turned off, as the determination temperature Tj,
which is then stored in the memory.

[0057] Inthe subsequent STEP64, the heat exchange
state determiner 12 detects the degree of the rise in the
heat exchange outlet temperature Tout from the time
point when the hot water supply operation stopped, and
measures the post-boiling temperature Tup. Then, the
heat exchange state determiner 12 decides a tempera-
ture that is slightly higher than the post-boiling tempera-
ture Tup as thefirst threshold temperature Ath, and stores
the data of the first threshold temperature Athin the mem-
ory.

[0058] In the present embodiment, the determination
temperature Tj and the first threshold temperature Ath
have been decided by the processing of the flowchart
givenin FIG. 6 on the basis of the actual measured values
of the heat exchange outlet temperature Tout and the
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post-boiling temperature Tup obtained when the hot wa-
ter supply operation is actually carried out. Alternatively,
however, the determination temperature Tj and the first
threshold temperature Ath may be decided by calculation
based on experiments or design values.

[0059] Further, in the present embodiment, the de-
scription has been given of the hot water supply device
1 provided with the burner 22 using gas as the fuel. How-
ever, the present invention can be applied also to a hot
water supply device provided with a burner that burns a
differenttype of fuel, such as a burner using oil as the fuel.
[0060] Further, in the present embodiment, the audio
guidance "Clean again" has been output if the post-boil-
ing temperature Tup is equal to or higher than the first
threshold temperature Ath in the flowchart given in FIG.
5. However, the advantages of the present invention can
be obtained even if the audio guidance is not output.
[0061] Further, according to the present embodiment,
in the flowchart given in FIG. 5, the audio guidance "Turn
faucet on" has been output in STEP31 and the audio
guidance "Turn faucet off has been output in STEP35
thereby to urge the operator to open and close the faucet
44,

[0062] However, if the supply and the supply stop of
the water from the water pipe to the water supply pipe
30 can be switched by controlling an on-off valve, as in
the case where a hot water bathtub filling pipe (not illus-
trated), which is branched away from the hot water supply
pipe 31 and connected to a bathtub (not illustrated), and
an on-off valve (not illustrated), which opens/closes the
hot water bathtub filling pipe, are provided, then cleaning
completion determination processing may be carried out
by switching the on-off valve between an open valve state
and a closed valve state without outputting the foregoing
audio guidance.

[0063] Further, in the present embodiment, the heat
exchange outlet temperature sensor 26 has been pro-
vided on the hot water supply pipe 31 side in the vicinity
of the place of connection between the heat exchanger
21 and the hot water supply pipe 31. Alternatively, how-
ever, the heat exchange outlet temperature sensor 26
may be provided on the heat exchanger 21 side in the
vicinity of the place of connection between the heat ex-
changer 21 and the hot water supply pipe 31.

Claims
1. A hot water supply device comprising:

a heat exchanger connected to a water supply
pipe and a hot water supply pipe;

a burner that heats the heat exchanger;

a heat exchange outlet temperature sensor that
detects a temperature of water in the heat ex-
changer or the hot water supply pipe in a vicinity
of a place where the heat exchanger and the hot
water supply pipe are connected;
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a running water sensor that detects for a pres-
ence of running water in the heat exchanger;

a hot water supply controller that carries out a
hot water supply operation in which the burner
is turned on to heat water circulating in the heat
exchanger in a case where running water is de-
tected by the running water sensor, and turns
the burner off to stop the hot water supply oper-
ation in a case where the running water is not
detected by the running water sensor; and

a heat exchange state determiner which, in a
case where the hot water supply operation stops
after the hot water supply operation is started in
response to a predetermined instruction for
checking a heat exchange state, carries out heat
exchange success determination processing in
which a post-boiling temperature indicating a
rise width of a temperature detected by the heat
exchange outlet temperature sensorfrom atime
point at which the hot water supply operation
stopped is measured, and the post-boiling tem-
perature and a first threshold temperature are
compared, and performs a predetermined suc-
cessful heat exchange notification in a case
where the post-boiling temperature is lower than
the first threshold temperature, and

carries out, in a case where the hot water supply
operation stops after the hot water supply oper-
ation is started independently of the instruction
for checking a heat exchange state, heat ex-
changer clogging determination processing in
which the post-boiling temperature is measured
and the post-boiling temperature is compared
with a second threshold temperature, which is
higher than the first threshold temperature, and
performs a predetermined heat exchanger clog-
ging notification in a case where the post-boiling
temperature is higher than the second threshold
temperature.

The hot water supply device according to claim 1,

wherein the heat exchange state determiner per-
forms a notification for urging the cleaning of the heat
exchanger in a case where the post-boiling temper-
ature is the first threshold temperature or higher in
the heat exchange success determination process-

ing.

The hot water supply device according to claim 1,
wherein, in a case where the instruction for checking
a heat exchange state is performed, the heat ex-
change state determiner causes the hot water supply
controller to carry out the hot water supply operation
such that the temperature detected by the heat ex-
change outlet temperature sensor becomes a pre-
defined determination temperature, and

the first threshold temperature is set according to the
determination temperature.
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The hot water supply device according to claim 3,
wherein, in a case where the post-boiling tempera-
ture is the first threshold temperature or higher in the
heat exchange success determination processing,
the heat exchange state determiner performs a no-
tification for urging the cleaning of the heat exchang-
er.

Amended claims in accordance with Rule 137(2)
EPC.

A hot water supply device (1) comprising:

aheat exchanger (21) connected to a water sup-
ply pipe (30) and a hot water supply pipe (31);
aburner (22) that heats the heat exchanger (21);
a heat exchange outlet temperature sensor (26)
that detects a temperature of water in the heat
exchanger (21) or the hot water supply pipe (31)
in a vicinity of a place where the heat exchanger
and the hot water supply pipe are connected;
a running water sensor (29) that detects for a
presence of running water in the heat exchanger
(21);

a hot water supply controller (11) that carries out
a hot water supply operation in which the burner
(22) is turned on to heat water circulating in the
heat exchanger (21) in a case where running
water is detected by the running water sensor
(29), and turns the burner (22) off to stop the hot
water supply operation in a case where the run-
ning water is not detected by the running water
sensor (29); and

a heat exchange state determiner (12) which, in
a case where the hot water supply operation
stops after the hot water supply operation is
started in response to a predetermined instruc-
tion for checking a heat exchange state, carries
out heat exchange success determmation
processing in which a post-boiling temperature
indicating a rise width of a temperature detected
by the heat exchange outlet temperature sensor
(26) from a time point at which the hot water
supply operation stopped is measured, and the
post-boiling temperature and a first threshold
temperature are compared, and performs a pre-
determined successful heat exchange notifica-
tionin a case where the post-boiling temperature
is lower than the first threshold temperature,
characterized in that the heat exchange state
determiner (12) carries out, in a case where the
hot water supply operation stops after the hot
water supply operation is started independently
of the instruction for checking a heat exchange
state, heat exchanger clogging determination
processing in which the post-boiling tempera-
ture is measured and the post-boiling tempera-
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ture is compared with a second threshold tem-
perature, which is higher than the first threshold
temperature, and performs a predetermined
heat exchanger clogging notification in a case
where the post-boiling temperature is higher
than the second threshold temperature.

The hot water supply device according to claim 1,
wherein the heat exchange state determiner (12)
performs a notification for urging the cleaning of the
heat exchanger (21) in a case where the post-boiling
temperature is the first threshold temperature or
higher in the heat exchange success determination
processing.

The hot water supply device according to claim 1,
wherein, in a case where the instruction for checking
a heat exchange state is performed, the heat ex-
change state determiner (12) causes the hot water
supply controller (11) to carry out the hot water sup-
ply operation such that the temperature detected by
the heat exchange outlet temperature sensor (26)
becomes a predefined determination temperature,
and

the first threshold temperature is set according to the
determination temperature.

The hot water supply device according to claim 3,
wherein, in a case where the post-boiling tempera-
ture is the first threshold temperature or higherin the
heat exchange success determination processing,
the heat exchange state determiner (12) performs a
notification for urging the cleaning of the heat ex-
changer(21).
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