Europdisches Patentamt

Q European Patent Office (™) Publication number: 0 309 199
Office européen des brevets A2

® EUROPEAN PATENT APPLICATION

@) Application number: 88308704.1 @ Int. Cl.+ F24H 1/18

@) Date of filing: 20.09.88

@ Priority: 21.09.87 JP 236859/87 @ Applicant: CHUBU ELECTRIC POWER
COMPANY INC,
Date of publication of application: No. 1 Higashishin-cho Higashi-ku
29.03.89 Bulletin 89/13 Nagoya-Shi Aichi-Ken(JP)
Designated Contracting States: Applicant: Kabushiki Kaisha Toshiba
DE FR GB SE ) 72, Horikawa-cho Saiwai-ku

Kawasaki-shi(JP)

@ Inventor: Kurachi, Yasuhiko
105-13, Kitateigai Ooazamachikatashinden
Saori-cho Ama-gun Aichi-ken(JP)
Inventor: Mori, Kazumi
3-9, Ryo-machi
Okazaki-shi Aichi-ken(JP)
Inventor: Koizumi, Hisao ¢/o Patent Division
Kabushiki Kaisha Toshiba 1-1 Shibaura
1-chome
Minato-ku Tokyo 105(JP)

Representative: Freed, Arthur Woolf et al
MARKS & CLERK 57-60 Lincoin's inn Fields
London WC2A 3LS(GB)

() Hot water boiling apparatus.

@ A hot water boiling apparatus includes a hot
water tank (11) filled with water. A water supply pipe
(14) and a hot water supply pipe (17) are connected
to the bottom and top of the tank, respectively. A
bubble pump unit (20) is arranged in parallel with the
g tank. The pump unit includes a body (27) having a 22UH
boiling chamber (67), electric heaters (24a, 24b) for :
heating the water in the chamber, a first connecting
w= pipe (30) for guiding water from the tank to the body, i
a guide pipe (36) for feeding the water, guided 240~ ch
°through the first connecting pipe, into the boiling :
¢ chamber, and a second connecting pipe (33) for
guiding the water heated in the boiling chamber into
the upper portion in the tank. The guiding pipe is
n-arranged so that heat is exchanged between the
water in the boiling chamber and the water flowing .
through the guide pipe. i —
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Hot water boiling apparatus

The present invention relates to a hot water
boiling apparatus of a storage type, using an elec-
tric heater as its heat sourcs.

2. Description of the Related Art

Hot water boiling apparatuses using an electric
heater as their heat source are classified into two
types: an instant type and a storage type. The
instant type is constructed so that water is instanta-
neously heated io a predetermined temperature by
means of a large-capacity electric heater, to be
supplied as hot water. The storage type is de-
signed so that hot water of a predetermined tem-
perature is previously stored in a hot water fank,
and is supplied as required. Normally, the instant-
type boiling apparatuses cannot produce hot water
of a satisfactory temperature unless they use an
electric heater with a large capacity of 5 to 20 kw.
Therefore, the storage-type boiling apparatuses are
exclusively put to household use.

Usually, the storage-type hot water boiling ap-
paratuses comprise a hot water tank covered with a
heat insulator. The lower portion of the inside of the
tank is connected to a water supply pipe, while the
upper portion is connected to a tap by means of a
hot water supply pipe. A sheath-type electric heater
is located in the lower portion of the hot water tank.
The heater is supplied with electric power to heat
all the water in the tank to, for example. 80" C
during a time zone in which hot water need not be
used, e.g., at midnight. There are two systems for
supplying power to the heater: an all-time power
supply system and a late-night power supply sys-
tem. According to the all-time system, the power
supply to the heater is started at any point of time.
and is stopped when all the water in the tank
attains a predetermined temperature. According to
the late-night power supply system, the power sup-
ply to the heater is started at midnight during which
the electric charges are relatively small, and is
stopped when all the water in the tank attains a
predetermined temperature. From the economical
point of view, the late-night power supply system is
used more widely. This system is provided with a
timer swiich which starts operation when the pre-
determined time is reached every day, for exam-
ple, whereby the power supply to the electric heat-
er is controlled. The timer switch is under the
control of an electric power supplier, and is not
accessible to users.

However, these hot water boiling apparatuses
are subject o the following drawbacks, which will
be described in connection with an apparatus using
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the all-time power supply system. When the elec-
tric heater is energized, the water in the hot water
tank is gradually heated by a natural convection. At
this time, the increasing speed of the water tem-
perature depends on the capacities of the heater
and the tank. It is hard, however, to incorporate a
large-capacity electric heater in an apparatus for
household use. In order to fulfill its function as a
storage-type version, the apparatus must use a hot
water tank with a capacity of at least several hun-
dreds of liters. Accordingly, the increasing speed of
the water temperature in the tank is not very high.
When all the water in the tank is heated to 80 C,
for example, the power supply to the heater is
stopped. Thus, in the hot water boiling apparatus
using the alltime power supply system, it takes
much time to heat the water in the tank to the
proper temperature for use, i.e.. 80 C. Moreover,
all the water in the hot water tank would be heated
to the set temperature of 80 C without regard to
the quantity of hot water actually required. There-
fore, if the necessary quantity of hot water on the
day and the capacity of the tank are 100 t and 300
£, respectively, energy will be wastefully consumed
to heat 200 1 of excessive water to 80° C. This
also applies to the case of the late-night power
supply system. In a hot water boiling apparatus
using the late-night power supply system, the pow-
er supply is allowed only during the limited time
zone. To avoid a shortage of hot water supply in
the daytime, therefore, the hot water tank must
have a large capacity. Thus, the boiling apparatus
requires a wider installation space, and may possi-
bly waste electric power at a higher rate. In the
conventional hot water boiling apparatus based on
the late-night power supply system, moreover, hot
water of 80° C is stored in the hot water tank at
midnight. During the daytime, therefore, the hot
water can be used at once as long as it is in the
tank. In case of shortage. however, no hot water
can be used in the daytime.

To avoid these awkward situations, an im-
proved hot water boiling apparatus is proposed. In
this apparatus, a bubble pump, having an electric
heater as its heat source, is connected in parallel
with a hot water tank, so that hot water at a
predetermined temperature can be stored, in a
layer of a certain thickness, in the tank, by selec-
tively operating the bubble pump. According to this
arrangement, a necessary quantity of hot water at a
proper temperature, e.g., 80° C, can be stored in
the hot water tank in a short time. Thus, the de-
mand for hot water can be met so quickly that
there is no need of a large-capacity hot water tank.
and that waste of electric power can be restrained.
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Thus, the hot water boiling apparatus with the
bubble pump has many advantages over the ones
which are based on the natural-convection heating
system. In this improved boiling apparatus, how-
ever, if the temperature of feed water varies ac-
cording to the season, that of the hot water stored
in the hot water tank varies correspondingly. Thus,
the hot water cannot be used with reliability. More-
over, the breaking sound of bubbles in the bubble
pump is so noisy that the installation site for the
apparatus is restricted.

The present invention has been contrived in
consideration of these circumstances, and its ob-
ject is to provide a hot water boiling apparatus
_capable of stabilizing the temperature of stored hot
water and reducing the noise level, without spoiling
the features of a bubble pump, for use as a heater,
arranged in parallel with a hot water tank.

In order to achieve the above object, a hot
water boiling apparatus according to the present
invention comprises: a hot water tank having an
upper end formed with a hot water supply port and
a lower end formed with a water supply port, the
tank containing water therein; a hot water supply
pipe connected to the hot water supply port, for
feeding the hot water in the tank to the outside
thereof; water supply means connected to the wa-
ter supply port, to for feeding water into the hot
water tank; and bubble pump means for feeding
hot water into the upper portion of the hot water
tank after sucking the water from the lower portion
of the inside of the tank and heating the sucked
water, the pump means including a body having a
boiling chamber, heating means for heating water
in the boiling chamber, a first connecting pipe for
guiding the water from the lower portion of the hot
water tank to the body, a guide pipe for feeding the
water, guided through the first connecting pipe, into
the boiling chamber, a second connecting pipe for
guiding the water heated in the boiling chamber
into the upper portion of the hot water tank, and
regulating means for allowing the water to flow only
from the lower portion of the hot water tank toward
the upper portion thereof, the guide pipe being
arranged so that heat is exchanged between the
water in the boiling chamber and the water flowing
through the guide pipe.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Figs. 1 to 8 show a hot water boiling appara-
tus according to an embodiment of the present
invention, in which Fig. 1 is a sectional view show-
ing an outline of the apparatus, Fig. 2 is an en-
larged sectional view of pump, Fig. 3 is a sche-
matic view of a power supply system of the ap-
paratus, Figs. 4A and 4B are schematic views
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showing different operating states of the bubble
pump, Figs. 5 and 6 are a schematic view of the
bubble pump and a graph, respectively, for illus-
trating the relation between the temperature
changes of inflow water and outflow water in the
bubble pump, Fig. 7 is an oscillogram showing the
relation between the respective temperatures of the
inflow water and the outflow water in the bubble
pump, and Fig. 8 is a graph for comparing the
temperature change characteristics of the outflow
water of the bubble pump according to the first
embodiment and the outflow water of another bub-
ble pump; and

Figs. 9 and 10 show a bubble pump accord-
ing to ancther embodiment of the present inven-
tion, in which Fig. 9 is a longitudinal sectional view,
and Fig. 10 is a cross-sectional view taken along
line X-X of Fig. 8.

A hot water boiling apparatus according to an
embodiment of the present invention will now be
described in detail with reference to the accom-
panying drawings of Figs. 1 to 8.

As is shown in Fig. 1, the hot water boiling
apparatus comprises substantially cylindrical hot
water tank 11 closed at both ends and extending
substantially in the vertical direction. Tank 11 is
covered with heat-insulating structure 12.

Water supply port 13 is formed in the bottom
wall of hot water tank 11, and one end of water
supply pipe 14 is connected to port 13. The other
end of pipe 14 is connected to a water source (not
shown), e.g., tap water. Pressure reducing valve 15
is provided in the middle of pipe 14. It serves to
reduce the pressure of water introduced through
pipe 14 into tank 11 to 1 kg/em? or less. The top
wall of tank 11 is formed with hot water supply port
16 through which hot water in the tank is dis-
charged to the outside. Port 16 is.connected, by
means of hot water supply pipe 17, to tap 18 in a
kitchen, bathroom, or the like. Normally, tank 11 is
filled with water, and is subjected to the pressure of
water fed through pipe 14. Thus, when tap 18 is
turned on, the water in tank 11 is discharged to the
outside through supply port 16 and supply pipe 17.

Bubble pump unit 20 is embedded in heat-
insulating siructure 12, extending parallel to hot
water tank 11. As is shown in Figs. 1 and 2, pump
unit 20 includes pump body 27 which extends
vertically. The pump body, which is made of cop-
per or aluminum, is in the form of a cylinder having
a thickness of 1.5 mm, inner diameter of 34 mm,
and length of 70 mm, for example. Openings at the
upper and lower ends of pump body 27 are closed
by upper and lower closing walls 31 and 28, re-
spectively. Lower closing wall 28 is formed with
inlet port 29, which is connected to suction port 21
in the bottom wall of tank 11 by means of first
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connecting pipe 30. Upper closing wall 31 is
formed with outlet port 32, which is connected to
discharge port 22 in the top wall of tank 11 by
means of second connecting pipe 33. Thus, tank
11, pipe 30, pump body 27, and pipe 33 constitute
a closed loop through which water flows.

Inside pump body 27, first and second partition
plates 34 and 37 are arranged facing lower and
upper closing walls 28 and 31, respectively. The
inside of body 27 is divided into three chambers by
plates 34 and 37. These chambers include lower
valve chamber 23a defined between wall 28 and
plate 34, upper valve chamber 23b defined be-
tween wall 31 and plate 37, and boiling chamber 67
defined between plates 34 and 37. Inside the boil-
ing chamber. first guide pipe 36, which is formed
of a stainless-steel pipe with an outer diameter of
14 mm, for example, is arranged coaxially with
pump body 27. The lower end of guide pipe 36 is
connected., in a liquid-tight manner, to aperture 35
formed in first pariition plate 34, while the upper
end of pipe 36 exiends close to second partition
plate 37. Thus, the water guided from hot water
tank 11 to lower valve chamber 23a through first
connecting pipe 30 flows through guide pipe 36,
and is fed into boiling chamber 67 via an upper
end opening or discharge port of pipe 36. Inside
the boiling chamber. moreover, second guide pipe
39, which is formed of a stainless-steel pipe, is
arranged coaxially with first guide pipe 36. Pipe 39
has an outer diameter smaller than the inner diam-
eter of pump body 27 and an inner diameter great-
er than the outer diameter of pipe 36. The upper
end of pipe 39 is fixed to the lower surface of
second partition plate 37, and communicates with
aperture 38 in plate 37. The lower end of pipe 39
extends to the position where it overlaps the upper
end portion of pipe 36. Thus, the upper end portion
of first guide pipe 36 is inserted in the lower end
portion of second guide pipe 39. Inside the second
quide pipe, third partition plate 40 is fixed facing
the upper end of pipe 36. A plurality of commu-
nication holes 41 are bored through that portion of
the peripheral wall of pipe 39 which is situated
between second and third partition plates 37 and
40. Thus. the water discharged from the discharge
port of pipe 36 passes between the outer periph-
eral surface of pipe 36 and the inner peripheral
surface of pipe 39, and flows into boiling chamber
67. The water in boiling chamber 67 flows between
the outer peripheral surface of second guide pipe
39 and the inner peripheral surface of pump body
27, and is guided into hot water tank 11 via com-
munication holes 41, aperture 38, upper valve
chamber 23b. and second connecting pipe 33.

Check valves 25 and 26 are provided in lower
and upper valve chambers 23a and 23b, respec-
tively. Valve 25 is composed of a vaive seat,
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formed of the peripheral edge of aperture 29, and
heat-resistant plastic ball 42 located in chamber
23a to cooperate with the value seat. Valve 25
allows the water to flow only from first connecting
pipe 30 toward pump body 27. Likewise. valve 26
is composed of a valve seat, formed of the periph-
eral edge of aperture 38, and heat-resistant plastic
ball 43 located in chamber 23b to cooperate with
the valve seat. Valve 26 ailows the water to flow
only from body 27 toward second connecting pipe
33. .
Bubbie pump unit 20 is provided with first and
second sheath-type electric heaters 24a and 24b
which serve as heating means for heating the water
in boiling chamber 67. Heaters 24a and 24b, which
have outputs of, e.g., 2 kw and 4 kw, respectively,
are wound around those regions of the outer pe-
ripheral surface of pump body 27 between first
partition plate 34 and the lower end of second
guide pipe 39, and are fixed by brazing.

Terminal box 44 is fixed to the outer surface of
heat-insulating structure 12. First and second heat-
ers 24a and 24b are connected. respectively, to
power supply systems 45 and 46 shown in Fig. 3
through the terminal box. System 45 is designed
so as to selectively excite heater 24a by using a
commercial power source. More specifically, sys-
tem 45 is constructed so that if push-button switch
50 is depressed after turning knob 49 of timer
switch 48 for delayed action, with manual switch 47
on, heater 24a can be supplied with power for a
period of time set by means of the timer switch.
System 46 is a late-night power supply system
which allows a discount on electric charges. More
specifically, system 46 is a combination of a timer
and switches, and is adapted to start power supply
to electric heater 24b at a scheduled time, e.g., at
11 p.m., every day. Further, system 46 is con-
structed so as to receive output S1 from tempera-
ture sensor 51, which is attached to the lower
portion of hot water tank 11, and to stop the power
supply to heater 24b when the temperature of the
water in the lower portion of tank 11 increases to,
e.g.. 80°C. In Fig. 1, numerals 52 and 53 des-
ignate a flow regulating valve and a conventionai
float-type vent valve, respectively.

The following is a description of the operation
and application of the hot water boiling apparatus
constructed as aforesaid.

Let it first be supposed that hot water tank 11
is filled with low-temperature water, and that tap 18
is off. In this state, there is no water flow at all, so
that both check vaives 25 and 26 are closed, and
bubble pump unit 20 is filled with low-temperature
water.

In this state, knob 49 of timer switch 48 is
operated to set a desired time limit. Then, switch
47 i1s turned on. and push-button switch 50 is
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depressed. Thereupon, power supply to electric
heater 24a is started. When heater 24a starts to be
supplied with power, that portion of the water in
boiling chamber 67 which is in contact with the
inner surface of pump body 27 inside heater 24a is
heated quickly. When the temperature of part of
the water in chamber 67 attains the boiling point,
air bubbles 61 are produced as is shown in Fig.
4A. As a result, the water rapidly increases its
volume, thereby raising the pressure inside boiling
chamber 67. Thereupon, check valve 26 is opened,
so that boiling water is fed from pump body 27 into
second connecting pipe 33, as indicated by solid-
line arrows 62 in Fig. 4A. When bubbles 61 rise by
buoyancy to reach the level of the lower end por-
tion of second guide pipe 39, they are cooled and
condensed by relatively cold water in the vicinity of
the lower end portion of pipe 39. As a result, the
pressure inside chamber 67 is lowered. Thereupon,
check valves 26 and 25 are closed and opened,
respectively, as is shown in Fig. 4B, so that the
cold water in the lower portion of hot water tank 11
flows into boiling chamber 67 through first connect-
ing pipe 30 and guide pipes 36 and 39. Accord-
ingly, the temperature of the water in chamber 67
further lowers, so that bubbles 81 quickly dis-
appear. Thereupon, the water ceases to flow in
through pipe 30. Thus, the temperature of the
water in chamber 67 starts to increase again, so
that bubbles 61 are produced again. Thereatfter, the
aforementioned operations are repeated within the
time limit set by means of timer switch 48. [n this
manner, hot water of e.g. 80°C is intermittently
discharged from pump body 27.

The discharged hot water is passed through
second connecting pipe 33 to be fed into the upper
portion of hot water tank 11 via discharge port 22.
Thus, 80° C hot water 64 is collected in a thermally
stratified manner in tank 11, as is shown in Fig. 1.
The thickness of the thermal layer can be set freely
by changing the conduction time of electric heater
243z, i.e., the time limit set by means of timer
switch 48. In the case described above, hot water
is stored as required by the use of power supply
system 45. In this embodiment, however, system
46 is provided as a late-night power suppiy sys-
tem, which automatically supplies power to electric
heater 24b at 11 p.m. Thus, 80° C hot water is
collected in hot water tank 11 in the same manner
as aforesaid.

According to the hot water boiling apparatus
having bubble pump unit 20 constructed in this
manner, even though the temperature of the water
supplied to hot water tank 11 through water supply
pipe 14 varies depending on the season or the like,
variation of the temperature of the hot water deliv-
ered from pump unit 20 can be made relatively
small, and the breaking sound of the bubbles can
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be reduced. More specifically, water is supplied to
boiling chamber 87 of pump unit 20 via first guide
pipe 36 and the space between first and second
guide pipes 36 and 38. All these pipes have ther-
mal conductivity. Fig. 5 simulatively shows the
flows of water and heat in pump unit 20. While
water of temperature Tw supplied from first con-
necting pipe 30 rises in first guide pipe 36, it
exchanges heat with water 66 in boiling chamber
67 boiling at temperature Ts under heat from eiec-
tric heater 65, thereby increasing its temperature to
Th. Thereafter, as the water of temperature Tb
lowers between first and second guide pipes 36
and 39, it exchanges heat with water of tempera-
ture Ts rising from chamber 67, thereby increasing
its temperature to Tc. Then, water of temperature
Th, which is lower than TS, is delivered from upper
check valve 26.

Referring now to Fig. 6, let us consider {wo
cases in which feed water temperature Tw is Tw1
and Tw2 (Tw1 < Tw2).

If temperature Tb is Tb1 and Tb2 when the
feed water temperature is Tw1 and Tw2, respec-
tively, mean temperatures Tm1 and Tm2 are given
by
Tmi = (Tw1 + Tb1y2, (1)

Tm2 = (Tw2 + Tb2)/2. 2)

Suppose we have Tht - Twil = Atl, Th2 - Tw2 =
At2, Ts - Tm1 = AT1, and Ts - Tm2 = AT2. lf the
quantity of water flowing through first guide pipe 36

. and the heat conductivity of pipe 36 are constant,

and if amount Q of heat transferred from water 66
in boiling chamber 67 to the water in pipe 36 via
the wall of pipe 36 is Q = kAT, the amounts of
heat transfer for the two cases are
gCatt = kaT1,  (3)
qCAt2 = kAT2, (4)
where q is the flow rate (kg/s) of inside first guide
pipe 36, and ¢ is the specific heat (J/kg'°C) of
water.

Substituting equations (1) and (2) from equa-
tions (3) and (4), we obtain
qC(Tb1 - Tw1) = k{Ts - (Tw1 + Tb1)2}, (5)
qC(Tbh2 - Tw2) = k{Ts - (Tw2 + Tb2)i2}. (6)
From equations (1), (2), (3), and (4), therefore, we
obtain
Th2 - Tht = (B/AYTw2 - Twl), 7
where (B/A) equals {(At1 - 1)/2}{(At1 + 1).2}, and
is smaller than 1. If the feed water temperature
changes from Tw1l to TW2, therefore, the change
(Tb2 - Tbi) of Tb is smaller than (Tw2 - Twi).
Thus, if the feed water temperature changes, the
variation of the temperature of the water supplied
to boiling chamber 67 of bubbie pump unit 20 is
smaller than the variation of the feed water tem-
perature, so that the temperature of hot water deliv-
ered from the pump unit can be stabilized. In the
present embodiment, second guide pipe 39 is used
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in combination with first guide pipe 36. Thus. while
the water supplied through pipe 36 descends within
pipe 39, it exchanges heat with a rising flow of hot
water around pipe 39 in boiling chamber 87, there-
by further increasing its temperature to Tc. Mean-
while, the rising hot water is cooled to temperature
Th, and discharged from chamber 67. As com-
pared with the example described in connection
with equation (7), therefore, the influence of the
feed water temperature upon the temperature of
the hot water delivered from pump unit 20 is less,
so that the delivered hot water temperature can be
further stabilized.

Moreover, the water preheated by heat ex-
change is fed into boiling chamber 67 of bubble
pump unit 20, as mentioned before. The cooling
capacity of the preheated water is less than that of
unheated water, and its bubble condensing capabil-
ity is less. Accordingly, the bubbles produced in
chamber 67 are condensed more slowly by the

preheated water, so that the breaking sound of the
bubbles is lower, that is, production of noises can
be restrained.

Thus, the hot water boiling apparatus is im-
proved in handling efficiency, and the degree of
freedom of the installation site is upped.

Fig. 7 is an oscillogram showing a result of a
test on a bubble pump with the same construction
as the aforementioned embodiment. made on an
experimental basis. In Fig. 7, the axis of abscissa
represents the time elapsed after the start of power
supply to the electric heater. Although the feed
water temperature changes from 25 C to 45° C,
the delivered hot water temperature hardly
changes. Fig. 8 shows the test result of Fig. 7
compared with that of another bubble pump. In Fig.
8, the full-line represents the delivered hot water
characteristic of the bubble pump unit according to
the present embodiment, while the dashed-line re-
presenis a delivered hot water characteristic ob-
tained if first and second guide pipes 36 and 39
are removed from the pump of the embodiment,
and when water is fed into boiling chamber 67
without being preheated. According to the present
embodiment, as seen from Fig. 8, the variation of
the delivered hot water temperature can be made
much smaller than that of the feed water tempera-
ture.

It is to be understood that the present invention
is not limited to the embodiment described above,
and that various changes and modifications may be
effected therein by one skilled in the art without
departing from the scope or spirit of the invention.

According to the aforementioned embodiment,
a pair of independent electric heaters are provided;
one for an all-time power supply system. and the
other for a late-night power suppiy system. Alter-
natively, however, only one electric heater may be
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used so that electric power is supplied only from
either the ail-time power supply system or the late-
night power supply system. The power supply sys-
tem is selected in consideration of the difference in
electric charges according to time zone, conditions
of domestic use of hot water. etc. Also. the ar-
rangement of the bubble pump unit may be
changed as required.

Figs. 9 and 10 show bubble pump unit 20
according to a second embodiment of the present
invention. In this pump unit, hollow aluminum biock
71 is fixed on the outer peripheral surface of pump
body 27, and sheath-type eleciric heaters 24a and
24b are embedded in the block so as to extend
parallel to body 27. According to this second em-
bodiment, moreover, check vaives 25 and 26 are
disposed in first and second connecting pipes 30
and 33, respectively. In this case, the distai end
portion of pipe 30 extends through lower closing
wall 28 of pump body 27 into boiling chamber 67,
thus constituting first guide pipe 36.

In the first and second embodiments described
above, the second guide pipe may be omitted.
Also in this case, the variation of the delivered hot
water temperature, attributable to the change of the
feed water temperature, can be made smaller than
in the case of an apparatus without first guide pipe
36. For the check valves, moreover, flap valves
may be used in place of ball vaives. For the flow
reguiating function, furthermore, a throttle pipe may
be used in place of the flow regulating valve in the
first connecting pipe. The flow regulating vaive and
throttle pipe may be omitted. The material for first
and second guide pipes 36 and 39 may be
changed, depending on the variation of the target
temperature of the delivered hot water or the like.

Claims

1. A hot water boiling apparatus comprising:
a hot water tank (11) having an upper end formed
with a hot water supply port (16) and a lower end
formed with a water supply port (13), said tank
containing water therein;
a hot water supply pipe (17) connected to the hot
water supply port, for discharging the hot water
from the tank to the outside;
water supply means (14) connected to the water
supply port, for feeding water into the hot water
tank; and
a heat source heating the water in the hot water
tank;
characterized in that said heat source comprises a
bubble pump unit (20) for feeding hot water into
the upper portion of the hot water tank (11) after
sucking the water from the lower portion of the
inside of the tank and heating the sucked water,



s

11 EP 0 309 199 A2 12

said pump unit including a body (27) having a
boiling chamber (67), heating means for heating
water in the boiling chamber, a first connecting
pipe (30) for guiding the water from the lower
portion in the hot water tank to the body, a guide
pipe (36) for feeding the water, guided through the
first connecting pipe, into the boiling chamber, a
second connecting pipe (33) for guiding the water
heated in the boiling chamber into the upper por-
tion in the hot water tank, and regulating means
allowing the water to flow only from the lower
portion of the hot water tank toward the upper
portion thereof, said guide pipe being arranged so
that heat is exchanged between the water in the
boiling chamber and the water flowing through the
guide pipe. .

2. An apparatus according to claim 1, char-
acterized in that said guide pipe (36) is arranged in
the boiling chamber (67), and has a lower end
communicating with the first connecting pipe (30)
and an upper end opening into the boiling cham-
ber.

3. An apparatus according to claim 2, char-
acterized in that said boiling chamber (67) has an
upper end communicating with the second con-
necting pipe (33) and a lower end situated on the
side of the first connecting pipe (30), and extends
substantially vertically, and said guide pipe (36)
extends inside the boiling chamber in the axial
direction thereof, the upper end of the guide pipe
being situated close to the upper end of the boiling
chamber.

4. An apparatus according to claim 3, char-
acterized in that said boiling chamber (67) is cylin-
drical, and said guide pipe (36) is coaxial with the
boiling chamber.

5. An apparatus according to claim 3, char-
acterized in that said bubble pump means (20)
inciudes a second guide pipe (39) for guiding the
water discharged from the upper end of the first
guide pipe (36) toward the lower end of the boiling
chamber (67), said second guide pipe being ar-
ranged so that heat is exchanged between the
water flowing through the second guide pipe and
the water in the boiling chamber.

6. An apparatus according to claim 5, char-
acterized in that said second guide pipe (69) has
an inner diameter greater than the outer diameter
of the first guide pipe (36), and is located in the
boiling chamber (67) so as to cover the upper end
portion of the first guide pipe and be coaxial with
the first guide pipe, said second guide pipe further
having a lower end opening toward the lower end
of the boiling chamber and a partition plate facing
the upper end of the first guide pipe, whereby the
water discharged from the upper end of the first
guide pipe is passed between the outer peripheral
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surface of the first guide pipe and the inner periph-
eral surface of the second guide pipe to be guided
downward.

7. An apparatus according to claim 1, char-
acterized in that said pump body (27) is in the form
of a cylinder whose inner peripheral surface de-
fines the boiling chamber (67), and said heating
means includes first and second electric heaters
(24a, 24b) provided on the outer peripheral surface
of the pump body.

8. An apparatus according to claim 7, char-
acterized in that said heating means includes first
power supply means (46) for energizing the first
electric heater (24b) in a predetermined manner,
and second power supply means (45) for energiz-
ing the second electric heater (24a) in a desired
manner.

9. An apparatus according to claim 8, char-
acterized in that said second power supply means

- {45) includes a timer circuit (48) for optionally set-

ting the conduction duration and conduction start
time for the second electric heater (24a).

10. An apparatus according to ciaim 8, char-
acterized in that said first power - “oly means (46)
includes a sensor (51) for detec. g the tempera-
ture of the water in that region of the hot water tank
(11) near the water supply port (13), so that power
supply to the first electric heater (24b) is started at
a predetermined point of time, and is stopped
when the water temperature detected by the sen-
sor attains a predetermined temperature level.

11. An apparatus according to claim 7, char-
acterized in that said first and second electric heat-
ers (24a, 24b) are fixedly wound around the outer
peripheral surface of the pump body (27).

12. An apparatus according to claim 7, char-
acterized in that said first and second electric heat-
ers (24a, 24b) are each formed of rod-shaped
sheath heater extending parallel to the pump body
27).

13. An apparatus according to claim 1, char-
acterized in that said regulating means includes a
first check valve (25) for allowing the water to flow
only from the first connecting pipe (30) toward the
pump body (27), and a second check valve (26) for
allowing the water to flow only from the pump body
toward the second connecting pipe (33).

14. An apparatus according to claim 13, char-
acterized in that said first and second check valves
(25, 26) are arranged in the first and second con-
necting pipes (30, 33), respectively.

15. An apparatus according to claim 13, char-
acterized in that said pump body (27) includes a
first valve chamber (23a) focated between the first
connecting pipe (30) and the guide pipe (36), and a
second valve chamber (23b) located between the
second connecting pipe (33) and the « ::ling cham-
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ber (67), said first and second check vaives (25,
26) being arranged in the first and second valve
chambers, respectively.

16. An apparatus according to claim 1, char-
acterized by further comprising heat insulating
means (12) covering the tank (11), and character-
ized in that said bubbie pump unit (20) is embed-
ded in the heat insulating means.
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