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(52 NATURAL CIRCULATION-TYPE HOT WATER STORAGE HEATER.

@ A natural circulation-type hot water storage heater for
storing hot water obtained from a water storagetank (as water
or hot water) at the bottom through a first circulation pipe, a
heat exchanger and a second circulation pipe into a tank. A
thermovalve is mounted within the second circulation pipe on
the downstream side of the heat exchangerto vary its opening
™ area in response to the hot water temperature to thereby
< substantially maintain constant the temperature of the hot
water from the heat exchanger. As a result, the temperature
distribution at the time the water is boiling in the water stor-
age tank is rendered substantially constant instantaneously
¥ so0 as to increase the effective hot water storage amount. in
addition, the hot water temperature is held constant without
d' fluctuation regardless of the repetitive ON and OFF operation
) of a burner, and will not fluctuate even if the burner is turned
=/ ON when hotwater is supplied. Instead, the time during which
the hot water is continuously supplied at constant tempera-
ture is prolonged to provide an effective hot water storage
amount which is greater than the inside volume of the water ]
L} Storage tank. S

vroyaon ranung Company Ltd.
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TITLE MODIFIED

see front page

Title of the Invention

A Hot-Water Storage Type Hot-Water Supply Apparatus
Operating Under a Natural Circulation Principle

Technical Field of the Invention

The present invention relates to an improvement in a
hot-water storage type hot-water supply apparatus ope-
rating under a natural circulation principle.

Background Art

Now a hitherto known hot-water storage type hot-water
supply apparatus operating under the natural circula-
tion principle will be explained in reference to Fi-
gure 1 of the attached drawings. As shown in the dra-
wing, water contained within a hot-water storage tank
(3) provided with a water feed orifice (1) and a hot-
water supply orifice (2) is fed through a first circu-
lation pipe (4) connected to the bottom of tank (3)
to a heat exchanger (5) to be heated by a burner or a
combustor (6), the water thus heated being supplied
through a second circulation pipe (7) to the upper
portion within tank (3).

In this case, assuming that the mean density of water
flowing through first circulation pipe (4) is ?1, the
mean density of hot-water flowing through second cir-
culation pipe (7) is ?2, and the height from the mid-
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rdle'position of heat exchanger (5) to'the boundary sur-

face between the hot-water and the cold-water within
hot-water storage tank (3) is H,, the natural circu-
lation force F is formulated as follows : '

F = (r - r2) Hy , . (1)

It has also been known that the flow rate w of the
cold- or hot-water passing through a circulation pas-
sage A comprising first circulation pipe (4), heat-
exchanger (5) and second cifculation pipe (7) ig rela-
ted to the natural circulation force F by the follo-
wing equation : / o

w x F? (n > 1) , o (2) -

Further, assuming that the heat quanfity given to the
water in heat exchanger (5) by the heat from combustor
(6). is Q, the specific heat at constant pressure is
gp’ and each of the temperatures of the col?— and hot-
water at the entrance and the exit of heat exchanger
(5) are Tin and Tout, respectlvely, the next equation -
is glven : 7 - - T

= Q/c (Tout - I;g) o (3)

Therefore, the equations (2) and (3) become as follows:

1 x P2
(Tout - Tam) ()

Thus, it will be appreciated that the smaller the na-
tural circulation force F, the larger the temperature
difference (Tout - Tin) becomes.

In short, as shown in Figure:1; if7the'hot—water ac—
cumulates as high within'hot—water storage tank (3)

as a level denoted by the dot-and-dash line §1, height
H decreases to as low as H,, while (517— _é) increases
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a bit, but, since the degree of decrease in H is lar-
ger than the degree of increase in (7, - Fé), the na-
tural circulation force F as represented by formula
(1) decreases so that the temperature difference
(Tout - Tin) in the temperature of the water before
and after the heat exchanger becomes large. This means
that the larger the hot-water volume accumulated in
the upper part of hot-water tank (3), the larger

the temperature difference (Tout - Tin) becomes.
From the above reasons, the temperature distribution
of the hot-water in hot-water storage tank (3) of the
conventional hot-water supply apparatus at the time
of the boiling of the hot-water can be expressed by
the diagram shown in Figure 2, revealing a temperature
gradient wherein the low temperature water exists at
the bottom of the tank in the initial stage of the hot-
water storage, and the higher the level of the hot-
water from the bottom of tank 3, the higher the tempe-
rature of the hot-water becomes. Therefore,” it has
such defect that the volume of the high temperature
hot-water available for practical use, i.e. the effec-
tive hot-water storage volume is less than the actual
inner volume of the tank.

And, at the time of the supply of the hot-water, since,
with the supply of hot-water, the circulation force F,
i.e. the discharge volume from second circulation pi-
pe (7), varies, the boundary surface between the hot-
water and the cold-water varies so that the actuation
and the shutting off of combustor (6) are repeated. In
this case, since at the time of the actuation o the
combustor the volume of the hot-water accumulated in
the hot-water storage tank is small, the natural cir-
culation force F becomes large, and the temperature of
the hot-water flowing out of second circulation pipe
(7) becomes low, so the temperature of the hot-water
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to be supplied too becomes low. Inversely, since at

the time of the shutting off of the combustor the

volume of the hot-water accumulated in the hot-water
storage tank is large, the natural circulation force
F is small, so the hlgh temperature hot-water is sup-
plied. Thus, as shown in Flgure 5 the varlatlon in
temperature of the hot—water at the time of its sup-
ply is large. Therefore, the conventlonal ‘hot-water

- supply apparatus is not sulted for use with, for exam-

ple, a shower bath, etc.rr

Summary of the Invehtieh:'

It is an object of the present inventién to eliminate-
such defects in the,eonventional?hot4water supply ap-
paratus:and”provide,a hot-water supp}y apparatusrin
which a thermal valve,iS'mouhted tofa circulation pi-
pe downstream of a heat exchanger,;Whiehithermal val-
ve operates such that when the temperature of the hot-
water becomes high its openlng area is enlarged ‘whe-~
reas when the temperature of the. hot-water becomes
low its openlng area is narrowed, so that the tempe-
rature dlstrlbutlon of the b011ed hot-water within
the hot-water storage tank: 1s,keptrnearlyrconstant .
throughout the'tank,'thereby'inereasing'theVeffective
hot-water storage'volume and eliminating,the,varia-r
tion in temperature at the time of hot-water supply.

Brief Explanation of the Drawings |

Figures 1 to 3 show a engentienalihot-water supply
apparatus wherein Figure"1 is'a*diagrammatiCal verti—
cal sectional v1ew of the apparatus as a vwhole, Fi-
gure 2 is a diagram show1ng the temperature distri-
bution in the tank at- theit;me,ofrthe b0111ng of the
hotQWater and Figure 3 is a diagram shoWing"the varia-

~tion in hot-water temperaturerat”the time of its sup-
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ply.

Figures 4 to 8 show one embodiment of a hot-water sup-
ply apparatus in accordance with the present invention
in which Figure 4 is a diagrammatical vertical sec-
tional view of the apparatus as a whole, Figure 5 is

a vertical sectional view of the thermal valve in its
closed state, Figure 6 is a vertical sectional view

of the thermal valve in its opened state, Figure 7 is
a diagram showing the temperature distribution in the
tank at the time of the boiling of hot-water, and Fi-
gure 8 is a diagram showing the variation in hot-water
temperature during its supply.

Figure 9 is a graph showing changes in the hot-water
temperature during its supply for the conventional
hot-water supply apparatus and the apparatus in accor-
dance with the present invention.

Detailed Description

Now the present invention will be explained fully in
connection with its one example in reference to the
attached drawings.

In Figure 4, the reference numeral (1) shows a water
inlet orifice, (2) a hot-water supply orifice, (3) a
hot-water storage tank, (4) a first circulation pipe,
(5) a heat exchanger, (6) a burner or combustor, and
(7) a second circulation pipe. The present invention
is characterized in the provision of a thermal valve
(8) interposed in a circulation passage A at second
circulation pipe (7) downstream of heat exchanger (5),
thermal valve (8) operating such that when the tempe-
rature of the hot-water becomes high its opening area
is enlarged and when the temperature of the hot-water
becomes low its opening area is narrowed.
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1:67

As shown in'Figuré 5 thermal valve (8) comprises an-

orifice plate,(9) fixedly,mounted to the inner wall

of second circulation pipe (7) near the exit of the
heat exchanger and'having genera11yfa'hollow trunca-~
ted conical shape, a pin abutting plate (10) fixedly
secured to orifice plate'(9),,a'coilrspring seating
plate (11) fixedly secured to orifice p1ate (9), =
coil spring,(1h),1aid onrspring fixing plate (11) cen-
trally thereof, a movable circular disc (13) secured
to coil spring (14) at!itsrfop,,a,temperature feeler
(12) fixedly secured to disc (13) and having thermal
wax sealingly filled therein, and pin'(15) protruded
through temperature feeler”(12) centrally thereof so
as to be freely axially movable and having its upper
end abutted against pin abutting piate (10).

The thermal wax sealed within temperature feeler (12)
changes its state from the solid phase to the liquid
phase or vice versa depéndingron the temperature of
the hot-water, to expand or contract so that pin (15)
is projected or withdrawhrfrom or into'temperature
feeler (12) due to the'equilibration of the force ac-
ting on movable pléte (13) from spring (4h)ron the

one hand and from temperature feeler (12) on the other
hand. Therefore, in the state where the thermal wax is
contracted owing to'theflow'temperature of the sur- .
rounding hot-water, temperature feélerj(ﬁZ)}is urged
upwards relative to spring abutting plate (11) as
viewed in Figure 5 so that the aréérfor'the~passage

of the hOt-watér formed between'the'opening of coni-
cal-shaped orifice plate (9) and circular movable disc
(13) is made small, whereby the’circuiation flow rate
w is made small. Inversely, when'the'temperature of
the hot-water becomés high the thermal wax expands,

" so movable disc (3)'moves downwards against the ac-

tion of spring (14) as viewédrin Figure 5 in the man-
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ner contrary to that abovesaid. Therefore, the flow
passage formed between the opening of orifice plate
(9) and movable disc (13) is made large as shown in

Figure 6, whereby the circulation flow rate w is made
large.

Now the operation of the hot-water supply apparatus
provided with the thermal valve according to the pre-
sent invention will be explained below.

In Figures 4 to 6, when the apparatus is to be opera-
ted for the storage hot-water within the storage tank,
combustor (6) is ignited so that the hot-water flo-
wing from heat exchanger (5) begins to accumulate in
the upper part of hot-water tank (3) through second
circulation pipe (7). At this time, in the conventio-
nal hot-water supply apparatus, if a small quantity
of hot-water has been already accumulated in the upper
part of tank (3), since the natural circulation force
F is large, the circulation flow rate w is large so
that the temperature of the hot-water at the exit of
heat exchanger (5) becomes low. Contrarily, in the
present invention, when the hot-water temperature at
the exit of heat exchanger (5) has a tendency to be
lowered, temperature feeler (12) of thermal valve (8)
detects this tendency and operateé so as to cause the
flow area to be made small, thereby lowering the flow
rate. Further, in the conventional hot-water supply
apparatus, when a volume of the hot-water is accumula-
ted within tank (3), since the natural circulation
force F is small, the flow rate w is made small so
that the hot-water temperature at the exit of heat
exchanger (5) becomes high, but, in the present inven-
tion, when the hot-water temperature at the exit of
the heat exchanger has a tendency to be increased,
thermal valve (8) detects this tendency and operates
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to cause the flow rate of the hot-water to be increa-
sed. Therefore, in the present 1nvent10n, the circu—
lation flow rate w is maintained always substantially
constant regardless of the,hot—weter volume accumula-
ted within tank (3). Thus, in the ﬁresent,invention,
hot-water temperature Tout at the exit of heat exchan-
ger (5) is controlled so as to be substantially cons-
tant by such operatioh of thermal valve (8).

Therefore, the temperature distributionfof the hot-
water within the hot-water storage tank at the time

of boiling is made to be substantially constant over
the total height of the tank as shown in Figure 7, re-
sulting in the'hot—water aCcumulafion within the sto-
rage tank belng as effectlve as- p0551ble relatlve to
its inner volunme, } :

At the time of supplying hot-water in the apparatus
according to the present invention, when the supply
volume of the hot—Water[becdmes,less than the cir-
culation flow rate E,,evenrthough combustor (6) re-
peats ignition and exfinguishing,'sinceehOf-weter at
a substantially constant temperature is fed through
second circulation pipe (75;'¢oﬁtinuoﬁs'hot-water
supply can be carried out while being kept at a stable
temperature irrespective of whether the combustor is
ignited or not, as shown in Figure 8.

In the case ‘where the volume of the hot—water supply'
is larger than the circulation flow rate w, with the
assumption that combustor (6) is to be ignited when
the water has;been'Supplied to as high a level as B2
shown by the dot-and-dash line in Figure 4 and the hot-
water supply volume is W, and that the hot-water ac- -
cumulation volume from level B2 to the position of

the exit opening of,second7circu1ationrpiper(7) (the
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dot-and-dash line B3) is represented by Vo and the
natural circulation flow rate is represented by w,
the change in hot-water temperature is shown in Fi-
gure 9. In the conventional hot-water supply appara-
tus, as shown by the dot-and-dash line x, the change
in hot-water temperature occurs simultaneously with
the start of the ignition of the combustor (point C).
Contrarily, in the hot-water supply apparatus accor-
ding to the present invention, since ﬁemperature Tout
of the hot-water flowing through second circulation
pipe (7) by natural circulation is kept substantially
constant, the hot-water supply volume becomes (W - w)
in substance. Therefore, as shown by the solid line
Y in Figure 9, after the start of ignition (point ¢),
it is possible to supply hot-water at a constant tem-
perature for a longer period of time as formulated
by the following equation :

Vo/ (W-w) =Vo / W (5)
This means that the present invention has an effective
hot-water accumulation volume larger than the inner
volume of the hot-water storage tank.
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Patent claims -

1. A hot-water storage type hot-water Supply appara-
tus operating under a. natural circulation principle

having a hot-water storage tank and a hot-water cir-
culation pipe hav1ng one end thereof connected to the
bottom of sald tank with the other end thereof being

‘located at an upper position within said tank and with

a heat exchanger disposed between Sald one end and
said other end ,whereby hot—water heated by said heat
exchanger is stored in said tank from 1ts upper por-
tion, characterized in that said c1rcu1atlon pipe is
provided with a thermal valve downstream of said heat
exchanger such that it operates to increase its ope-
ning area when the temperature of sald hot—water be-
comes high, whereas it operates to ‘decrease its ope-
ning area when the temperature of Sald hot—water be-
comes low, whereby the temperature of said hot-water
flowing out from sald heat exchanger 1s kept substan—
tially constant :

2. A hot—water:storage'tYpe,hot—water supply appa-
ratus operating under'a natural circulation princi-
ple as claimed inhclaim 1 wherein said heat exchanger
is adapted to be heatediby a combustor. .
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FIG. 7
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