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Description
{Technical Field}

[0001] The presentinventionrelatestoa hotwater sup-
ply system including at least one hot water storage tank
that sequentially stores high-temperature water pro-
duced in a heat source machine while forming tempera-
ture stratification from an upper portion side, and a control
method thereof.

{Background Art}

[0002] In a hot water supply system including at least
one hot water storage tank that is connected to a heat
source machine through a low-temperature water pipe
and a high-temperature water pipe, and sequentially
stores high-temperature water produced in the heat
source machine while forming temperature stratification
from an upper portion side as described above, a heat
retaining operation (an additional boiling operation) for
maintaining warm water in the hot water storage tank at
a given temperature is performed after completion of
100% storage in the hot water storage tank. However, at
the initiation of the heatretaining operation (the additional
boiling operation), insufficiently-heated low-temperature
warm water may be spouted from the heat source ma-
chine under startup. When the warm water is mixed into
the high-temperature water from the upper portion of the
hot water storage tank, the temperature stratification may
be disturbed.

[0003] To cope with the above problem, PTL 1 propos-
es a system in which when warm water spouted from a
heat source machine has a low temperature at the initi-
ation of a heat retaining operation, the warm water is
discharged to the outside of the system, or bypassed to
a low-temperature water system via a bypass circuit by
a switch valve, and when the temperature of the warm
water spouted from the heat source machine reaches a
set temperature or more, the switch valve is switched to
cause the high-temperature water from the heat source
machine to flow into an upper portion of a hot water stor-
age tank.

[0004] Meanwhile, PTL 2 proposes a system in which
when heat is stored forming temperature stratification in
a heat storage tank by using water as a medium, the
Archimedes number Ar of water returning to the heat stor-
age tank is calculated, and a water feed amount by a
water feed pump to an air conditioner is controlled such
that the Archimedes number Ar approaches a preset ref-
erence Archimedes number, so that the heat storage is
enabled while preventing a disturbance of the tempera-
ture stratification of the water in the heat storage tank.
[0005] PTL 3 discloses a hot water supply system ac-
cording to the preamble of claim 1 and a method accord-
ing to the preamble of claim 4.
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{Citation List}
{Patent Literature}
[0006]

{PTL 1} the Publication of Japanese Patent No.
5069955

{PTL 2} Japanese Unexamined Patent Application,
Publication No. Hei10-148374

{PTL 3} EP 1298395

{Summary of Invention}
{Technical Problem}

[0007] As described above, when the temperature of
the warm water spouted from the heat source machine
reaches a set temperature or more at the initiation of the
heat retaining operation (the additional boiling opera-
tion), the switch valve is switched to cause the high-tem-
perature water from the heat source machine to flow into
the upper portion of the hot water storage tank. Accord-
ingly, a disturbance of the temperature stratification can
be avoided, and a decrease in the warm water temper-
ature in the upper portion of the hot water storage tank
can be prevented. In this case, however, before the tem-
perature of the warm water from the heat source machine
reaches the set temperature or more, the warm water
whose temperature has been increased close to the set
temperature is bypassed to the low-temperature water
system side via the bypass circuit.

[0008] As a result, in the case of a system having a
configuration in which the bypass circuit is connected to
a water supply system leading to the hot water storage
tank, a lower portion of the hot water storage tank, or a
low-temperature water pipe leading from the hot water
storage tank to the heat source machine, low-tempera-
ture water whose temperature has beenincreased is sup-
plied to the heat source machine. Accordingly, in the heat
pump-type heat source machine, the efficiency is disad-
vantageously reduced, and the COP (coefficient of per-
formance) is also disadvantageously reduced.

[0009] Thus,thereisademand foratechnique capable
of minimizing the influences on the disturbance of the
temperature stratification in the hot water storage tank,
and the decrease in the COP of the heat source machine,
and achieving stable spouting of the high-temperature
water to a load side, and maintenance of a high COP for
the heat source machine at the same time.

[0010] The present invention has been made in view
of such circumstances, and an object thereofis to provide
a hot water supply system which can minimize the re-
spective influences on the temperature stratification in a
hot water storage tank, and the COP of a heat source
machine at the initiation of a heat retaining operation (an
additional boiling operation), stably spout high-tempera-
ture water, and maintain a high COP for the heat source
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machine, and a control method thereof.
{Solution to Problem}

[0011] A first aspect of the present invention is a hot
water supply system as defined by claim 1.

[0012] In accordance with the configuration, at the in-
itiation of the heat retaining operation (an additional boil-
ing operation), the warm water having a low temperature
spouted from the heat source machine is bypassed to
the low-temperature water system via the bypass circuit,
and is mixed with low-temperature water in the low-tem-
perature water system without forming stratification in a
region having alarge R value. Accordingly, atemperature
increase in the low-temperature water system is sup-
pressed, and mixture of the warm water having a low
temperature into the high-temperature water in the upper
portion of the hot water storage tank is prevented so as
to avoid a disturbance of the temperature stratification.
On the other hand, the warm water bypassed to the by-
pass circuit side is switched to the hot water storage tank
side by using the R value, which is the mixture charac-
teristic value of the temperature-stratified hot water stor-
age tank, as the index (a region where the R value is
equal to or less than a predetermined value). The tem-
perature stratification by the high-temperature water in
the upper portion of the hot water storage tank is thereby
maintained, so that high-temperature water having a giv-
en temperature or more can be always spouted to a load
side at the time of spouting. Therefore, at the initiation of
the heat retaining operation (the additional boiling oper-
ation), the influences on the temperature stratification in
the hot water storage tank and the COP of the heat source
machine can be respectively minimized. The high-tem-
perature water can be stably spouted to the load side,
and a high COP can be maintained for the heat source
machine.

[0013] Also, the bypass circuit may be connected to
any one of the water supply pipe leading to the hot water
storage tank, a low-temperature water region in a lower
portion of the hot water storage tank, and the low-tem-
perature water pipe leading from the hot water storage
tank to the heat source machine, which constitute the
low-temperature water system.

[0014] In accordance with the configuration, the warm
water having a low temperature spouted from the heat
source machine is injected into and mixed with the low-
temperature water in any one of the water supply pipe
leading to the hot water storage tank, the low-tempera-
ture water region in the lower portion of the hot water
storage tank, and the low-temperature water pipe leading
from the lower portion of the hot water storage tank. A
temperature increase in the low-temperature water sys-
tem can be thereby suppressed. Accordingly, a decrease
in efficiency caused when the low-temperature water
having a high temperature is supplied to a water/refrig-
erant heat exchanger in the heat source machine, par-
ticularly, a heat pump-type heat source machine, is sup-
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pressed, so that a high COP can be maintained for the
heat source machine.

[0015] Also, the switch valve may be switched to the
hot water storage tank side at a point where an R value
of a case in which the warm water having a low temper-
ature spouted from the heat source machine is caused
to flow into the hot water storage tank from the lower
portion, and an R value of a case in which the warm water
is caused to flow into the hot water storage tank from the
upper portion cross each other in a state in which low-
temperature water is stored in the lower portion of the
hot water storage tank, and high-temperature water hav-
ing a set temperature is stored in the upper portion.
[0016] In accordance with the configuration, at the in-
itiation of the heat retaining operation (the additional boil-
ing operation), the temperature of the warm water spout-
ed from the heat source machine is low, and the warm
water having a low temperature from the heat source
machine and the low-temperature water in the low-tem-
perature water system are mixed together without form-
ing stratification in the region having a large R value.
Thus, atemperature increase in the low-temperature wa-
ter system can be minimized. On the other hand, the
switch valve is switched at a point where the above R
value, and an R value obtained when the temperature of
the warm water spouted from the heat source machine
increases high enough to form the temperature stratifi-
cation without being mixed with the high-temperature wa-
ter in the hot water storage tank cross each other. The
warm water spouted from the heat source machine is
thereby caused to flow into the upper portion of the hot
water storage tank, so that a disturbance of the temper-
ature stratification can be avoided. Therefore, the switch
valve can be switched at a timing at which the influence
caused when the warm water having a low temperature
spouted from the heat source machine is caused to flow
into the hot water storage tank from the upper portion,
and the influence caused when the warm water is caused
to flow into the hot water storage tank from the lower
portion can be minimized at the initiation of the heat re-
taining operation (the additional boiling operation). Ac-
cordingly, the high-temperature water can be stably
spouted to the load side while maintaining the tempera-
ture stratification by the high-temperature water in the
upper portion of the hot water storage tank. A high COP
can be also maintained for the heat source machine.
[0017] A second aspect of the present invention is a
method for controlling a hot water supply system as de-
fined in claim 4.

[0018] In accordance with the second aspect, at the
initiation of the heat retaining operation (an additional
boiling operation), the warm water having a low temper-
ature spouted from the heat source machine is bypassed
to the low-temperature water system via the bypass cir-
cuit, and is mixed with low-temperature water in the low-
temperature water system without forming stratification
in a region having a large R value. Accordingly, a tem-
perature increase in the low-temperature water system
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is suppressed, and mixture of the warm water having a
low temperature into the high-temperature water in the
upper portion of the hot water storage tank is prevented
so as to avoid a disturbance of the temperature stratifi-
cation. On the other hand, the warm water bypassed to
the bypass circuit side is switched to the hot water storage
tank side by using the R value, which is the mixture char-
acteristic value of the temperature-stratified hot water
storage tank, as the index (a region where the R value
is equal to or less than a predetermined value). The tem-
perature stratification by the high-temperature water in
the upper portion of the hot water storage tank is thereby
maintained, so that high-temperature water having a giv-
en temperature or more can be always spouted to a load
side at the time of spouting. Therefore, at the initiation of
the heat retaining operation (the additional boiling oper-
ation), the influences on the temperature stratification in
the hot water storage tank and the COP of the heat source
machine can be respectively minimized. The high-tem-
perature water can be stably spouted to the load side,
and a high COP can be maintained for the heat source
machine.

{Advantageous Effects of Invention}

[0019] In accordance with the hot water supply system
and the control method thereof according to the present
invention, at the initiation of the heat retaining operation,
the warm water having a low temperature spouted from
the heat source machine is bypassed to the low-temper-
ature water system via the bypass circuit, and is mixed
with the low-temperature water in the low-temperature
water system without forming stratification in the region
having a large R value. Accordingly, a temperature in-
crease in the low-temperature water system is sup-
pressed, and mixture of the warm water having a low
temperature into the high-temperature water in the upper
portion of the hot water storage tank is prevented so as
to avoid a disturbance of the temperature stratification.
On the other hand, the warm water bypassed to the by-
pass circuit side is switched to the hot water storage tank
side by using the R value, which is the mixture charac-
teristic value of the temperature-stratified hot water stor-
age tank, as the index (the region where the R value is
equal to or less than a predetermined value). The tem-
perature stratification by the high-temperature water in
the upper portion of the hot water storage tank is thereby
maintained, so that the high-temperature water having a
given temperature or more can be always spouted to the
load side at the time of spouting. Therefore, at the initi-
ation of the heat retaining operation, the influences on
the temperature stratification in the hot water storage
tank and the COP of the heat source machine can be
respectively minimized. The high-temperature water can
be stably spouted to the load side, and a high COP can
be maintained for the heat source machine.
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{Brief Description of Drawings}
[0020]

{Fig. 1} Fig. 1 is a system configuration diagram of
a hot water supply system according to one embod-
iment of the present invention.

{Fig. 2} Figs. 2 are explanatory views illustrating a
state of startup of the hot water supply system.
{Fig. 3} Fig. 3is an explanatory view illustrating char-
acteristics when warm water flows into water in a hot
water storage tank.

{Fig. 4} Figs. 4 are views illustrating a relationship
between an inflow temperature and an R value when
water spouted from a heat source machine flows into
a hotwater storage tank where high-temperature wa-
teris stored in an upper portion and low-temperature
water is stored in a lower portion from the top, and
when the water flows into the hot water storage tank
from the bottom.

{Description of Embodiments}

[0021] In the following, one embodiment of the present
invention is described by reference to Figs. 1 to 4.
[0022] Fig. 1 shows a system configuration diagram of
a hot water supply system according to one embodiment
of the present invention.

[0023] In a hot water supply system 1 of the present
embodiment, a supercritical cycle heat pump using a
CO2 refrigerant is used as a heat source machine 2 as
an example. The heat source machine 2 is not limited to
the heat pump of the present embodiment, and, of
course, may be other components such as a boiler and
a fuel cell.

[0024] The heat pump-type heat source machine (the
heat source machine) 2 includes a closed-cycle refriger-
ant circuit 9 in which a compressor 3, a water/refrigerant
heat exchanger (a gas cooler) 4, a decompressing
means 5, and an evaporator 7 are sequentially connected
through a refrigerant pipe 8. The compressor 3 com-
presses a refrigerant. The water/refrigerant heat ex-
changer 4 functions as a gas cooler, and performs heat
exchange between the refrigerant and water. The de-
compressing means 5 is composed of an electronic ex-
pansion valve or the like for decompressing the refriger-
ant. The evaporator 7 evaporates the refrigerant by heat
exchange with outside air drawn by a fan 6. While the
heat pump-type heat source machine 2 is the supercrit-
ical cycle heat pump filled with the CO2 refrigerant as a
working medium, a known technique may be used as the
heat pump itself.

[0025] The water/refrigerant heat exchanger (the gas
cooler) 4 generates high-temperature water by perform-
ing heat exchange between a high-temperature and high-
pressure refrigerantgas flowing through a refrigerant flow
channel 4A, and water flowing through a water flow chan-
nel 4B. The refrigerant gas flowing through the refrigerant
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flow channel 4A, and the water flowing through the water
flow channel 4B flow in a countercurrent manner to be
heat-exchanged.

[0026] On the other hand, a hot water supply unit 10
includes a hot water storage tank 11 with a required vol-
ume that stores warm water produced in the heat pump-
type heat source machine 2, and a water circuit 12 that
conveys water to the water flow channel 4B of the wa-
ter/refrigerant heat exchanger 4 of the heat pump-type
heat source machine 2 via the hot water storage tank 11.
The hot water storage tank 11 is configured to store water
so as to form temperature stratification by removing and
supplying low-temperature water from a bottom portion
ofthe tank to the heat source machine 2, and sequentially
supplying high-temperature water produced in the heat
pump-type heat source machine 2 from an upper portion
of the tank.

[0027] The hotwater storage tank 11 may be also com-
posed of a plurality of relatively small tanks with a small
volume connected in series with each other through a
connection pipe. In this case, a hot water storage tank,
to which a high-temperature water pipe leading from the
heat source machine 2 is connected, is employed as a
most upstream tank. A hot water spout pipe leading to a
load side is connected to an upper portion of the hot water
storage tank, and a bottom portion of the hot water stor-
age tank and an upper portion of a downstream hot water
storage tank are connected through a connection pipe.
The plurality of hot water storage tanks are thereby se-
quentially connected in series. A low-temperature water
pipe leading to the heat source machine 2, and a water
supply pipe are connected to a bottom portion of a most
downstream hot water storage tank. A known technique
may be employed as the hot water storage tank 11.
[0028] The water circuit 12 includes a low-temperature
water pipe 13, a water pump 14, a high-temperature wa-
ter pipe 15, a water supply pipe 16, a hot water spout
pipe 17, a bypass pipe 18, a thermostatic mixing valve
19, and an air vent 20. The low-temperature water pipe
13 supplies the low-temperature water from the bottom
portion of the hot water storage tank 11 to the water flow
channel 4B of the water/refrigerant heat exchanger 4.
The water pump 14 is provided in the low-temperature
water pipe 13. The high-temperature water pipe 15 sup-
plies the high-temperature water generated in the wa-
ter/refrigerant heat exchanger 4 to the upper portion of
the hot water storage tank 11. The water supply pipe 16
supplies water to the hot water storage tank 11. The hot
water spout pipe 17 spouts the high-temperature water
stored in the hot water storage tank 11 to the load side.
The bypass pipe 18 is provided between the water supply
pipe 16 and the hot water spout pipe 17. The thermostatic
mixing valve 19 mixes the water from the bypass pipe 18
and the high-temperature water from the hot water stor-
agetank 11 to obtain warm water having a predetermined
temperature, and supplies the warm water to the load
side. The air vent 20 discharges air mixed into the water
circuit 12 to the outside.
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[0029] A plurality of temperature sensors 21A, 21B,
and 21N are also provided in the hot water storage tank
11 along its vertical direction. Out of the plurality of tem-
perature sensors 21A, 21B, and 21N, the temperature
sensor 21A is a first temperature sensor provided at a
100% storage position, the temperature sensor 21B is a
second temperature sensor provided at, for example, a
60% storage position, and the temperature sensor 21N
is a third temperature sensor provided at, for example, a
20% storage position. The detection values of the re-
spective temperature sensors 21A, 21B, and 21N are
input to a control unit 22. The number of the temperature
sensors is not limited to three, and two to N temperature
sensors may be provided at an appropriate interval.
[0030] The control unit 22 controls a warm water pro-
duction capacity to produce high-temperature water hav-
ing a settemperature by controlling the rotational speeds
of the compressor 3 of the heat pump-type heat source
machine 2 and the water pump 14 based on the detection
values of temperature sensors 23 and 24 installed in the
low-temperature water pipe 13 and the high-temperature
water pipe 15 during the operation of the hot water supply
system 1. The control unit 22 also performs control to
stop the operations of the heat pump-type heat source
machine 2 and the water pump 14 to perform a so-called
boiling operation and additional boiling operation based
on the detection values of the temperature sensors 21A,
21B, and 21N during the operation of the hot water supply
system 1.

[0031] In the hot water supply system 1 as described
above, the high-temperature water having a set temper-
ature is stored in the hot water storage tank 11 up to the
100% storage position by performing the boiling opera-
tion at nighttime by use of midnight power thatis generally
inexpensive. The high-temperature water is consumed
by spouting the high-temperature water to the load side
through the hot water spout pipe 17 during a consumption
period. However, when the temperature of the high-tem-
perature water in the hot water storage tank 11 is lowered
by natural heat dissipation or heat transfer with the high-
temperature water left after completion of the boiling op-
eration, or when the amount of the high-temperature wa-
ter becomes insufficient by consuming the high-temper-
ature water, a heat retaining operation (the additional
boiling operation) is performed according to need.
[0032] Moreover,inthe above hotwater supply system
1, the water pump 14 is started first, and the rotational
speed is gradually increased so as to discharge the water
in the water circuit 12 to the outside at the time of oper-
ation initiation (startup) as shown in Fig. 2A. After that,
the compressor of the heat pump-type heat source ma-
chine 2 is delay-started, and the rotational speed is in-
creased to a target value as shown in Fig. 2B. Accord-
ingly, the spouting temperature from the heat pump-type
heat source machine 2 is gradually increased, and reach-
es a target temperature as shown in Fig. 2C. When warm
water having a low temperature spouted from the heat
pump-type heat source machine 2 immediately after the
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initiation of the heat retaining operation (the additional
boiling operation) as described above directly flows into
the hot water storage tank 11, the temperature stratifica-
tion of the high-temperature water stored therein is dis-
turbed.

[0033] Thus, a three-way switch valve (a switch valve)
25is provided in the high-temperature water pipe 15lead-
ing from the heat source machine 2 such that the warm
water having a low temperature spouted from the heat
source machine 2 can be bypassed to the water supply
pipe 16 via the three-way switch valve (the switch valve)
25 and a bypass circuit 26. The bypass circuit 26 may
be also connected to a low-temperature water region in
a lower portion of the hot water storage tank 11, or the
upstream side of the water pump 14 in the low-temper-
ature water pipe 13 leading from the hot water storage
tank 11 to the heat source machine 2.

[0034] Switching of the three-way switch valve 25 from
the bypass circuit 26 to the hot water storage tank 11 is
not performed simply by detecting that the temperature
of the warm water reaches a set temperature. Instead, a
valve control section 27 is provided in the control unit 22
such that the three-way switch valve 25 is switched to
the hot water storage tank 11 by using an R value, which
is a mixture characteristic value for determining the for-
mation of the temperature stratification in the tempera-
ture-stratified hot water storage tank 11, as an index.
[0035] Thatis, the R value is a characteristic value ob-
tained when hot water is caused to flow into water in the
tank from the upper portion as shown in Fig. 3. The R
value is calculated by the following expression (1) indi-
cating the ratio of a complete mixture region depth L to
adepth Lo of the temperature-stratified hot water storage
tank 11. The complete mixture region depth L is calcu-
lated by the following expression (2).

R=L/Lo (1)

L=m-Ar ?-°-ds (2)

where m is the parameter depending on a pipe connec-
tion structure (for example, in the case of a circular pipe
horizontal connection type, the parameter is 0.7, in the
case of a circular pipe vertical connection type, the pa-
rameter is 1.3, and in the case of a horizontal disk (baffle
plate) type, the parameter is 1.8), Ar is the Archimedes
number, and ds is the pipe diameter or the distance be-
tween disks.

[0036] The Archimedes number Aris expressed by the
following expression (3).

Ar=ds-g- |po-p|/p-1/u? (3)

where g is the gravitational acceleration (m/s2), p is the

10

15

20

25

30

35

40

45

50

55

inflowing low-temperature water density (kg/m3), po is
the water temperature density in the hot water storage
tank (kg/m3), and u is the water entrance flow velocity
(m/s) (u=f/A(f is the flow rate (m3/s), and A is the tank
inlet sectional area (m2)).

[0037] When the R value is large, the inflowing water
is mixed with the water in the tank. When the R value is
small, 0.4 or less, the inflowing water is not mixed with
the water in the tank, and forms the temperature stratifi-
cation.

[0038] In the present embodiment, as shown in Figs.
4, the high-temperature water of, for example, 80°C is
stored in the upper portion of the hot water storage tank
11, and the low-temperature water of, for example, 10°C
is stored in the lower portion. In this state, the low-tem-
perature water in the lower portion is supplied to the heat
source machine 2 at the initiation of the heat retaining
operation (the additional boiling operation). When the
warm water spouted from the heat source machine 2 has
a low temperature, the warm water is caused to flow into
the low-temperature water region of the hot water storage
tank 11 from the lower portion via the bypass circuit 26.
The three-way switch valve 25 is switched at a point
where an R value of a case in which the warm water is
caused to flow into the hot water storage tank 11 from
the lower portion, and an R value of a case in which the
warm water is caused to flow into the hot water storage
tank 11 from the upper portion cross each other as shown
in Fig. 4B by using an R value, which is a mixture char-
acteristic value of the temperature-stratified hot water
storage tank 11 based on the temperature of the warm
water spouted from the heat source machine 2, as an
index.

[0039] Because of the configuration described above,
the following effects are produced by the present embod-
iment.

[0040] In the above hot water supply system 1 and a
control method thereof, the heat pump-type heat source
machine 2 and the water pump 14 are operated to convey
the high-temperature and high-pressure refrigerant gas
to the refrigerant flow channel 4A of the water/refrigerant
heat exchanger (the gas cooler) 4, and convey the low-
temperature water from the hot water storage tank 11 to
the water flow channel 4B. The high-temperature and
high-pressure refrigerant gas and the low-temperature
water are thereby heat-exchanged with each other to
heat the low-temperature water by the high-temperature
and high-pressure refrigerant gas. Accordingly, the high-
temperature water can be generated. By supplying the
high-temperature water to the upper portion of the hot
water storage tank 11, and sequentially storing the high-
temperature water so as to form the temperature strati-
fication, the high-temperature water can be stored in a
required amount.

[0041] As for the storage amount of the high-temper-
ature water, it can be determined that the warm water
having a set temperature (e.g., 80°C) has been stored
up to the installation positions of the plurality of temper-
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ature sensors 21N, 21B, and 21A provided along the ver-
tical direction of the hot water storage tank 11 when the
temperature sensors sequentially detect the set temper-
ature (80°C). When the first temperature sensor 21A pro-
vided at the 100% storage position detects the set tem-
perature, the boiling is determined to be completed. The
operations of the heat pump-type heat source machine
2 and the water pump 14 are thereby stopped.

[0042] After completion of the boiling, the system as-
sumes a heat retention state. When the temperature of
the warm water is lowered to a set temperature by natural
heat dissipation or heat transfer from the upper portion
to the lower portion of the tank, the heat retaining oper-
ation (the additional boiling operation) is performed. At
this point, the compressor 3 of the heat source machine
2 is delay-started at the initiation of the heat retaining
operation, and the temperature of the warm water spout-
ed from the heat source machine 2 remains low until the
rotational speedreaches atarget speed as shownin Figs.
2. Thus, the valve control section 27 of the control unit
22 switches the three-way switch valve 25 to the bypass
circuit 26 so as to bypass the warm water having a low
temperature to a low-temperature water system. The
warm water is thereby bypassed to the low-temperature
water region in the lower portion of the hot water storage
tank 11 through the water supply pipe 16. Accordingly,
the warm water having a low temperature is prevented
from flowing into the high-temperature water in the upper
portion of the hot water storage tank 11.

[0043] Sincethe warm water having a low temperature
bypassed to the low-temperature water region in the low-
er portion of the hot water storage tank 11 has a low
temperature, and has a large R value, the warm water is
mixed well with the water in the hot water storage tank
11 without forming stratification, and suppresses a tem-
perature increase in the low-temperature water region
as much as possible. On the other hand, the temperature
of the warm water spouted from the heat source machine
2 increases over time after the operation initiation as
shown in Fig. 2C. In the present embodiment, the tree-
way switch valve 25 is switched to the hot water storage
tank 11 at the point where the R value of the case in
which the warm water is caused to flow into the hot water
storage tank 11 from the lower portion, and the R value
of the case in which the warm water is caused to flow
into the hot water storage tank 11 from the upper portion
cross each other as shown in Fig. 4B by using the R
value, which is the mixture characteristic value of the
temperature-stratified hot water storage tank 11 based
on the temperature of the warm water, as the index. The
warm water spouted from the heat source machine 2 is
thereby caused to flow into the upper portion of the hot
water storage tank 11. Although the three-way switch
valve 25 is preferably switched before the initiation of the
spouting temperature control as shown in Figs. 2, the
present invention is not limited thereto. The three-way
switch valve 25 may be also switched after the initiation
of the spouting temperature control.
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[0044] As described above, in the present embodi-
ment, at the initiation of the heat retaining operation (the
additional boiling operation), the warm water having a
low temperature spouted from the heat source machine
2 is bypassed to the low-temperature water system via
the bypass circuit 26, and is mixed with low-temperature
water in the low-temperature water system without form-
ing stratification in a region having a large R value. Ac-
cordingly, a temperature increase in the low-temperature
water system is suppressed, and mixture of the warm
waterhaving alow temperature into the high-temperature
water in the upper portion of the hot water storage tank
11 is prevented so as to avoid a disturbance of the tem-
perature stratification. On the other hand, the warm water
bypassed to the bypass circuit 26 by the three-way switch
valve 25 is switched to the hot water storage tank 11 by
using the R value, which is the mixture characteristic val-
ue of the temperature-stratified hot water storage tank
11, as the index (a region where the R value is equal to
or less than a predetermined value). The temperature
stratification by the high-temperature water in the upper
portion of the hot water storage tank 11 is thereby main-
tained, so that high-temperature water having a given
temperature or more can be always stably spouted to the
load side at the time of spouting.

[0045] That is, immediately after the initiation of the
heat retaining operation (the additional boiling opera-
tion), the temperature of the warm water spouted from
the heat pump-type heat source machine 2 is low, and
the warm water having a low temperature from the heat
source machine 2 and the low-temperature water in the
low-temperature water system are mixed together with-
out forming stratification in the region having a large R
value. Thus, a temperature increase in the low-temper-
ature water system can be minimized. On the other hand,
the switch valve 25 is switched at a point where the above
R value, and an R value obtained when the temperature
of the warm water spouted from the heat source machine
2 increases high enough to form the temperature strati-
fication without being mixed with the high-temperature
water in the hot water storage tank 11 cross each other.
The warm water spouted from the heat source machine
2 is thereby caused to flow into the upper portion of the
hot water storage tank 11, so that a disturbance of the
temperature stratification can be avoided.

[0046] Therefore, the switch valve 25 can be switched
at a timing at which the influence caused when the warm
water having a low temperature spouted from the heat
source machine 2 is caused to flow into the hot water
storage tank 11 from the upper portion, and the influence
caused when the warm water is caused to flow into the
hot water storage tank 11 from the lower portion can be
minimized at the initiation of the heat retaining operation
(the additional boiling operation). Accordingly, the high-
temperature water can be stably spouted to the load side
while maintaining the temperature stratification by the
high-temperature water in the upper portion of the hot
water storage tank 11. A decrease in efficiency on the
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heat source machine side caused when the low-temper-
ature water whose temperature has been increased is
supplied to the heat source machine 2 can be also pre-
vented, so that a high COP can be maintained for the
heat source machine 2.

[0047] The bypass circuit 26 leading from the three-
way switch valve 25 is connected to any one of the water
supply pipe 16 leading to the hot water storage tank 11,
the low-temperature water region in the lower portion of
the hot water storage tank 11, and the low-temperature
water pipe 13 leading from the hot water storage tank 11
to the heat source machine 2, which constitute the low-
temperature water system. The warm water having a low
temperature spouted from the heat source machine 2 is
injected into and mixed with the low-temperature water
in any one of the water supply pipe 16 leading to the hot
water storage tank 11, the low-temperature water region
in the lower portion of the hot water storage tank 11, and
the low-temperature water pipe 13 leading from the lower
portion of the hot water storage tank 11. A temperature
increase in the low-temperature water system can be
thereby suppressed. Accordingly, a decrease in efficien-
cy caused when the low-temperature water having a high
temperature is supplied to the water/refrigerant heat ex-
changer 4 in the heat source machine 2, particularly, the
heat pump-type heat source machine 2, is suppressed,
so that a high COP can be maintained for the heat source
machine 2.

[0048] The presentinventionis notlimited to the above
embodiment, and may be changed as appropriate with-
out departing from the scope of the invention as defined
by the claims. For example, in the above embodiment, a
two-stage compression-type heat pump machine may be
employed as the heat pump-type heat source machine
2 so as to improve the capacity, and an instant hot water
supply-type unit may be employed as the hot water sup-
ply unit 10. Although the example of using the three-way
switch valve as the switch valve 25 is described in the
above embodiment, the switch valve 25 is not limited
thereto. The three-way switch valve may be replaced by
two electromagnetic valves.

{Reference Signs List}
[0049]

1 Hot Water Supply System

2 Heat Pump-type Heat Source Machine (Heat
Source Machine)

10  Hot Water Supply Unit

11 Hot Water Storage Tank

12 Water Circuit

13  Low-Temperature Water Pipe

14  Water Pump

15  High-Temperature Water Pipe

16  Water Supply Pipe

22 Control Unit

25  Switch Valve

($]
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26
27

Bypass Circuit
Valve Control Section

Claims

1.

A hot water supply system (1) comprising:

a heat source machine (2) that heats low tem-
perature water to produce high temperature wa-
ter and that spouts the high temperature water,
a low temperature water pipe (13) and a high
temperature water pipe (15),

at least one hot water storage tank (11) that is
connected to the heat source machine (2)
through the low temperature water pipe (13) and
the high temperature water pipe (15), and se-
quentially stores the high temperature water
produced in the heat source machine (2) while
forming temperature stratification from an upper
portion side, and configured to maintain a set
temperature after completion of storage of high
temperature water having the set temperature
in the hot storage tank (11),

the system further comprising

a low-temperature water system including a wa-
ter supply pipe (16) leading to the hot water stor-
age tank (11),

a switch valve (25) provided in the high temper-
ature water pipe (15),

a bypass circuit (26) that is connected to the low-
temperature water system and to the switch valve
(25) so as to bypass high temperature water spouted
from the heat source machine (2) to the low temper-
ature water system by the switch valve (25) when
the high temperature water has a low temperature
atinitiation of a heat retaining operation for maintain-
ing the high temperature water stored in the hot water
storage tank (11) at a given temperature; and

a valve control section (27) configured to switch the
switch valve (25) to direct high temperature water
spouted from the heat source machine (2) either to
the high temperature pipe (15) or to the bypass circuit
(26),

the hot water supply system being characterized in
that the valve control section (27) is configured to
switch the switch valve (25) on the basis of an R
value, the R value being a mixture characteristic val-
ue for determining the formation of the temperature
stratification in the temperature stratified hot water
storage tank (11) and calculated by the formula
R=L/Lo, indicating the ratio of a complete mixture
region depth (L) to a depth Lo of the temperature
stratified hot storage tank (11), wherein L=m x Ar-0-5
x ds, where m is the parameter depending on a pipe
connection structure, Ar is the Archimedes number,
and ds is the pipe diameter.
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The hot water supply system according to claim 1,
wherein the bypass circuit (26) is connected to any
one of the water supply pipe (16) leading to the hot
water storage tank (11), a low-temperature water re-
gion in a lower portion of the hot water storage tank
(11), and the low-temperature water pipe (13) lead-
ing from the hot water storage tank (11) to the heat
source machine (2) which constitute the low temper-
ature water system.

The hot water supply system according to claim 1 or
2, wherein the valve control section (27 is configured
to switch the switch valve (25) at a point where an
R value of a case in which the high temperature water
having a low temperature spouted from the heat
source machine (2) is caused to flow into the hot
water storage tank (11) from the lower portion, and
an R value of a case in which the high temperature
water is caused to flow into the hot water storage
tank (11) from the upper portion match each other
in a state in which low-temperature water is stored
in the lower portion of the hot water storage tank
(11), and high-temperature water having a set tem-
perature is stored in the upper portion.

A method for controlling a hot water supply system
(1) comprising:

a heat source machine (2) that heats low tem-
perature water to produce high temperature wa-
ter and that spouts the high temperature water,
a low temperature water pipe (13) and a high
temperature water pipe (15), at least one hot
water storage tank (11) that is connected to the
heat source machine (2) through the low tem-
perature water pipe (13) and the high tempera-
ture water pipe (15), and sequentially stores the
high temperature water produced in the heat
source machine (2) while forming temperature
stratification from an upper portion side, and
maintains a set temperature after completion of
storage of high temperature water having the
set temperature in the hot water storage tank
(11), a low temperature water system including
a water supply pipe (16) leading to the hot water
storage tank (11), a switch valve (25) provided
in the high temperature water pipe (15), and a
bypass circuit (26) that is connected to the low-
temperature water system and to the switch
valve (25) so as to bypass high temperature wa-
ter spouted from the heat source machine (2) to
the low temperature water system by the switch
valve (25) when the high temperature water has
alow temperature at initiation of a heat retaining
operation for maintaining the high temperature
water stored in the hot water storage tank (11)
at a given temperature, and a valve control sec-
tion (27) configured to switch the switch valve
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(25) to direct high temperature water spouted
from the heat source machine (2) either to the
high temperature pipe (15) or to the bypass cir-
cuit (26), the method being characterized by
comprising: directing an outflow of the spouted
high temperature water either to the high-tem-
perature water pipe (15) or to the bypass circuit
(26) by switching the switch valve (25) on the
basis of an R-value which is a mixture charac-
teristic value for determining the formation of the
temperature stratification in the temperature
stratified hot water storage tank (11) and calcu-
lated by the formula R=L/Lo, indicating the ratio
of a complete mixture region depth (L) to a depth
Lo of the temperature stratified hot storage tank
(11), wherein L=m x Ar-0-5 x ds, where m is the
parameter depending on a pipe connection
structure, Ar is the Archimedes number, and ds
is the pipe diameter.

Patentanspriiche

Warmwasserversorgungssystem (1), umfassend:

eine Warmequellenmaschine (2), die Niedrig-
temperaturwasser erwarmt, um Hochtempera-
turwasser zu erzeugen, und die das Hochtem-
peraturwasser ausgibt,

ein Niedrigtemperaturwasserrohr (13) und ein
Hochtemperaturwasserrohr (15),

mindestens einen Warmwasserspeichertank
(11), der Gber das Niedrigtemperaturwasserrohr
(13) und das Hochtemperaturwasserrohr (15)
mit der Warmequellenmaschine (2) verbunden
istund sequenziell dasin der Warmequellenma-
schine (2) erzeugte Hochtemperaturwasser
speichert, wahrend er eine Temperaturstratifi-
zierung von der Seite eines hoher liegenden Ab-
schnitts her bildet, und dafiir konfiguriertist, eine
Solltemperatur aufrecht zu erhalten, nachdem
die Speicherung von Hochtemperaturwasser,
das die Solltemperatur aufweist, in dem Warm-
wasserspeichertank (11) abgeschlossen ist,

wobei das System ferner umfasst:

ein Niedrigtemperaturwassersystem, das ein
Wasserzuleitungsrohr (16) enthalt, das zu dem
Warmwasserspeichertank (11) flhrt,

ein Umschaltventil (25), das in dem Hochtem-
peraturwasserrohr (15) angeordnet ist,

einen Umgehungskreis (26), der mit dem Nied-
rigtemperaturwassersystem und dem Um-
schaltventil (25) verbunden ist, um aus der War-
mequellenmaschine (2) abgegebenes Hoch-
temperaturwasser mittels des Umschaltventils
(25) zum Niedrigtemperaturwassersystem vor-
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beizufiihren, wenn das Hochtemperaturwasser
beim Starten einer Warmeaufrechterhaltungso-
peration zum Halten des in dem Warmwasser-
speichertank (11) gespeicherten Hochtempera-
turwassers auf einer gegebenen Temperatur,
eine niedrige Temperatur hat, und

eine Ventilsteuerungssektion (27), die dafir
konfiguriert ist, das Umschaltventil (25) umzu-
schalten, um aus der Warmequellenmaschine
(2) abgegebenes Hochtemperaturwasser ent-
weder zu dem Hochtemperaturrohr (15) oder zu
dem Umgehungskreis (26) zu leiten,

wobei das Warmwasserversorgungssystem da-
durch gekennzeichnet ist, dass die Ventil-
steuerungssektion (27) dafiir konfiguriert ist,
das Umschaltventil (25) auf der Basis eines R-
Wertes umzuschalten, wobei der R-Wert ein
Gemischkennwert zum Bestimmen der Bildung
der Temperaturstratifizierung in dem tempera-
turstratifizierten Warmwasserspeichertank (11)
ist und durch die Formel R = L/Lo berechnet
wird, die das Verhaltnis einer vollstdndigen Ge-
mischregionstiefe (L) zu einer Tiefe Lo des tem-
peraturstratifizierten Warmwasserspeicher-
tanks (11) angibt, wobei L = m-Ar-0.5-ds, wobei
m der Parameter ist, der von einer Rohrverbin-
dungsstruktur abhéngig ist, Ar die Archimedes-
Zahl ist, und ds der Rohrdurchmesser ist.

Warmwasserversorgungssystem nach Anspruch 1,
wobei der Umgehungskreis (26) mit einem beliebi-
gen des Wasserzuleitungsrohrs (16), das zu dem
Warmwasserspeichertank (11) fiihrt, einer Niedrig-
temperaturwasserregion in einem tiefer liegenden
Abschnitt des Warmwasserspeichertanks (11) und
des Niedrigtemperaturwasserrohrs (13), das von
dem Warmwasserspeichertank (11) zu der Warme-
quellenmaschine (2) fuhrt, die das Niedrigtempera-
turwassersystem bilden, verbunden ist.

Warmwasserversorgungssystem nach Anspruch 1
oder 2, wobei die Ventilsteuerungssektion (27) dafiir
konfiguriert ist, das Umschaltventil (25) an einem
Punkt umzuschalten, wo ein R-Wert in einem Fall,
in dem bewirkt wird, dass das Hochtemperaturwas-
ser, das miteiner niedrigen Temperatur aus der War-
mequellenmaschine (2) abgegeben wird, von dem
tiefer liegenden Abschnitt in den Warmwasserspei-
chertank (11) flieRt, und ein R-Wert in einem Fall, in
dem bewirkt wird, dass das Hochtemperaturwasser
von dem héher liegenden Abschnitt in den Warm-
wasserspeichertank (11) flief3t, in einem Zustand
miteinander Gbereinstimmen, in dem Niedrigtempe-
raturwasser in dem tiefer liegenden Abschnitt des
Warmwasserspeichertanks (11) gespeichert wird
und Hochtemperaturwasser, das eine Solltempera-
tur aufweist, in dem héher liegenden Abschnitt ge-
speichert wird.

10

15

20

25

30

35

40

45

50

55

10

4. Verfahren zum Steuern eines Warmwasserversor-

gungssystems (1), umfassend:

eine Warmequellenmaschine (2), die Niedrig-
temperaturwasser erwarmt, um Hochtempera-
turwasser zu erzeugen, und die das Hochtem-
peraturwasser ausgibt, ein Niedrigtemperatur-
wasserrohr (13) und ein Hochtemperaturwas-
serrohr (15), mindestens einen Warmwasser-
speichertank (11), der mit der Warmequellen-
maschine (2) Uber das Niedrigtemperaturwas-
serrohr (13) und das Hochtemperaturwasser-
rohr (15) verbunden ist und sequenziell das in
der Warmequellenmaschine (2) erzeugte Hoch-
temperaturwasser speichert, wahrend er eine
Temperaturstratifizierung von der Seite eines
héher liegenden Abschnitts her bildet, und eine
Solltemperatur aufrecht erhalt, nachdem die
Speicherung von Hochtemperaturwasser, das
die Solltemperatur aufweist, in dem Warmwas-
serspeichertank (11) abgeschlossen ist, ein
Niedrigtemperaturwassersystem, das ein Was-
serzuleitungsrohr (16) enthalt, das zu dem
Warmwasserspeichertank (11) fihrt, ein Um-
schaltventil (25), das in dem Hochtemperatur-
wasserrohr (15) angeordnet ist, und einen Um-
gehungskreis (26), der mit dem Niedrigtempe-
raturwassersystem und dem Umschaltventil
(25) verbunden ist, um aus der Warmequellen-
maschine (2) abgegebenes Hochtemperatur-
wasser mittels des Umschaltventils (25) zum
Niedrigtemperaturwassersystem vorbeizufiih-
ren, wenn das Hochtemperaturwasser bei Initi-
ierung einer Warmeaufrechterhaltungsoperati-
on zum Halten des in dem Warmwasserspei-
chertank (11) gespeicherten Hochtemperatur-
wassers auf einer gegebenen Temperatur, eine
niedrige Temperatur hat, und eine Ventilsteue-
rungssektion (27), die daflr konfiguriert ist, das
Umschaltventil (25) umzuschalten, um aus der
Warmequellenmaschine (2) abgegebenes
Hochtemperaturwasser entweder zu dem
Hochtemperaturrohr (15) oder zu dem Umge-
hungskreis (26) zu leiten, wobei das Verfahren
dadurch gekennzeichnet ist, dass es um-
fasst: Leiten eines Abflusses des abgegebenen
Hochtemperaturwassers entweder zu dem
Hochtemperaturwasserrohr (15) oder zu dem
Umgehungskreis (26) durch Umschalten des
Umschaltventils (25) auf der Basis eines R-Wer-
tes, der ein Gemischkennwert zum Bestimmen
der Bildung der Temperaturstratifizierung in
dem temperaturstratifizierten Warmwasser-
speichertank (11) ist und durch die Formel R =
L/Lo berechnet wird, die das Verhaltnis einer
vollstandigen Gemischregionstiefe (L) zu einer
Tiefe Lo des temperaturstratifizierten Warm-
wasserspeichertank (11) angibt, wobei L =
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m-Ar-0.5-ds, wobei m der Parameter ist, der von
einer Rohrverbindungsstruktur abhangig ist, Ar
die Archimedes-Zahl ist, und ds der Rohrdurch-
messer ist.

Revendications

Systeme dalimentation en eau chaude (1)
comportant :

une machine de source de chaleur (2) qui chauf-
fe de I'eau a basse température pour produire
de I'eau a haute température et qui délivre de
I'eau a haute température,

une conduite d’eau a basse température (13) et
une conduite d’eau a haute température (15),
au moins une cuve de stockage d’eau chaude
(11) qui est reliée a la machine de source de
chaleur (2) par l'intermédiaire de la conduite
d’eau abasse température (13) et de la conduite
d’eau a haute température (15), et stocke de
maniere séquentielle de I'eau a haute tempéra-
ture produite dans la machine de source de cha-
leur (2) tout en formant une stratification de tem-
pérature depuis un coété de partie supérieure, et
configurée pour maintenir une température de
consigne apres la fin du stockage de I'eau a hau-
te température ayant la température de consi-
gne dans la cuve de stockage chaud (11),

le systéme comportant en outre :

un systéme d’eau a basse température compre-
nant une conduite d’alimentation en eau (16)
menant a la cuve de stockage d’eau chaude
(1),

une soupape de commutation (25) prévue dans
la conduite d’eau a haute température (15),

un circuit de dérivation (26) qui est relié au sys-
teme d’eau a basse température et ala soupape
de commutation (25) de fagon a détourner de
I'eau a haute température qui sort de la machine
de source de chaleur (2) vers le systeme d’eau
a basse température grace a la soupape de
commutation (25) quand I'eau a haute tempé-
rature a une basse température au début d’'une
opération de conservation de la chaleur pour
maintenir I'eau a haute température stockée
dans la cuve de stockage d’eau chaude (11) a
une température donnée ; et

une section de commande de soupape (27) con-
figurée pour commuter la soupape de commu-
tation (25) pour diriger de I'eau a haute tempé-
rature qui sort de la machine de source de cha-
leur (2) vers la conduite a haute température
(15) ou le circuit de dérivation (26),

le systéme d’alimentation en eau chaude étant
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1"

caractérisé en ce que

la section de commande de soupape (27) est
configurée pour commuter la soupape de com-
mutation (25) sur la base d’une valeur R, la va-
leur R étant une valeur caractéristique de mé-
lange pour déterminer la formation de la strati-
fication de température dans la cuve de stocka-
ge d’eau chaude stratifiee en température (11)
et calculée par la formule R = L/Lo, indiquant le
rapport d’'une profondeur de zone de mélange
complet (L) sur une profondeur Lo de la cuve de
stockage chaud stratifiée en température (11),
dans laquelle L = m x Ar0.5 x ds, ol m est le
parametre dépendant d’'une structure de con-
nexion de tuyau, Ar est le nombre d’Archiméde,
et ds est le diamétre de conduite.

Systeme d’alimentation en eau chaude selon la re-
vendication 1, dans lequel le circuit de dérivation (26)
est relié a n'importe lequel de la conduite d’alimen-
tation en eau (16) menant a la cuve de stockage
d’eau chaude (11), d’'une zone d’eau a basse tem-
pérature dans une partie inférieure de la cuve de
stockage d’eau chaude (11), et de la conduite d’eau
a basse température (13) menant de la cuve de stoc-
kage d’eau chaude (11) a la machine de source de
chaleur (2) qui constituent le systéme d’eau a basse
température.

Systeme d’alimentation en eau chaude selon la re-
vendication 1 ou 2, dans lequel la section de com-
mande de soupape (27 est configurée pour commu-
ter la soupape de commutation (25) a un point ou
une valeur R d’'un cas dans lequel I'eau a haute tem-
pérature ayant une basse température sortde lama-
chine de source de chaleur (2) estamenée a s’écou-
ler dans la cuve de stockage d’eau chaude (11) de-
puis la partie inférieure, et une valeur R d’'un cas
dans lequel I'eau a haute température est amenée
a s’écouler dans la cuve de stockage d’eau chaude
(11) depuis la partie supérieure correspondent 'une
avecl'autre dans un étatdanslequel del'eau abasse
température est stockée dans la partie inférieure de
la cuve de stockage d’eau chaude (11), et de I'eau
a haute température ayant une température de con-
signe est stockée dans la partie supérieure.

Procédé destiné acommander un systeme d’alimen-
tation en eau chaude (1) comportant :

une machine de source de chaleur (2) qui chauf-
fe de I'eau a basse température pour produire
de l'eau a haute température et qui délivre de
I'eau a haute température, une conduite d’eau
a basse température (13) et une conduite d’eau
a haute température (15), au moins une cuve
de stockage d’eau chaude (11) qui est reliée a
la machine de source de chaleur (2) par I'inter-
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médiaire de la conduite d’eau a basse tempé-
rature (13) et de la conduite d’eau a haute tem-
pérature (15), et stocke de maniére séquentielle
I'eau a haute température produite dans la ma-
chine de source de chaleur (2) tout en formant
une stratification de température depuis un coté
de partie supérieure, et maintient une tempéra-
ture de consigne aprés la fin du stockage de
'eau a haute température ayant la température
de consigne dans la cuve de stockage chaud
(11), un systéme d’'eau a basse température
comprenant une conduite d’alimentation en eau
(16) menanta la cuve de stockage d’eau chaude
(11), une soupape de commutation (25) prévue
danslaconduite d’eau a haute température (15),
et un circuit de dérivation (26) qui est relié au
systéme d’eau a basse température et a la sou-
pape de commutation (25) de fagon a détourner
de I'’eau a haute température qui sort de la ma-
chine de source de chaleur (2) vers le systeme
d’eau a basse température grace a la soupape
de commutation (25) quand I'eau a haute tem-
pérature a une basse température au début
d’'une opération de conservation de la chaleur
pour maintenir 'eau a haute température stoc-
kée dans la cuve de stockage d’eau chaude (11)
a une température donnée, et une section de
commande de soupape (27) configurée pour
commuter la soupape de commutation (25) pour
diriger de I'eau a haute température qui sort de
la machine de source de chaleur (2) vers la con-
duite a haute température (15) ou le circuit de
dérivation (26), le procédé étant caractérisé en
ce qu’il comporte le fait de : diriger un écoule-
ment de sortie de I'eau a haute température qui
sort vers la conduite a haute température (15)
ou vers le circuit de dérivation (26) en commu-
tant la soupape de commutation (25) surlabase
d’une valeur R qui est une valeur caractéristique
de mélange pour déterminer la formation de la
stratification de température dans la cuve de
stockage d’eau chaude stratifiée en températu-
re (11) et calculée par la formule R = L/Lo, indi-
quant le rapport d’'une profondeur de zone de
mélange complet (L) sur une profondeur Lo de
la cuve de stockage chaud stratifiée en tempé-
rature (11), dans laquelle L = m x Ar0.5 x ds, ou
m est le paramétre dépendant d’une structure
de connexion de tuyau, Ar est le nombre d’Ar-
chiméde, et ds est le diamétre de conduite.
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FIG. 2
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