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the water heat cxcliangcr arc nnxcx( and the mixture is
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1'herefore. it is possible to use a snialler hot-water supply
tank.

30 (:laims, 4 Drawing Sheets

(Coiltiilucil)

Primliri Ezliminer Dcrck S. Boles
(74) .(iinrnri; ztgen&, or Firnl Antonclli, Terry, Stout 6
Kmsus, I I.P

iss

10



US 7,234,646 B2
Page 2

U S. PA'11(N'I'O('UMI!N'I'S

4.7')6,4 77

4.860,5(2
5.050,39fi
5 078 318
5.086,fi26

778 307
5.366,153
5.367,601
5.46(,588
6. 149,066
6.152,217
6.418,737
6.601, i i3

20040144528

A * (i(989)
A 7 8i1989
A 9 1991
A I 1992

oi(997
A "' 1993
A * I( 1994
A "'l 1994
A 'liJ995
A "' H2000
A 7 11 "2000
Bi 7 2002
B2 8"2003
Al 7 2004

.lames ......... 62i79
Beckey ........................ 62(158
Ohkoshi et al
Kawai et al
In(a ......... 62 (84
Eterrnann ...................... 62 90
Swenson....... 237 19
Hannabery .................. 392 307
Vlc(:ahtg e( al ............. 62 127
Peiry et al ................. 237 2 B
ho e( al ..................... 16( "202

K el'okl
Smtoh
Kunimoto et al.

liORIli(iN PA1 l(N'I')O(:UMHN'178

.(P

JP
JP
JP
JP
JP
JP
JP
JP
.(P

JP
.(P

JP
.(P

JP
.(P

JP
.(P

01-20f16fi (

6-3(3619
i-167(19
8-296895
09126(4i
9-3 10924

10-311(9i
11-344258

2001-263800
2001-28069)5
2001-296051
2001-29ti073

2002-39616
20(f 72-4 f140 (

2002-48420
2004i264807
2004i264808
2004 264812

fl,i(98')
i it 1994

,'1995
ll 1996
5i(997

12il997
iii(998
12 1999
9i2001

(h,i2001
loi2001
10 2001
2i2002
2,i2002
2i2002
9) 2004
9 2004
9,i2004

.(P

JP
6 (-3625fi

1-882(i
3 1986
6i1989 '" ci(cd by cxanriner



U.S. Patent Jun. 26,2007 Sheet 1 of 4 US 7,234,646 B2



U.S. Patent Jun. 26,2007 Sheet 2 of 4 US 7,234,646 B2

FIG.2

n 60

~ 50

I 4o

30

20

10

1 2 3 4 5 6 7 8 9 10 11~ TIME

23



U.S. Patent Jun. 26,2007 Sheet 3 of 4 US 7,234,646 B2

23

30

FIG. 5

23



U.S. Patent Jun. 26,2007 Sheet 4 of 4 US 7,234,646 B2



US 7,234,646 B2
1

HEAT PUMP HOT-WATER SUPPLY SYSTEM

('I(O)S Rlllilil(IIN( E I'0 Rl!I,AI IID
APE I,I('Al'ION

This application is a continuation application of U.S Ser.
No. IO/S39,213 Iilcd May 6. 2004 now IJ.S. Pat. No.
6,S74,694 which is a ihvisional apphcauon of U.S. Scr. No.
10,'35S.277. filed lich 5, 2003 now U S Pat No. 6.S37,443,
the contents of each of which are incorporated hereby by
reference.

FIELD OF THE INVENTION

1'his invention relates to a hot-water supply systenl uti-
lizing a heat pump circuit.

BACKOROUND OF THE INVENTION

As convenuonal hol-water supply systems, Ihcrc lmvc
been adopted a conlbustion-type hot-water supply systenl
and an electric water heating system. 'I'he combustion-type
hot-water supply system has no hot-water storage tank. In
this unit, a gas is burned to instantly heat up water with its
lugh combustion heat to supply hot water. On the other hmid,
lhc clcclric wdlcl'cdnng svslcni ills a targe-cafvdctty hoi-
w dier storage lank, in wluch a large quantity of water hcatcd
during the nighttime with an electric water heater by utiliz-
ing a lov -cost midnight power is held. so that the hot water
held in the lmt-water storage tank may be used during the
d'lyuulc.

Recmllly, howcvcr, a heat pump hol-water supply system
having a 300 to 500 percent higher energy et)iciency than the
electric water heating system has come into widespread use.
The heat pump hot-water supply system, utilizing chaitges in
the state of the refrigemsnt as a heat source. has several tunes
lnghcr energy cllicicncy than thc elcclnc waler healer.
Bcsidcs. since no gm combustion lakes place, thc hot-water
supply system produces no CO„ thereby bemg valued as an
eco-friendly system. I lowever, because the quantity of heat
pmduced in the heat punlp hot-water supply system is not as

rest as compared with gas combustion, there is genemlly
adopted such a method that a large-capacity hot-water
storage iank is providivh hkc ul Ihc clectnr. walcr healing
system, lhe hol water hcatcd with d nighttime low-cost
clcmnc power by llm use of a heat pump circuil is held in a
hot-water store e tank dming the nighttime„and is used
during the daytinte 1herefore. in the conventional heat
pump hot-water supply system, a heat pump circuit and a
hot-ivater storage tank are separately mounted. The hot
water produced by ihc heat pump circuit is volununously
held in Ihc hot-water slomgc lank. Thc heal pump circuit and
the hoi-water storage tank arc conucctml bv a pipulg. to
thereby conibinedly function as a hot-ivater supply systenl.

There has been conventionally known a heat pump hot-
w ster supply system as an example as disclosed in Japanese
Patent Laid-Open No. 1997/H9)-126547. The heal pump
hol-water supply system Is compnscd of a heal pump circuit
includin a contpressor, a condenser. a pressure reducing
unit, and an evaponstor: and a lar e-capacity lait-water
stomsge tank. In the unit. a water pipe is connected from
under the hot-ivater storage tank to a lvater heat exchanger,
winch funcnons as Ihc condcnscr ol thc heal pump circuit,
3 Ia a circulating pump: and a hcalulg circuit is consntutcsf by
conncclulg a hol-water supply pipe belweml Ihc outlet port
of the water heat exchanger and the upper part of the
hot-water storage tank

Thc lugh cncrgy-cflicicncy heal pump circuit w opcraicsi
by utihzing a 1oiv-cost nighttime electric power. to gradually
heat up water to a prcdciennined tcmpcraturc ofhot water by
circulating ivater in the hot-water stomsge tank by means of
thc circulating pump. IJpon detecting by a tcmperaturc
sensor that the water temperature has reached the predeter-
mined hot v, ster temperature, the operation of the heat pump
circuit is stopped.

Wlmn using thc hot water at a using cnd unit ul Ihe
Ui

daytime, the hot ivater is supplied after lowering to an
appropnate temperature by mixing. by a mixin valve, water
and the hot v;ster taken out at the upper part of the hot-water
storage tank.

It is also described that. when the temperature of the hot
v ater in the hot-water storage tank has dropped. the hot
v ster in the hot-water store e tank is reheated at the water
heat exchanger and the heater and supplied to the using end
uiut nolwilhslandulg thc hol water disclrdrge channel is nol

Io described in detail.

I lowever, considerina thar a bathtub is filled with the hot
v ater from the hot-water stora e tank„ the required capacity
of the hot-water stomge lmlk is as close to 200 liters as the

,, bathtub. Furthermore, where it is expected to allow a certain
dnloUUI ol rooni for Usc of Ihc hol w incr lor olhcl putposcs,
the tank capacity in some cases ivill become as large as 500
htcrs. When thc hoi-water storage tank is lilted up to its lull
capacity, the inass ivill exceed 200 kg to 500 kg 'I he heat

so pump hot-water supply sysimn, thcrclhrc. Uccds thc cun-
stnlction of a firm, substantially wide gmund foundation fbr
installation.

liurthemiore, a great deal of energy is required to heat up
a large quminly of lait Osier. In addinon. storing water al

Is
high temperatures results in a substantial ditference between
the hot water temperature and the outside air temperature
and therefore in a big heat loss by heat dissipation, conse-
quently requiring the use of an excess ener y.

'I'he heat pump hot-ivaler supply systenl. theretiire. can
not be ulstalied in such a narrow space or a low-strength
place as the balcony of an apartment house or a condo-
UUUIUUI,

I'he conventional heat pump hot-water supply systein is
basically operated by unlizing a nighttime low-cost elcc-
tncity mate as follows I Juring the ni httinle the heat pump
circuit is operated to store the hot water in the hot-water
storage tank. During the daytime the heat pump circuit is not
operated and the hot ivater held m the hot-water storage tank

o
is used. According lo tins unii, howcvcr, the hot mater ul lhc
hot-water storage tank is sonletimes used up; in such a case,
water cml not bc heanxf ulslantly, resulting in hol Osier
starvation. In the abme-described heat pump hot-water
supply system disclosed ul Japanese Patmll Laid-Open No.
1997 (1 19)-126547 also, the hot water is held by utilizing the
ni httime electric poiver as in the case of the electric water
hcatcr, and addiuonal heating Is pcrformcd in the case of
lack of hot water. 11le additioirdl hcaung, Iherclorc, is a
supplementary operation

Furthermore. heat is dissipated out from the surface of the
hot-v ater storage tank which stores a lar e quantity of hot
wdler Uf highcl tcnlpcldIUrcs lhdn lhc oumalc au lcnlpcld-
ture, rcsulnng in waste of energy and a drop of Icmpcra lures.

ss It is, llmrcforc. ncccssary lo heat an cxccss mnount of Osier
up to the same temperanlre as the tentperature drop during
thc uightu inc.
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SUMICLARY OF THE INVENTION

'Ihe first object of this Invention is to provide a lait-water
supply system which needs a narmw mounting space. and
has a small mass and a good energy efficiency.

The second object of this invention is to provide a
hoi-w dier supply systmn wluch cmi decrcasc lhc length of
time lor Ihc slabihzahon of hol-water lemperature when the
hot ivater is supphed from the hot-water supply systenl
which needs a narroiv mounting space and has a small mass. Io

I'he third oh lect of this invention is to pmvide a hot-water
supply system wlfich needs a narrow mounting, space and
has a small mass. and allo~ s additional heatiilg of the bath
wdli:n

llic above oblccts cdn be accomphshed by die provision
of a heat punlp hot-water supply system which has an
operation mode to supply water fed in thniuah a water
supply pipe to a using end unit via a first heat exchanger. and
is conlprised of a compressor, the first heat exchanger for
heat exchange between a refrigerant disclmrged fmm the Io
compressor and w alcr, a pressure reducing umt I'or reducuig
thc pii SSUic of lhi: rcfilgixtinl fioni lhc Inst ical exch ingcr,
a second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply taink fiir
holdin water heated by the first heat exchanger. and a water
circulating route for followed by water, vvhich is kept in the
hot-svater supply tank. back to the hot-vvater supply tank via
Ihc firsl hctil I:xchangcr.

llic second object of tlus Invenuon can be accomplished
by the provision of a heat pump hot-water supply systeni so

which lms a mode for mixing water supplied thmugh a water
supply pipe via a first heat exchanger with water in a
hot-water supply tank and supplying the mixture to a using
end unit. Und is comprised of a compressor, the first heat
exchanger for heal cxclrdnge bclwcen a refrigerant dis- is
cluirgcd from Ihc compressor and water. a prcssure reducing
unit lor reducing thc pressure ol thc rcfrigcrmu from Ihc lirsl
heat exchanuer. a second heat exchanger lncated behveen
the pressure reducing unit and the compressor, the hot-water
supply tmik for holding water heated by the firsr heat do

exchanger. Und a v ater circulating route followed by water,
wluch is kept in the hol-water supply tank, back to thc
hol-water supply lank vui lhc lirsl heal cxclmnger.

llic above oblccts cdn be accomphshed by die provision
of a heat punlp hot-water supply system which has an
operation mode for mixing w:ster supplied through a water
supply pipe via a first heat exchanger with water in n water
supply pipe and supplying the mixture to a using end unit,
and is comprisixl ol'a compressor. a lirst hmit cxclxinger for
heal exchmigc bctwcen a rcl'ngeranl discharged from the o

compressor and w alcr, a pressure reducing umt I'or reducuig
the pressure of the refrigerant from the first heat exchanger,
a second heat exchanger located between the pressure reduc-
ing unit and the compressor, a hot-water supply mnk for
holding ivater heated by the first heat exchanger. and n water ss
circulaung route I'ollowix! by water, wluch Is kept ui thc
hol water supply uutk, back lo lhc hot water supply I uik via
Ihc lirsl hctil I:xchangcr.

'Ihe secnnd object of this imention can be accnmphshed
by the provision of a heat pump hot-water supply systeni io
which has a mode for mixin water supplied tltmugh a water
supply pipe via a first heat exchan er with water in the
hoi-w dier supply lank mid lurlhcr nuxuig wuh water sup-
pluxi lrom a wuter supply pipe and then supplying the
nnxlurc Io a using and uiut, mid is compnscd of a comprcs- Ss

sor. a hrst heat exchanger fiir heat exchange betv een a
refrigerant discharged front the coinpressor and water, a

prcssure IcilUcnlg null fot IcdUcing lhc prcrmiuc of lhc
refrigerant fmm the lirst heat exchanger, a second heat
exchanger lncated behveen the pressure reducing unit and
the conlpressor, the hot-water supply tank for holding water
heated by the first heat exchanger. and a water circulatin
mute followed by svater, winch is kept in the hot-water
supply tank. back lo thc hot-water supply lank via thc lirsl
heat cxclmngcr.

I'he third object of this invennon can be accomplished by
the pmvision of a heat pump bot-ivater supply systeni which
has a reheating mnde for circulating water front the bathtub
bacl to the bathtub via the first heat exchan er, and is
comprised of a compressor, a first heat exchanger for heat
cxchangc bclwccn a refrigerant discharged from thc com-
pressor and water, a prcssure reducing unu lor reducing Ihc
pressure of the refrigemnt front the first heat exchanger, a
second heat exchanger located behveen the pressure reduc-
ing Iuiit and the compressor. a hnt-water supply tank fiir
holding water heated by the first heat exchanger, and a water
circulating route followed by water„which is kept in the
hol-water supply tank. back to the hot-water supply uuik via
the Iirst heat exclmngcr.

I'he abnve object can be accomphshed by the provision of
a heat pump hnt-water supply system which has a hot-water
supply tank capacity of 60 hters to 100 liters, and is
comprised of a compressor, a first heat exchanger for heat
exchange between a refrigerant discharged from the com-
pressor and water, a prcssure reducing unu lor reducing Ihc
prcssure of the refngcrant from thc lirst heat exchanger. a
second heat exchanger located behveen the pressure reduc-
ing Iuiit and the compressor. a hnt-water supply tank fiir
holding ivater heated by the hrst heat exchanger, and a water
circulating route followed by water„which is kept in the
hot-v ater supply tank. back to the hot-water tank via the first
heat cxclmngcr.

Thc above oblccl cnn bc accomphshcxt by thc provision of
a heal pump hol-water supply system w hich has a hol-w alar
tank capacity of 60 liters to 100 liters, and is comprised of
a compressor, a first heat exchanger for heat exchange
between a refrigerant discharged from the compressor and
water. a pressure reducing unit for reducing the pressure of
thc refrigerant I'rom thc lirsl heal cxchungcr. a second heal
cxchangcr located bcswccn the pressure reducing unit and
thc compressor. a hol-water supply tunk fiir holduig water
heated by the first heat exchan er, and a water circuksting,
route fiilloived by water, ivhich is kept in the hot-water
supply tank, back to the hot-water tank via the first heat
exchm er. In the unit. the compressor. the Iirst heat
i:xchiingcr. Ihc second hcdl i:xclrdngcr, lhi: prcssUri: IcilUculg
uiut, and the hol-water supply lank arc housixl in one casuig.

Thc above oblccl cnn bc accomphshcxt by thc provision of
a heat pump hnt-water supply system which has a hot-water
supply tank capacity of 60 hters to 100 liters, and is
comprised of a compressor, a first heat exchanger for heat
exchange between a refrigerant discharged from the com-
pressor and water, a prcssure reducing unu lor reducing Ihc
prcssure of the refngcrant from thc lirst heat exchanger. a
second heal exchanger located belwccn Ihe pressure reduc-
ing Iuiit and the compressor. a hnt-water supply tank fiir
holding hot water heated by the hrst heat exchanger, and a
v ater circulating route followed by water„which Is kept in
the hot-water supply tank, back to the hot-water supply tank
vui thc lirsl heal cxduingcr. In Ihc unit, Ihc compressor. Ihe
lirst heal exchanger, thc second heat cxchangcr, thc prcssure
reducing unit, and Ihc lxu-water supply tank arc housed in
one casmg, and the hot-ivater rank is mounted in the upper
part of the casing.
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BRIEF DESCRIPTION OF THE DRAWINGS

l1(i I shows one exanlple of a heat pump circuit and a
water circuit of a heat pump hot-water supply systeni
according to this invention;

FIG. 2 is a graph shov in a characteristic curve of water
tclllpclatnlc allcl tllllc alti:I illa stall ol heal plllllp clrclilt
OPel"Jt loll:

Fl(i 3 is a block diagram showing a hot-water taink
incorporated in the lower part of the heat pump circuit,

Fl(i 4 is a block diagram shoiving the lait-water taink
incorporated in the upper part of the heat pump circuit,

FIG, 5 is a block diagram showiiig the hot-water rank
mounted bcsidc the lmat pump circuit, anil

FIG. 6 Is a block diagram showuig thc hot-v,ster tank
separately mounted outside of the heat pump circuit body.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An exmnple of a heat pump hot-water supply system tank
will be explained with reference to the accompanying drav-
in s. FICi. I shows one example of the heat pump hot-water
supply system according to this invention.

First. a refngcration cycle will bc described. The rcfug-
cration cycle includes two heat pump circuits. one is a heat
pump circuit 10 in which equipmcnt constituting the rcfug-
emtion cycle are connected by a refrigenstion pipe. through
which the equipment are filled Ivith the refrigerant and
hermetically sealed. and the other is a heat pump circuit 10a
added to realize a maxinnun capacity necessary for supply-
ing hot water. In thc present cxmnplc, two heat pump circuits
are adopted to constitute the hot-w alar supply ay slum. In ttus
case, either one circuit or tlucc or more circuits may be used
in accordance with the perfonnance of the compressor and
Illa liest excilaflgel';lilcl ttle tlat-watel'llpplvlllg capacltv.

The refrigerant (COII compressed by compressors I and
la flows into a heat exchanger 2. In the heat exchanger 2 are
integrally uistallcd condcnsers 3 and 3a for condensing the
relrigcrant. a water heat cxchangcr 11 for healin thc hot
water. mid further a bath water heat cxcian er 44 The
refrigerant that has flowed out of the heat exchanger 2 is
reduced in pressure by the action of pressure reducing units
5 and 5ci. becoming a low-temperature. Iow-pressure refri-
erant. Then. at evapomtors 6 and 6a, the refri erect absorbs
heat from the outside air drawn in by blowers 9 and 9a,
being drrrwn again into the compressors 1 and Ia tluough
accumulators 7 and 7a.

Nmnerals 8 and ga denote bypass valve~, which are
opened to allow the high-temperature, high-pressure refrig-
erant discharged from the compressors I and la. into the
evaporators 6 and 6a. thereby melting frost (defrost control)
which fi&rms on the evapomstors 6 and 6a. The timing of the
delrost control may besynchroiuzcd by simultaneously
operatmg Ihc two rcfngeration circuits, anil also nuiy be not
synchronized ln the case when the defrost control tinung is
not synchmntzed. there is the advantage that the hot water
can be supplied w ithout intermption notwithstanding a httle
degradation in capacity.

Next cxplaincd is Ihc hot-water circuit of a waler circu-
lating circuit 22 which takes water in from a numing water
pipe 16 and supplies the hot water directly to a using end unit
via the heat exchanger 2 or heats up water to a predeter-
mined tenlpemture by circulating lvater inside as Inter
described.

1'o the water circulating circuit 22 are connected. by a
water pipe. the heat exchanger 2, a pressure reducing check

valve 17. a flow sensor 21. check valves 48 mxl 49. a
hot-v ster supply tank 13, a circulating punlp 15. a mixing,
valve 61 for inixing hot water fnim a hot-water supply tank
13 with hot lvater coming out from the water heat exchanger
11. a mixing valve 62 for mixing the hot water from the
mixing valve 61 with ivater. and a flow control valve 63 for
controlluig thc flowrate ol'he tait water.

Thc bath water circuit is composed of thc heat exchanger
2, a hotcwatcr supply solenoid valve 51, a check valve 50,
a water level sensor 60, mid a bath water circulatuig pump
46

I'he heat punlp hot-water supply system of the present
example is a compact, light-weight hot-water supply system
whictx unlike conventional system. uses no large-sized
hot-water tank. That is. mi instantaneous hot-water supply
system Is adoptcst, in whici water Is hcatcd bv lied(
exchange at the lvater heat exchanger 11 between the
high-temperature refri erant in the heat pump circuit lt) and
v ster in the v, ster circulating circuit 22; water led in through

Io the water supply pipe 16 is heated by the water heat
exchm er 11: and the hot ivater is supplied to a usin end
uiut 27 It is, thcrcforc. possible to ehminate the nimd for the
usc of a conventional large-sized hot-water tank. Suflicient
heat of condcnsanon to heat water can not bc produced,
because pressure conditions of the heat pump circuit 10 is
not stabilized just after the start of operation. 1herefore,
dunn a short period of rising time. a mixture of hot water
held in the hot-lvater tank 13 and water fmm the water heat
cxchangcr 11 is supplied, thereby miabluig thc downsizulg
of tlm hot-water supply tank 13 while kccping on the preset
tcmperaturc. When thc operation of the hot( pump circuit 10
has stabilized and the hot water has been heated up to the
preset temperature, the use of the hot water fmm the
hot-v ater tank 13 is stopped and the direct supply of the hot' ater Is started. The operation still be described in detail
bclolv

Water supply to thc heat pump hot-water supply system
will bc cxplaincd. Water supplied I'rom the water supply pipe
16 flows into the pressure-reducing check valve 17, where

so the water pipe is brmiched ofl'nto iwo lines one tiir
supplying the hot water into the hot-lvater supply tank 13

throu h the v:ster supply pipe 19 and the other for supplying
the hot water into the heat exchanger 2 tluough a water pipe
connimtcd to the water hend cxchangcr 11 Thc hot water to
bc supplied to thc using mid umt 27 m supplied at a preset
temperature through the mixing, valves 61 and 62 and the
tlow control valve 63.

'I'he heat pump hot-water supply systeni stated in the
,„present example is assumed to be an instantaneous water

heater which raises temperature of ~ster supplied from the
water supply pipe 16 lo a user's set value by mcrins ol the
heat cxchangcr 2, supplymg thc hot water to thc using end
uiut 27. Thcrelbrc, in the case of a high rcfrigcrauon cycle
capacity, or in the case of high performance of the water heatss
exchanger I I, there is no necessity to pmvide the hot-water
supply tank 13. It is. therefore. possible to build a consid-
erably more compact. more advantageous hot-v ster supply
system than the conventional electric v ater heater wlflch is
hcavy mid rcxtutrcs a wide mountulg spaceso

I'here is such a case, however, that the temperature of the
hot water will not reach the preset temperature for the reason
that the heat exchan er 2 is not fully heated because of low
water supply temperatures and unstable refrigeration cycle.

ss In thc prcsmlt example, Ihc hot-water supply tmd 13 with
the nunimum necessity is installed; and the hot water held as
supplement in the hot-water supply tank 13 is used until the
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lempcralurc of water from the heal excltangcr 2 rmichcs thc
preset value. to thereby ensure the hot-water tempensture at
the using end unit 27

'Ilierefore. it is conceivable that the temperature of the hnt
water from the heat exchanger 2 will not rise. In this case,
the hot water is held at the predetemtined temperature in the
hot-w a ter supply tank 13 ut Ihc case when thc use ol'he hot
w Lier al Ihe using cnd unit 27 is IntcrniplC. so Ihal Ihc hol
water for subsequent use can be supplied at the preset
temperature 1he opemtion of each sectinn will gradually in

become clearer fmm the folkiwing descriptinn
The ntixing valve 61, as described above, has a huiction

to supply to the using end unit 27 the hot water subsidiarily
mixed lo reach a preset lemperauirc in thc hol-v,alar supply
lank 13 when Ihc tcmperaturc ol thc hol w alcr Irom the heal
exchanger 2 (the water heat exchanger I I i dnes not fully rise
immediately after the stan of heat pump circuit nperation.
'I'he mixing valve 61 and the hot-water supply tank 13 are
connected by a hot-v ater supply pipe 20.

The mixing valve 62 fiinctions to mix the hot water Io
supplied from thc mixing valve 61 with water supplied
thriiUgh lhcwtitcr sUpply'ipe 16 whcil flx: U:uipertitiirc of
the hot water exceeds the preset value. thereby lowering the
hot-water temperature to the preset value

Furthermore, the flow control valve 63 is a valve which
functions to control the flov rate so that the quantity of the
hot water to be supplied will not exceed the total quantity
cxpccxcd.

In each section are placed a water supply lcmpcralurc
sensor 52. a water heat exchanger outlet water temperature io
sensor 53, a water temperature sensor 54 fiir measuring the
tenipemtures of a niixed hot water in the hot-v ster supply
tank and water at the v ater heat exchanger outlet. a bot-
water supply tempemsture 55 for measuring the temperature
ol'hol water linally supplmd, mid a tank temperature sensor is
56 (a, b, cj for measunug Ihc residual quanuty of hot water
in thc hol-water supply lank 13. On Ihc refngcralion cycle
side are placed evaporator temperature sensors 58. 58a fiir
nieasuring the interniediate temperature of the evaporators
6. 6a, and suction temperature sensors 59, 59a for sensing so
the suction temperature of the compressor 1.

llic heal pump circuits 10, 10a, the stater circulating
circuit 22 including Ihe hot-water supply tank 13, mxl other
ixiiiipiucul arc hoUscd ill a ltilci-dcscitbcd casiiig 23.

As the usin end units 27, the hot-water supply system is
pmvided with a faucet 24 in a kitchen or nther, a shower 25
in a bathroom. and a bathtub 26 separated by the hot-water
supplysolenoid valve 51 and the check valve 50. The check
I alvc 50 Is usixl tor hygimuc reasons Io prevent nuxuig ol
hoi w Lier supplmd from Ihe water supply pipe 16 wilh hol O

water ui lhc bathtub 26. In thc prcscnt cxamplc, a tcmuital
for ivater use is added to each using terininal as occasion
demmids unless othenvise described.

The heat pump hot-v ater supply system accordin to the
present example has the above-described constinition and ss
operates as cxplaincd below. The heal pump hot-water
supply system Is saul Io have a 300 lo 500% lughcr energy
cflicicncy as compared with lhc elcclnc v;alar healer, and
utilizes the heat pump circuit ill, like an instantaneous
hot-water heater, to directly supply hot v;ster to the using io
end unit 27 As previously explained, however, the heat
puntp circuit 10 can not fully supply the heat of condensa-
tion needed for heating water al Ihe water heal cxchangcr 11

duruig a period Inuncdiatcly sflcr Ihc start of operation lill
thc stabilization of heal pump circuit opcrauon. Accordingly ss
hot water can not be supplied directly to the using end unit
27 In the heat pump hot-water supply system of the present

Cx iiliplC, ii pCI iod Ol SCi i 1st IIIIIIUti s Of risiitg IS ifiiliLCd loi
subsidiarily supplying high-temperature water held in a
small-capacity hot-ivater supply tank 13

liirst, the capacity of the hot-water supply tank 13 will be
explained. With an extreme case excluded, 11 8 liters/min.
of water is needed for a shower for general home use; 8.5
liters/min. for the kitcicn. Snd 7 5 liters/min. Ihr thc lava-
tory. Thc hot-water supply t;nds 13 is continuously usable for
9 7 min. tiir the shoiver, and for 134 min for the kitchen
When the simultaneous use is mit taken into account. the
cmttinuously usable necessary quantity ofhot water is alxiut
114 liters. Presume that the temperature of hot water to be
supplied is 40" C.. the temperature of hot water held in the
hot-water supply tank 13 is 60' at which salmoncllas can
not live, and the lcmpcralure ofwater to be supplied fmm thc
heat exchanger 2 is 8" C. with the ivnrst condition taken into
account the computed quantity of hot water to be held in
the hot-water supply tank 13 under these conditions is about
70 liters. However, since it is not conceivable that water to
be supplied from the heat exchanger 2 alw ays remains at the
tcmpcralure ol 8" C.. Ihc waier lemperauirc should bc sel al
18'., i.c. 10'. Iughcr tluui the prcsumcd tempcraturc. so
that the hot-water supply tank 13 havmg the capacity of li0
liters v ill be sufficient

liurtherinore, supposin that the size of an outdoor unit of
a commercial packa ed air conditioner currently on the
marl et is an allov:able size for a household hot-water supply
cquipmcnt, the cquipmcnl is 1400 nun high, 900 nun wide.
and 300 nuu deign When lhc hol-water supply tank 13 Is of
a cylindrical shape and housed inside of the casing of the
outdoor unit, the maximuni perniissible size is 300 mm in
dianieter of the hnt-water supply tank 13, and 1400 min in
height. The capacity of the tank is 0.1 cubic meter (100
liters).

From the above dcscupuon, il can bc sununanzcd such
thai a desirable range of Ihc hot-water stonug capacity of Ihe
hol-water supply lank 13 is 60 liters lo 100 liters. Wqicn Ihe
hot-water storing capacity of the hot-water supply taiik 13 is
set within the range stated above, an outdoor unit such as the
pacl aged air conditioner and the room air conditinner can be
housed in one casin within the scope that the use of hot
water will not bc intcrfi:rmi with. That is, thc hot-water
supply lank 13 can be housed, together with such mater
componcnm as Ihc compressor 1. Ihc cxtenor heat cxclmngcr
6, the v ster heat exchanger 11, and the pressure reducing,
iiflit 5, iil Otic Casiilg

In the refrigeration cycle usin the CFCs refri emsnt,

appmxunately the highest heating temperature is 60'. The
water tcmpcralurc can bc Ihnhcr Incrcascd by using CO„
and thcrcfiirc thc hol-water storing capacity of thc hol-waler
supply lank 13 may be decreased by thnt utcrcasc ui Ihe
water temperature.

In the case ivhen a usin end unit used is other than the
bath 26. the flowrate sensor 21 senses the use of the terminal,
starting the compressor I to start the opemstion of the heat
pump mrcuil 10. Al Ihc nuual stage ol operauon, Ihe heal
pump circuit 10 is sull in lhc state ol'sing, pcrfonnuig
hol-water supplyuig operation unlizing the hot-water supply
tank 10 Water supplied through the water supply pipe 16
tlows intn the lov er part of the hot water supply tank 13 via
the pressure reducing valve 17 and the water supply pipe 19.
The hot-water supply tank 13 supplies water from its lower
part; high-tempcralurc water present In the upper part ui the
hot-water supply tank 13 is Ihrced out by thc water prcssure
into thc hot-water supply pipe 20.

On the other hand, water from the water supply pipe 16
flov s into a water circuit connected to the water heat
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exchanger 11 to thcrcby heat water by ihe rclngemtion cycle
I tl I'he hot water front the hot-water supply tank 13 and the
hot water from the ivater heat exchanger 1 1 are mixed by the
mixin valve 61, at which the temperature of the hot water
is sensed by the water tempemature sensor 54. controlling the
quantity of the hot water from the hot-water storage mnk 13
and the quantity of water hcatcd by thc rcfngcratlon cycle 10
and fi:d out ol'hc water heat exchanger 11 Io thereby adjust
the hot tvater tentpemture to the preset value l)uring the
initial period of operation, water passing thnluah the water Ia

heat exchanger 1 I is not sufliciently heated, and therefore
the hot ivater is supplied mostly from the hot-water supply
tank 13. Therefore. a httle quantity of water is flowillg in the
water heat exchanger 11 (a mixture operanon mode). AI tius
stage of imtial opcrauon. thc temperature ol'hc hot water
can be quickly raised by thus decreasing the quantity of
water flov ing in the water heat exchanger 11.

In the mixture operation mode. when the hot-water tens-
perature at the using end unit 27 is too hi h (over the preset
value), the mixing valve 62 is opened to mix water from the lo
wdicr supply pipe 16, thus contmihng Ihc hot-v,ster Iem-
pcl'dl itrtx

As the operation is kept on, the heat puinp circuit 10 Is
radually stab)lixed; the temperature of hot water from the

water heat exchanger I 1 rises high: aod the mixing valve 61
ivhich mixes the hot water from the water heat exchanger 11
ivith the hot water from the hot-water supply Lard 13
gradually reduces thc hot water being fcxi lrom Ihc hot-water
supply Lank 13 until thc tempcmturc of hot water from thc
water heat exchanger 11 reaches the preset value 'llms, the Io

supply of hot water fmm the hot-water supply tank 13 Is

fully stopped, so that only the hot water that has passed
through the it ater heat exchan er 11 after heating at the heat
punlp circuit 10 may be supplied (instantaneously heating
nxl ilc) . 31

To supply Ihc hot water BI Ihe preset Icmpcraturc to the
Using clxl Unit, thi: lvatcr ii:nlpcldiUrc Is scnscil by'llc
temperature sensor 55, and the hot water that has conte out
of the tvater heat exchanger 11 and passed the mixing valve
61 and water bypassed are mixed by the mixing, valve 62, do

from ivhich the hot water is supplied at the preset tempem-
Iurc Io Ihc using end unit When thc Imnpemturc ol'ater
supplied from thc water supply pipe 16 is high especially In
Ihe siumner season, Ihe tcmpcrature ol hot water oulpulted
fmm the water heat exchanger I 1 tends to rise higher than
the preset tempenature At this time, therefore, the mixing
valve 61 is contmfled to appropriately mix water to supply
the hot-water temperature at the preset value to the using end
Unit (v:dtcr nllxnlg nloili:).

When an invcrtcr control capable ol conuoilulg Ihc speed o

ol'hc compressor 1 Is adopted ul thc rcfngcratlon cycle 10,
the hot-water temperature at the water heat exchanger 11 is
sensed by means of the temperature sensor 53, thereby
controlling the speed of the compressor 1 to obtain the preset
is ster temperature. SS

Furtherlnorc, ln the rcfrigcrauon cycle 10 Itself an expan-
sion valve 5 Is provided for adlustmcnl lo gam a conslmll
dlfli:rmlcc bctwcml a tempcraturc sensor 50 located on thc
way of the evaponator 6 and a compressor suction tempera-
ture sensor so

Then, ivhen the usin end unit is closed. the flowrate
sensor 21 senses the closing of the temtinal. When the water
tcmpcraturc ul thc hot-water supply Lank 13 is below the
preset 1 slue, thc hot-water supply iank 13 starts atldltiollal
betting opt:Iatlon. st

To perform the additional heating of the hot-v ster supply
tank. the pump 15 is openated after waiting until the water

heat exchanger outlet Iempcraturc rcachcs a lugh Icmpcm-
ture (hot-water store e temperature) while operating the
refrigeration cycle 10. Therefore ivater present in the klwer
part of the hot-water supply tank 13 goes into the water heat
exchan er 11, where water is heated to lugh temperature,
then returning to the upper part in the hot-water supply tank
13 via the check valve 49. Thc check valve 49 chtmks Ihc
flow of thc hot water out ol'lm hot-water supply tank 13
when the mixing valve 61 is fully closed dunng the above-
described normal supply of hot v ster

I'he temperature at the outlet of the water heat exchanger
at tlus time is controlled by changing the speed of the
compressor 1 and the flowrate of v,ater ln the circulating
pump 15. Tile lank Icmpcrd Lure sensor 56 smlscs Ihc comple-
tion of hcBl fig of thc hot-w d ter al Ihi: hot-w Bti I siipplv I ink,
thus the additional heatin of the hot-water supply tank 13
is hnished, setting the hot-water supply system to the
standby state

The hot v:ster is supplied front the hot-water supply tank
13 to the usin end unit by supplying water from the water
silppl)'ipe 16. Thc hot-wiitcr sUpplv tank Is ki:pl fUll ol
water and accordul ly, in principle. tlm quantity ol'hot waicr
in the hot-ivater supply tank 13 will not decrease. The
hot-water supply tank 13 is drained at the tinie ofcompletion
of installation or a long-time shutdown: therefore no water
is present in the hot-water supply tank 13 w hen opemation is
restarted. When restarting opemtion of the tank, it is nec-
essary to supply water. In Ilus case, il'he shower 25 or thc
faucet 24 of the usulg cnd unit 27 is opcncd, water from thc
v ster supply pipe 16 flows to the using end unit I 1 via the
v ster heat exchanger 11 At this time. the hot water supply
temperature sensor 55 detects a low teniperature. )be Inix-
in valve 62. therefore, opens only to the hot-water side (no
v ater from the water supply pipe 16 is mixed). Since the
dct tmtcd value of Ihc hot-w ster supply tempera Lure sensor 54
indicates a low Icmpcrdturc, Ihc nuxlng valve 61 opens Io
nux the hot water from Ihc water heat exchanger 11 will
water from the hot-water supply tank 21) I iowever, because
the hot-water supply tank 13 is not yet fill 1 ofwater, no water
will be supplied from the hot-water supply tank 13 through
the mixm valve 61. Then. the mixing valve 61 on the
hot-water supply tank 13 is also opmlcd to bleed air.
thcrcfiirc water thorn Ihc w dier supply pipe 16 flow s into thc
water heat cxchtmgcr 11 and also into Ihc hot-water supply
tank 13 'I'he faucet of the using end unit 27 is closed ivhen
the hot-water supply tmlk 13 is filled to capacity, the
additional heatin of the hot-water supply tank 13 is started.

The refrigeration cycle 10 will still have both the maxi-
mum mid nuninnun capaciucs if thc compressor 1 cquippcx)
with an invcrter is adopted. Capacity required for supplyulg
hot lvatcr can bc cstimatctl by the water supply Icmpcraturc
sensor 52, the flowrate sensor 21, and the set temperature of
hot water to be supplied

When the required hot-water supply capacity Is under the
minimum capacity. the refrigeration cycle 10 is not operated,
bul Ihc same circuit as during Ihc nomlal supply ol hot water
(dn opcralltin clrcUII lol nuxnlg hot watt:I (wBIi:I) lronl Ihc
water heat cxchangcr 11 with hot water from thc hot-water
supply tank 13) is used to supply hot water at the preset
temperature only fmm the hot-tvater supply tank 13 When
the remaining quantity ofhot is ster in the tank has decreased
(lov hot-water temperature)„ the additional heatmg of the
tank Is pcrfilrmtxl Io add hot water to the ttnlk

An histanttini:ons watt:I-hcdtcr tank silch Bs B gds hiit-
wdli:I siipplv sy'steal Is not cqUlppctl with Bn Iilixlhdry lank,
and therefore can not supply hot water at the minimum
capacity or less (a mixing valve at the using end unit is used
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&0 dilIUSI hot-water Lcmpcrauires). In Ihe present embod&-
ment, the heat pump hot-water supply system has the
hot-water supply tank 13: therefi&re in such a case also it &s

possible to supply hot water at the preset temperature to the
terminal.

In the case when the hot-water supply capacity has
exceeded the maxinuim capacity of the reikigerntion cycle
10, the fiow control valve 63 ic opemted to reduce the
fiowrate, thereby supplying hot water at the preset tempem-
Iurc. I 1 1

Generally, Ihc heat pump hot-wa&er supply system unhzes
Ihc n&ghttul&c cbcc&nc powcn I&1 Illc case &11 &I hor-wan:r
supply system with a 300-liter or larger tank, it is requ&red
to heat and hold hot ivater at 70" ('o 90'('ince the water
is required to be heated at high temperatures. a hear efii-
ciency is lowered. Accordmg to the present invenrion,
howe& cr, tlm we&cr &s hca&cd a& thc Icmpcra&urc (c g. 42'.
in general usc) rcqu&rcd by Ihc Icnninal, and Ihcrcforc &Is

heal cfiic&m&cy bccomcs very lugh as compared with other
heat pump hot-water supply systems. 20

P(hen puttmg hot water m, or filling up„ the bathtub 26,
the same operation as the hot-water supply operatinn &s

done: opening the hot-water supply colenoid valve 51 to fill

up the bathtub 26. In case the supply of hot water to the
bathtub 26 &s stopped, &I &s conce&vdble Ilmt 0&e hor water
fiows back I'rom thc bathtub 26. To prcvcnt Ilus, thc check
valve 50 is pn&vided for hygienic reasons

'lite bathtub 27 requ&res over 180 liters of hot ivater to be
filled up. 'I'h&s hot-water supply openction, therefnre, may be

iil
altered to the following operation. That is, durin the init&al

period of operation, water may be supplied direcrly from the
water hest exchanger 11 by operatu&g Ihe hear pump c&rcuit
10 without usia hot water in the hot-water supply&a 8 13.
II is because over 180 1&&era of hot we&cr &s neixlcd Io (ill up
the bathtub 26. and the rising time of the refrigenstion cycle
10 is little on the whole 'I'he water level in the bathtub 26
is n&onitored by means of the water level sensor 60. and
therefi&re when the w ater has reached the preset water level,
the supply ofhot water to the bathtub, or filling up operation,

dn
will siop.

Nexn 0&e add&tionnl hca&&ng of Ihe ba&h will bc expla&nixh
ln rhe case ivhen the bathtub 26 using the same lx&t-water
heater as convent&onal ones is already filled up and needs to
be heated, an electnc hot-water heater with a large tank filled
up with &cater can not heat the water in the bathtub.

According to the present example, however. the heat
exchanger 2 integrally incorporatec the condenser 3 for
rel'rigcranr condcnsauon, thc water hcd& exchanger 11 for
hearu&g thc water, and thc ba&h&ub wa&cr hca& exchan er 44.
'I'herefiire. the water m the bathtub can be heated bv oper-
ating the heat punip circu&t 10 and the circulating pump 46
to recirculate the water filled up in the bathtub 26. That &s,

the water filled up in the bathtub 26 ic sent to the bathtub
&cater heat exchanger by means of the circulating, pnmp 46,
bc&ng heated up and fiow&ng back to Ihe bathtub 26. A bath
water tcmpcraturc sensor 57 lor dc&ecru&g Ihe water Imn-
perature in the bathtub &s mounted at the upstream side nf the
bathtub water heat exchanger 44 %&(hen the detected value of
the semor 57 has reached the preset temperature, rhe heat ii,
pun&p circuit (mainly the compressor I) and the circulating
pun&p 46 are stopped. That is. the heat pump hot-water
sUpplv'v's&cn& hds B&1 BU&outa&&c fUncl&iu& IL1 Bi&to&t&BI&call)'imp

Ihc preset tempcrarurc of hot water in Ihe bathtub
As herctoforc dcscribcd. Ihc heat pump hot-water supply sc

system of this invention has various automatic bath func-
tions such as the supply or filling up of hot water to the

ba&htub 26 m&d water hearing. That &s, &I &s pose&ble Io add hot
v ster and also to additionally heat hath water

l&I(i 2 is a graph showing a characteristic curve obtained
by experimenting a relationship bet&veen time and water
temperature during the initial umtsient period of operation.

The temperature and quantity of hot water used at a usin
end unit for home usc areas&d to be about 40 Io 42'. and
6 to 8 li&crs,'mu&. AI thc cxpcnmm&ts conduc&cd w &th ou&sale
a&r conditions in the winter season as well as these tempem-
tures and quantities of hot v ster taken into account, the
temperature of hnt water to be supphed was set at 8" ('.

The graph shov,s a change in water tempemture at the
outlet of the &vater heat exchanger 11 when v ater is supplied
to thc water hca& exchanger 11 s&multaneously with thc
opera&ion Of the heal pump c&rcuit 10. From this charactcr-
ist&c curve it is understood that ir takes about 7 minutes from
the start of water supply at rhe temperature of 8" ('. at the
inlet nf the ivater heat exchanger li t&ll the hot-water
temperature reaches 42'1 at the outlet of the water heat
exchm er 11.

Gcncrally onc can nor kccp on w a&ting for 7 mu&utes w&0&

pa&&coca un&il Ihc hor w ster Iempcrauirc uses a& Ihe faucet 24
of a kitchen or the shower 25.

In the present exan&pie, based on the experin&ents, an
about 30-liter small-capacity hor-water supply ta&ik 13 (actu-
ally, 90 liters to allow roon&) is pmvided„ in wluch about 60"

C. hot v:ster is stored.
AI Ihc usrng m&d unit. Ihc 60' hot we&cr is added w&rh

8' ru&uung we&er supphcd from Ihe water heat cxclmngcr
ll to loiver the &vater ten&perature to 42" ('s the initial
value I herefore, even if rhe ten&perature of water from the
v ster heat exchanger I I remains at 8'', 30 liters of 60'
hot water is sufi)cleat for five minutes. Fur&hem&ore, the
hot-v ater tank of thissize can be integrally hou~ed in the
heat pump crrcu&I casmg, and therefore docs no& requ&re a
wale n&UUnnng space Unhkc Ihc 00&lvc&lt&onal hcdl piln&p
hot-wa&er supply system. Bcs&dcs. thc hot-water tank. hav-
ing a small mass, requires no firm mund, and theretbre can
be mounted on the balcony of an apartn&ent house or a
condonun&um.

Next. the mounting position of the hot-water supply tank
13 w&ll bc cxplaincd. A conccn able mountutg posi&ion of thc
hot-wa&cr supply Lank 13 &s under tlm heat pump circu&t 10
as shown in FIG. 3, on thc heat pump c&rcu&t 10 as shown in
l&I(i. 4, nr beside the heat pump c&rcuit 10 as shown in I'l(i
5

The hot-v:ster supply tank 13 filled w ith water is mounted
under the heat pump circuit 10 as shov n in FICi 3, that is,
is local&xi rn thc lov cr pari of Ihc cas&ng, thcrclorc Ihe heal
pump hot-wa&cr supply system cnsurcs &mprovcd s&ab&hty.

Furthcmtorc, in Ihc manulacturing process also, cquipmen&
can be mounted in order on rhe top of the hot-water supply
tank 13, resulting in impmved operat&on perfonnance and
further in improved serviceability because interior equip-
ment can be checked easily by removin the casing 23.
Numeral 30 rcfi:rs Lo d control circu&t, wluch con&rois thc
compressor 1. thc prcssure rcducu&g un&I 6, venous mixu&g
valves, and thc blov,er 9 in accordance w&&h the ou&pu& of
sensnrs thereof. Ihe aix&ve description is similarly appli-
cable to the following drawings

However. the hot-water supply tank filled v ith hot water,
v hen mounted in the lower part of the casing, tendc to
ihss&pale I&car Iro&t& thc sU&ldcc ol thc lint-wtlrc& sUpplv Idnk
13 bimduse &I is located close to Ihc g&UUnd, cxccss&vcly
wast&ng an energy. To cope with th&s drawback. thc ho&-

water supply tank 13 is n&ounted on the heat pun&p circuit 10
as shown in Fl(i 4. to thereby shghtly sacnfice assembly
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opcrailon ctliclcncy and sclvtccabihly. In llus case, thc
hot-water supply tank 13 is surrounded with heat produced
by Ihe heat pump circuit 10: therefore it is possible to
decrease the excess dissipation of heat from the lait-water
supply ta k 13

Furthermore„ the hot-water supply tank 13 is mounted
beside lhc heat pump circuit 10 as shown in FIG. 5, serving
thc purpose tbr reducing thc cxccss amount ot'mal dissi-
pation fmm the tank 13 while ensuring assembly operation
efficiency and serviceability

Furthermore as shown in FI(i 6, the hot-water supply
tank 13 is not integrally housed in the casing. but may be
mounted beside the casin ln which the heat pump circuit 10
is lxluscd. In llus case, a plumbing system for supplying hol
water Is separated from Ihc heal pump clrcull 10 relalcd lo
the refrigerant Accordingly, parallel production of their
pmducts becomes possible, thus improving pnlducts pro-
duction etficiency. facilitating installation of the products
because of sepamste performance of work, and improving
serviceability.

According lo thc present ulvenuon. 11 is possible lo
provide a hoi-water supply system wluch needs a narrow
nlounting space, and has a small Inass and a good energy
elf

lclcncl'lso,

according to the present invention, it is possible to
provide a hot water supply system which can decrease the
length of time for stabthzatton of hot-water tempermue
when lhc hol %Bier Is sUpphix! Ilonl lhc holswan:I supplv
sv'sicnl whu:h ncixls B UBrlov nloUnnng spBcc Bnd hiis
snlall mass.

And according to the present invention, it is possible to
pmvide a hot-water supply system which needs a narrov
mounting space and has a small mass, and allows additiolml
heating of the bath water.

Whtlt IS ClduniXI lw

1. A heat pump hol-water supply syslcm, comprising.
;I lieut punlp circuit coiilpl'IBUlg B conlprcBson
first heat exchanger for heat-exchange betlveen a refri-

erant dischar ed from the compressor and water with-
drawn front II IUnnulg walcl pipe,

pressure reducing unit for reducing the pressure of the
refrigemnt fmm the first heat exchanger.

second heat exchanger localed belwecn lhe prcssure
rrxluculg unit and ihe compressor:

a controller that controls a speed of the compressor based
on a temperature of water heat-exchan ed with the
refllgcrant ul lhc tlrsl ical exchanger,

a hot-ivater supply tank for holding, hot water;
a direct hot-water supply route which can supply hot

w dier directly from thc water supply pipe io a using cnd
umt via the tirsi heat exchanger,

tank supply route v hich can supply hot water to the using
end unit by mixing water from the first heat exchanger
with hot Ivater collected in the hot-water supply tank
I BI a lust nnxulg unit, Bnd

a bypass supply route which can supply ivater that has
bypassed the first heat exchanger and the hot-water
supply tank from the v ater supply pipe to a position
downstream of the first mixing unit via a second mixing
Unit.

Z 'I'he heat pump hot-water supply system according to
cbsim 1, wherein the heat pump circuit and the hot-water
supply tank are housed in a single casing.

3. The heat pump hot-water supply system according to
clainl 2, wherein the heat pump circuit is nulunted above the
hot-water supply tank in the casing

sn

4 Thc heal pump holsw alcr supply system accordulg lo
claim 2, wherein the heat pump circuit is niounted beloiv the
hot-v ster supply tank in the casulg

5 'I'he heat pump hot-ivater supply system according to
claun 2. wherein the heat pump circuit is mounted beside the
hot-v ater supply tank in the casin .

6 Thc heat pump hol-water supply system accorihng io
claim 1, whcrcin thc heat pump circuit w housed in a sulgle
C 'I sf lg

Ic 7 I'he heat punlp hot-ivater supply system according to
claim 6, ivherein the hot-ivaler supply tank Is mounted
beside the casing in winch the heat pump circuit ls housed.

8 The heat pump hot-water supply system according to
clean 1, wherein Ihc heat pump circuit further comprises
CO as Ihc retrigcranl.

9 A heat pump hot-water supply system, comprising:
a heat pump circuit comprising a conlpressor, a first heat

exchanger tilr heat-exchange between a refrigerant
discharged from the compressor and v ater withdrawn
from a running water pipe. a pressure reducing unit for
reducing thc prcssure of the rcfngcrant from Ihe tirsl
heal exchanger. a second heat exchanger localcxt
between the pressure reducmg unit and the compressor;

a controller that contmls a speed of the compressor based
on a temperature of ivater heat-exchanged with the
refri erant in the first heat exchanger and a preset tar et
temperature for the tempemsture of the hot-water
demrixl al thc usulg end unit;

a holswalcr supply lani Ior holdulg hol water,
a direct hot-v,ster supply route which can supply hot

water directly fmm the ivater supply pipe to a using end
unit via the first heat exchanger,

a tank supply route wluch can supply hot v ater to the
using end unit by mixing water from the tirst heat
cxcllangcr with hoi water collected ui Ihc hol-Osier
supply hulk vin a tirsl mixulg unin and

a bypass supply route winch can supply water tllal has
bypassed the first heat exchanger and the hot-water
supply tank fmm the water supply pipe to a position

do downstream ofthe first nlixing unit via a second mixing
Unit.

10. Thc heal pump hol-water supply system accordulg to
clean 9, whcrcin thc heal pump circuit and the hot-water
supplv Idnk drc housed ul a sulglc cdsulg.

I I. The heat pump hot-water supply system according to
claim 10, wherein the heat pump circuit is mounted above
the hot-water supply ta k in the casing.

IZ. The heat pump hot-water supply system according to
claim 10, whcrcul the ical pump circuit is mounted below

C lhc holswalcr sUpplv'ank hl lhc ctisulg.
13. Thc heal pump holsw Bier supply system Imcordulg lo

claim l(l, wherein the heat pump circuit is mounted beside
the lmt-water supply tank in the casing

14. The heat pump hot-water supply system accordin to
ss claun 9„v:herein the heat pump circuit is housed in a sin le

Cilsulg.
15. Thc heal pump hol-water supply system accordulg to

clean 14, whcrcin Ihc hot-water supply ttnlk is mounted
beside the casing in ivhich the heat pump circuit is housed

ic 16 I'he heat pump hot-ivater supply system according to
claun 9, wherein the heat pump circuit further comprises
CO, as the refrigemsnt,

17. A heat pump hol-water supply systmn, comprism .

a heat pump circuit comprlsulg a compressor, a Iirsl heal
ss cxcllangcr lor heal-exchange bclwccn a rcfrigcranl

discharged front Ihe compressor and water withdrawn
front a nuuling water pipe, a pressure reducmg unit for
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heat exchanger, a second heat exchanger located
betiveen the pressure reducing unit and the compressor,

a hot-water supply tank for holding hot water;
a direct hot-water supply route which can supply hot

water directly fmm the water supply pipe to a using end
unit via the first heat exchanger:

a lani supply route which can supply hol walcr to Ihe
using cnd unit by mixutg walcr from lhc lira! heal
exchanger with hot water collected in the hot-water
supply tank via a first mixing unit;

a bypass supply route which Ltm supply waler that has
bypassed the first heal cxclmngcr and lhc hol-water
supply tank from thc water supply pipe lo a position
doivnstream Of the first niixing unit via a second mixing
Ilnlli

d firsl lt:nipcl'SIUrc sensor plovldcd bclwccn an LIU!lct of
Ihe first heat exchanger and an inlet of Ihe lirsl nuxing
ttnln

a second tempemsture sensor provided between an outlet
of the first mixing umt and an inlet of the second
UIIXnlg Unil,

a third tempemsture sensor pmvided between an outlet of
the second nlixing unit and the using end unit:

a conuollcr that controls a speed ol the compressor based
tui dn CUtpUI of thc itl sl lcnlpcIIIIUIL'cnsol; I onnols thc
first mixing umt based on an output of the second
tempemsture sensor, and controls the second mixing unit
based on an output of the third tetnperature sensor

3(t
18. The heat pump hot-waicr supply systmn according to

clmm 17. Whcrcin thc heal pump circun and the hot-water
stlppls'ank,'lrc hollsctl Ul a single c;Ising.

19. The heat pump hot-water supply system according to
cLsim 18, wherein the heat pump circuit is mounted above
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lhC hol-WIIICI SUpply'ank in lhc'. CBSntg.

Z(l. I'he heat punlp hot-water supply systetn according to
cLsim 18, wherein the heat pump circuit is mounted below
the hot-water supply tank in the casing.

21. Thc heal pump hot-water supply system according lo
do

clainl 18, ivherem the heat pump circuit is mounted beside
the hot-water supply tank in the casing

22. Thc heal pump hot-water supply system according 10

cldun 17, win:rein thc heat pump circuit is housed ul a single
casnig.

230 The heat pump hot-water supply system accordin to
claim 22, ivherein the hot-water supply (Bilk is mounted
beside Ihc casin in wluch thc heat pump circuil is housLXL

2BL The heat punlp hot-water supply system according to
claim 17. wherein the heat pump circuit htrther contprises
CO as the refrigerant.

25. A heal pump hot-water supply syslmn, compnsutg
a heat pump circuit compnsing B compressor. a first heat

exchanger for heat-exchange between a refrigerant
discharged from the compressor and water withdmwn ss
f1 oui il IUnnnlg water pipes a plessttrc ILthtcing Ilnlt lor
ICdUcnlg lhc pt'LSSUIC Of lhc'. IchlgCIdnl ftonl thC (11St

heat exchanger, a second heat exchanger located
betiveen the pressure reducing unit and the compressor,

a controller that controls a speed of the compressor based tc
tui d lcntpcralttt'L of wttlcl ical-cxchBngcd with thc
rclbigerant in the lirst heat exchanger.

a direct hot-water supply route which can supply hot
water directly from the water supply pipe to a using end
unit via the first heat exchanger: Ss

a tank supply mute which can supply hot water to the
using end unit by mixulg water fnim the (irst heat
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exchanger with hoi Wali:r collected ni a hot-water
supply tank via a first mixing unit: and

a bypass supply route which can supply ~ster that has
bypassed the first heat exchanger and the hot-water
supply lank from Ihc waler supply pipe lo a position
don nsnLttnl ol lhc firsi nllxntg Unll vlB a second nlixing
unit.

26. The heat pump hot-water supply system accordin to
claun 25. wherein the heat pump circuit further comprises
CO as Ihc relrigcranl.

1

27. St heat punip hot-ivater supply system, coniprising
a heat pump circuit comprisulg a compressor, a lirsl heal

cxclmngcr lor heal-exchange bclwccn a rcfrigcranl
ihschargcd honi thc conipn:ssor and wdlcl wllhthdwn
front a nuuiing water pipe, a pressure reducmg uttit for
reducing the pressure of the refrigemsnt from the first
heat exchanger, a second heat exchanger located
between the pressure reducing unit and the compressor;

a controller thai controls a speed of the compressor based
on a temperature of ivater heat-exchanged with the
refrigerant in the first heat exchanger and a preset target
temperature for the tempemsture of the hot-water
desired at the usin end unit:

a dirac( hot-water supply route wluch cdn supply hol
v ster directly fmm the ivater supply pipe to a using end
unit via the first heat exchanger;

a ttmk supply route wluch can supply hol water to Ihe
using end unil by mo Ing water from ihc first heal
exclmnger with hot water collected in a hot-water
supply tank via a hrst mixing unit: and

a bypass supply route winch can supply v ater that has
bypassed Ihc lirsi heal exchanger nnd thc hol-waier
supply (ank ibom ihe water supply pipe lo a position
downstream of the hrst mixing unit via a second mixing
unit.

28. The heat pump hot-water supply system according to
claim 27. whcrcin Ihc heal pump circuit further comprises
CO as ihc rcfrigerani.

29. A heat pump hot-water supply system, comprising:
a hcBI pUnlp cncnll conipl&nlg a conlprcssor, d fust hcdl

exclmngcr for heal-exchange bebveen a rel'rigeranl
discharged from the conlpressor and water withdrmvn
from a nuining ivater pipe. a pressure reducing unit for
reducing the pressure of the refngerant from the first
heat exchanger, a second heat exchanger located
between the pressure reducing urut and the cnmpressor;

a direct hot-v,ster supply route which can supply hot
water directly fmm the ivater supply pipe to a using end
unit via the first heat exchanger,

B fink SUpplv IOUIC WhICh Ctln SUpply'ol WBICI ILI lhc
usulg mid umt by nnxing water from Ihc lirsl heal
exchanger with hot water collected in a hot-water
supply tank via a first mixing unit:

a bypass supply roulc wluch can supply water llrdt has
bypassed thc lirsl heat cxchan er and thc hot-water
supply lank from Ihc waler supply pipe lo a position
downstreani ofthe

first mixi

unit via a second mixing,
unit;

a first temperature sensor provided between an outlet of
the first heat exchancer and an inlet of the first mixing
unit;

a second temperature sensor provided between an outlet
of the first mixing unit and an inlet of the second
nuxhlg Unit;

a third temperature sensor provided between an outlet of
the second mixing unit and the using end unit;
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a conuollcr that controls a speed ol the compressor based

on an output of the first temperature sensor. controls the
first mixing umt based on an output of the second
tempemture sensor, and controls the second mixing unit
based on an output of the third tempemture sensor.

30. Thc heat pump hot-water supply system accordutg to
clatm 29, wherein the heat pump circuit further comprises
('0 as the refrigerant


