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Description

[0001] The present invention relates to a heating and
cooling system comprising a heating and cooling system
comprising a compressor for compressing a refrigerant,
an indoor heat exchanger, an outdoor heat exchanger,
a subsidiary heat exchanger connected between the in-
door and outdoor heat exchangers, a bypass pipe con-
nected in parallel with the subsidiary heat exchanger op-
erable to allow the refrigerant to flow therethrough and
bypass the subsidiary heat exchanger and a bypass
valve is connected to the bypass pipe to selectively direct
the flow of refrigerant either through the bypass refriger-
ant pipe or through the subsidiary heat exchanger. Such
a heating and cooling system is known from JP 2003
130481A.

[0002] Heating and cooling systems generally com-
prise a compressor for compressing a refrigerant into a
high-temperature and high-pressure state, an indoor
heat exchanger, an outdoor heat exchanger, an expan-
sion valve for decompressing and expanding the refrig-
erant, and a four-way valve positioned at an outlet of the
compressor for selectively directing the flow of refrigerant
to either the indoor or the outdoor heat exchanger de-
pendent on whether the heating or cooling mode is se-
lected.

[0003] The above heating and cooling system further
comprises a subsidiary heat exchanger for heat-ex-
changing the refrigerant discharged from the outdoor
heat exchanger with the refrigerant drawn into the com-
pressor when the system is operating in a cooling mode,
so that the refrigerant guided into the indoor heat ex-
changer is cooled and the refrigerant drawn into the com-
pressor is heated, thereby increasing cooling efficiency.
[0004] However, when the system is operating in a
heating mode, when the refrigerant passes through the
outdoor heat exchanger, it is evaporated and heated by
outdoor air, thus being maintained at a relatively high
temperature compared to the refrigerant passing from
the indoor heat exchanger towards the outdoor heat ex-
changer. Therefore, when the refrigerant passes through
the subsidiary heat exchanger, the high temperature re-
frigerant from the outdoor heat exchanger is heat-ex-
changed with the relatively cooler refrigerant from the
indoor heat exchanger before it reaches the outdoor heat
exchanger, thereby increasing the temperature of the re-
frigerant just about to pass through the outdoor heat ex-
changer and so reducing the efficiency of the heating
mode.

[0005] Therefore, itis an objectof the presentinvention
to provide a heating and cooling system, which substan-
tially alleviates or overcomes the deterioration of heating
mode efficiency caused by a subsidiary heat exchanger
which is used to increase cooling efficiency.

[0006] Accordingly, a heating and cooling system ac-
cording to the present invention is characterised in that
the bypass valve is operable to direct the flow of refrig-
erant through the subsidiary heat exchanger if the tem-

10

15

20

25

30

35

40

45

50

55

perature of refrigerant being drawn into the compressor
is higher than a predetermined temperature.

[0007] Conveniently, refrigerant flows between the in-
door and outdoor heat exchangers through a connection
refrigerant pipe and the refrigerant flows back into an
inlet of the compressor through an inlet refrigerant pipe,
said subsidiary heat exchanger advantageously being
operable to heat exchange refrigerant flowing through
the connection refrigerant pipe with refrigerant flowing
through the inlet refrigerant pipe.

[0008] Preferably, each end of the bypass pipe is re-
spectively connected to the inlet refrigerant pipe either
side of the subsidiary heat exchanger, and the bypass
valve is connected where one end of the bypass pipe
meets the inlet refrigerant pipe.

[0009] Inapreferred embodiment, an expansion valve
disposed in the connection refrigerant pipe, and prefer-
ably, a four-way valve is provided to selectively direct the
flow of refrigerant from an outlet of the compressor to
either the indoor or the outdoor heat exchanger.

[0010] Preferably, refrigerant flows from the compres-
sor along an outlet refrigerant pipe and a hot water supply
heat exchanger is connected in parallel to the outlet re-
frigerant pipe, and a hot water supply valve is connected
to the hot water supply heat exchanger to direct the flow
of refrigerant through the hot water supply heat exchang-
er in case the heating and cooling system requires hot
water.

[0011] A preferred embodiment of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a schematic view illustrating the flow of
arefrigerantin a cooling mode of a heating and cool-
ing system in accordance with the present invention;
Figure 2 is a schematic view illustrating the flow of
the refrigerant in a heating mode of the heating and
cooling system in accordance with the present in-
vention; and

Figure 3 is a schematic view illustrating the flow of
the refrigerant, in which heat-exchange is achieved
by a subsidiary heat exchanger, in the heating mode
ofthe heating and cooling system in accordance with
the present invention.

[0012] Referring nowto Figure 1, aheating and cooling
system in accordance with the present invention com-
prises a compressor 1 for compressing a refrigerant into
a high-temperature and high-pressure state, a four-way
valve 2 disposed at an outlet of the compressor 1 for
selectively directing the flow of the refrigerant according
to a selected operating mode, i.e. heating or cooling
mode, an indoor heat exchanger 4 for heat-exchanging
the refrigerant with indoor air, an outdoor heat exchanger
3 for heat-exchanging the refrigerant with outdoor air,
and an expansion valve 5 for decompressing and ex-
panding the refrigerant. Carbon dioxide (CO,) is used as
the refrigerant in the heating and cooling system of the
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present invention.

[0013] When the four-way valve 2 is operated to direct
the high-temperature and high-pressure refrigerant dis-
charged from the compressor 1 to the outdoor heat ex-
changer 3, the outdoor heat exchanger 3 serves as a
condenser and the indoor heat exchanger 4 serves as
an evaporator, thereby causing the heating and cooling
system of the present invention to be operated in the
cooling mode. On the other hand, when the refrigerant
discharged from the compressor 1 is directed to the in-
door heat exchanger 4, the indoor heat exchanger 4
serves as a condenser and the outdoor heat exchanger
3 serves as an evaporator, thereby causing the heating
and cooling system of the present invention to be oper-
ated in the heating mode.

[0014] The above parts of the heating and cooling sys-
tem constitute a closed circuit through refrigerant pipes
6a, 6b and 6¢. The refrigerant pipes 6a, 6b and 6¢c com-
prise an outlet refrigerant pipe 6a for guiding the refrig-
erant discharged from the compressor 1 to the four-way
valve 2, an inlet refrigerant pipe 6b for guiding the refrig-
erant from the four-way valve 2 to the compressor 1 and
a connection refrigerant pipe 6¢ disposed between the
outdoor heat exchanger 3 and the indoor heat exchanger
4 for guiding the refrigerant discharged from the outdoor
heat exchanger 3 to the indoor heat exchanger 4 and
vice versa. The expansion valve 5 is disposed in the con-
nection refrigerant pipe 6c¢.

[0015] A hot water supply heat exchanger 7 is con-
nected in parallel to the outlet refrigerant pipe 6a for heat-
exchanging the refrigerant with supplied water in order
to provide hot water, and a hot water supply valve 7ais
provided for selectively directing the refrigerant to the hot
water supply heat exchanger 7 when required.

[0016] The heating and cooling system of the present
invention further comprises a subsidiary heat exchanger
8 operable to heat the refrigerant prior to entering the
compressor 1 in the cooling mode, thus improving the
cooling efficiency. A part of the inlet refrigerant pipe 6b
and a part of the connection refrigerant pipe 6¢ close to
the outdoor heat exchanger 3 are disposed in the sub-
sidiary heat exchanger 8 so that the refrigerants passing
therethrough are heat-exchanged. Therefore, in a cool-
ing mode, the refrigerant passing through the inlet refrig-
erant pipe 6b is heated by the refrigerant passing through
the connection refrigerant pipe 6c¢, and the refrigerant
passing through the connection refrigerant pipe 6c¢ is
cooled by heat exchange with the refrigerant passing
through theinletrefrigerant pipe 6b, before the refrigerant
passing through the connection refrigerant pipe 6c¢ is de-
compressed and expanded by the expansion valve 5.
[0017] The heating and cooling system of the present
invention further comprises a bypass refrigerant pipe 9
provided with ends respectively connected to positions
of the inlet refrigerant pipe 6b at either side of the sub-
sidiary heat exchanger 8 so as to allow the refrigerant to
bypass the subsidiary heat exchanger 8. Heat exchange
of the refrigerants by the subsidiary heat exchanger 8
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can therefore selectively be performed in the cooling
mode and suppressed in the heating mode. A bypass
valve 9a is disposed where the inlet refrigerant pipe 6b
and the bypass refrigerant pipe 9 are connected, for se-
lectively directing the refrigerant to either the subsidiary
heat exchanger 8 or the bypass refrigerant pipe 9, ac-
cording to whether the cooling or heating mode is select-
ed.

[0018] Accordingly, in the heating mode, the refriger-
ant drawn into the compressor 1 by the bypass valve 9a
does not pass through the subsidiary heat exchanger 8
but is introduced directly into the compressor 1 through
the bypass refrigerant pipe 9. Since the refrigerant sup-
plied to the outdoor heat exchanger 3 through the con-
nection refrigerant pipe 6c is expanded by the expansion
valve 5 and has a temperature lower than that of outdoor
air, it is heated and evaporated by the outdoor air when
it passes through the outdoor heat exchanger 3. If it was
to then pass through the subsidiary heat exchanger 8
along the inlet refrigerant pipe 6b, it would be cooled
again by the refrigerant passing through the connection
refrigerant pipe 6c, thereby being converted into a liquid
state. However, the above described structure of the by-
pass refrigerant pipe 9 and bypass valve 9a of the present
invention serves to prevent the generation of liquid re-
frigerant.

[0019] In the heating mode, if the refrigerant being
drawn into the compressor 1 has a temperature higher
than a predetermined value, the bypass valve 9a directs
the flow of refrigerant through the subsidiary heat ex-
changer 8. This causes the refrigerant to be cooled by
heat exchange with the refrigerant passing through the
connection refrigerant pipe 6c, thereby preventing the
compressor 1 from being overloaded due to excessive
pressure generated when the temperature of the refrig-
erant is higher than the designated value.

[0020] Hereinafter, operation and effects of the above
described heating and cooling system of the present in-
vention will be described in detail.

[0021] First, the cooling mode of the heating and cool-
ing system of the present invention will be described. The
refrigerantin a high-temperature and high-pressure state
is discharged from the compressor 1 and is directed to
the outdoor heat exchanger 3 by the four-way valve 2.
Accordingly, in the cooling mode, the outdoor heat ex-
changer 3 serves as a condenser and the indoor heat
exchanger 4 serves as an evaporator.

[0022] The refrigerant supplied to the outdoor heat ex-
changer 3 emits heat so that itis cooled, and it then pass-
es through the expansion valve 5 disposed in the con-
nection refrigerant pipe 6¢ whereby it is decompressed
and expanded. It then flows to the indoor heat exchanger
4 where it is heat-exchanged with indoor air, absorbs
heat from the indoor air, and cools an indoor space. The
refrigerant is continuously being drawn into the compres-
sor 1through the four-way valve 2 and the inlet refrigerant
pipe 6b.

[0023] Inthecooling mode, the bypass valve 9a directs
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the flow of refrigerant through the subsidiary heat ex-
changer 8, thus allowing it to be heat exchanged with the
refrigerant passing through the connection refrigerant
pipe 6c. The refrigerant flowing to the indoor heat ex-
changer 4 through the connection refrigerant pipe 6c¢ is
cooled and the refrigerant flowing to the compressor 1
through the inlet refrigerant pipe 6b is heated, thereby
increasing cooling efficiency of the heating and cooling
system.

[0024] Next, with reference to Figure 2, the heating
mode of the heating and cooling system of the present
invention will be described. The refrigerant in the high-
temperature and high-pressure state discharged from
the compressor 1is directed to the indoor heat exchanger
4 by the four-way valve 2. Accordingly, in the heating
mode, the indoor heat exchanger 4 serves as a condens-
er and the outdoor heat exchanger 3 serves as an evap-
orator.

[0025] The refrigerant supplied to the indoor heat ex-
changer 4 emits heat by being heat-exchanged with the
indoor air, thereby heating the indoor space. The refrig-
erant then flows through the expansion valve 5 where it
is decompressed and expanded. It then flows to the out-
door heat exchanger 3 through the connection refrigerant
pipe 6¢ where it absorbs heat through heat exchange
with the outdoor air, and is heated. Then, the refrigerant
is continuously being drawn into the compressor 1
through the four-way valve 2 and the inlet refrigerant pipe
6b.

[0026] Intheheating mode, the bypass valve 9a directs
the refrigerant to the bypass refrigerant pipe 9 so that it
does not pass through the subsidiary heat exchanger 8
and is directly drawn into the compressor 1, thereby pre-
venting any heat-exchange with the refrigerant passing
through the connection refrigerant pipe 6c.

[0027] However, referring now to Figure 3, if the tem-
perature of the refrigerant drawn into the compressor 1
is more than a designated value, the refrigerant passing
through the inlet refrigerant pipe 6b is directed to the sub-
sidiary heat exchanger 8 by the bypass valve 9a. The
refrigerant passing through the inlet refrigerant pipe 6b
is heat-exchanged with the refrigerant passing through
the connection refrigerant pipe 6c, thereby being cooled.
[0028] Inthe heating and cooling system of the present
invention, the hot water supply heat exchanger 7 is con-
nected in parallel to the outlet refrigerant pipe 6a. If the
heating and cooling system requires hot water, the high-
temperature and high-pressure refrigerant discharged
from the compressor 1 is supplied to the hot water supply
heat exchanger 7, thereby heating water.

[0029] As is apparent from the above description, the
present invention provides a heating and cooling system
including a bypass refrigerant pipe and a bypass valve
operable to allow refrigerant to bypass a subsidiary heat
exchanger in a heating mode, thereby preventing the de-
terioration of heating efficiency that is caused by the sub-
sidiary heat exchanger in the heating mode.

[0030] Furthermore, the system of the present inven-
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tion is operable to allow the refrigerant passing through
an inlet refrigerant pipe to be directed to the subsidiary
heat exchanger and cooled by the refrigerant passing
through a connection refrigerant pipe, if the refrigerant
introduced into a compressor has a temperature higher
than a designated value, in order to prevent the compres-
sor from being overloaded.

[0031] Although the preferred embodiment of the in-
vention has been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, with-
outdeparting from the scope of the invention as disclosed
in the claims hereafter.

Claims

1. Aheating and cooling system comprising acompres-
sor (1) for compressing a refrigerant, an indoor heat
exchanger (4), an outdoor heat exchanger (3), a sub-
sidiary heat exchanger (8) connected between the
indoor and outdoor heat exchangers (4,3), a bypass
pipe (9) connected in parallel with the subsidiary heat
exchanger (8) operable to allow the refrigerant to
flow therethrough and bypass the subsidiary heat
exchanger (8) and a bypass valve (9a) is connected
to the bypass pipe (9) to selectively direct the flow
of refrigerant either through the bypass pipe (9) or
through the subsidiary heat exchanger (8) charac-
terised in that the bypass valve (9a) is operable to
direct the flow of refrigerant through the subsidiary
heat exchanger (8) if the temperature of refrigerant
being drawn into the compressor (1) is higher than
a predetermined temperature.

2. A heating and cooling system according to claim 1
wherein refrigerant flows between the indoor and
outdoor heat exchangers (4,3) through a connection
refrigerant pipe (6¢) and the refrigerant flows back
into an inlet of the compressor through an inlet re-
frigerant pipe (6b), said subsidiary heat exchanger
(8) being operable to heat exchange refrigerant flow-
ing through the connection refrigerant pipe (6c) with
refrigerant flowing through the inlet refrigerant pipe
(6b).

3. A heating and cooling system according to claim 2
wherein each end of the bypass pipe (9) is respec-
tively connected to the inlet refrigerant pipe (6b) ei-
ther side of the subsidiary heat exchanger (9), and
the bypass valve (9a) is connected where one end
ofthe bypass pipe (9) meets the inlet refrigerant pipe
(6b).

4. A heating and cooling system according to claim 2
or claim 3 including an expansion valve (5) disposed
in the connection refrigerant pipe (6c¢).
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A heating and cooling system according to any pre-
ceding claim further comprising a four-way valve (2)
to selectively direct the flow of refrigerant from an
outlet of the compressor to either the indoor or the
outdoor heat exchanger (4,3).

A heating and cooling system according to any pre-
ceding claim wherein refrigerant flows from the com-
pressor along an outlet refrigerant pipe (62) and a
hot water supply heat exchanger (7) is connected in
parallel to the outlet refrigerant pipe (62), and a hot
water supply valve (70) is connected to the hot water
supply heat exchanger (7) to direct the flow of refrig-
erant through the hot water supply heat exchanger
(7) in case the heating and cooling system requires
hot water.

Patentanspriiche

1.

Heiz- und Kuhlsystem, das Folgendes umfasst: ei-
nen Kompressor (1) zum Komprimieren eines Kiihl-
mittels, einen Innenwarmetauscher (4), einen Au-
Renwérmetauscher (3), einen Nebenwarmetau-
scher (8), der zwischen dem Innen- und dem Aul3en-
warmetauscher (4, 3) angeschlossen ist, ein Umge-
hungsrohr (9), das parallel zum Nebenwéarmetau-
scher (8) angeschlossen ist und durch das das Kuhl-
mittel fliet und den Nebenwarmetauscher (8) um-
geht, und ein Umgehungsventil (9a), das an das
Umgehungsrohr (9) angeschlossen ist, um den
Kihlmittelstrom selektiv entweder durch das Umge-
hungsrohr (9) oder durch den Nebenwéarmetauscher
(8) zu lenken, dadurch gekennzeichnet, dass das
Umgehungsventil (9a) den Kihlmittelstrom durch
den Nebenwérmetauscher (8) lenkt, wenn die Tem-
peratur des in den Kompressor (1) gesaugten Kihl-
mittels Gber einem vorbestimmten Wert liegt.

Heiz- und Kuhlsystem nach Anspruch 1, wobei Kiihl-
mittel zwischen dem Innen- und dem AulRenwérme-
tauscher (4, 3) durch ein Kihimittelverbindungsrohr
(6¢) flie3t und das Kuhimittel zurlick in einen Einlass
des Kompressors durch ein Kihimitteleinlassrohr
(6b) flieRt, wobei der genannte Nebenwarmetau-
scher (8) die Aufgabe hat, mit durch das Einlasskuhl-
mittelrohr (6b) flieRendem KihImittel einen Wéarme-
austausch an dem durch das Kuhlmittelverbin-
dungsrohr (6c) flieRenden Kiihimittel durchzufihren.

Heiz- und Kihlsystem nach Anspruch 2, wobei die
Enden des Umgehungsrohres (9) auf beiden Seiten
des Nebenwarmetauschers (9) jeweils am Kuhlmit-
teleinlassrohr (6b) angeschlossen sind und das Um-
gehungsventil (9a) dort angeschlossen ist, wo ein
Ende des Umgehungsrohres (9) auf das Kiihimittel-
einlassrohr (6b) trifft.
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4.

Heiz- und Kihlsystem nach Anspruch 2 oder An-
spruch 3, das ein Expansionsventil (5) beinhaltet,
das sich im Kihimittelverbindungsrohr (6¢) befindet.

Heiz- und Kihlsystem nach einem der vorherigen
Anspriiche, das ferner ein Vierwegeventil (2) um-
fasst, um den KihImittelstrom von einem Auslass
des Kompressors selektiv zum Innen- oder Au3en-
warmetauscher (4, 3) zu lenken.

Heiz- und Kuhlsystem nach einem der vorherigen
Anspruche, wobei Kuhlmittel von dem Kompressor
entlang einem Kihimittelauslassrohr (62) flie3t und
ein Warmwasserzufuhr-warmetauscher (7) parallel
zum KuhImittelauslassrohr (62) angeschlossen ist
und ein Warmwasserzufuhrventil (70) am Warm-
wasserzufuhr-Warmetauscher (7) angeschlossen
ist, um den Kihlmittelstrom durch den Warmwasser-
zufuhr-Warmetauscher (7) zu lenken, wenn das
Heiz- und Kiihlsystem warmes Wasser bendtigt.

Revendications

Systéeme de chauffage et refroidissement compre-
nant un compresseur (1) pour comprimer un réfrigé-
rant, un échangeur de chaleur intérieur (4), un
échangeur de chaleur extérieur (3), un échangeur
de chaleur auxiliaire (8) connecté entre les échan-
geurs de chaleur intérieur et extérieur (4,3), un tuyau
de dérivation (9) connecté en paralléle avec I'échan-
geur de chaleur auxiliaire (8), utilisable pour laisser
le réfrigérant s'écouler le long de ce tuyau et con-
tourner I'échangeur de chaleur auxiliaire (8), et une
soupape de dérivation (9a) qui est connectée au
tuyau de dérivation (9) pour diriger sélectivement le
débit de réfrigérant soit a travers le tuyau de dériva-
tion (9), soit a travers I'échangeur de chaleur auxi-
liaire (8), caractérisé en ce que la soupape de dé-
rivation (9a) est utilisable pour diriger le débit de ré-
frigérant a travers I'échangeur de chaleur auxiliaire
(8) silatempérature du réfrigérant attiré dans le com-
presseur (1) dépasse une température prédétermi-
née.

Systéme de chauffage et de refroidissement selon
larevendication 1, dans lequel le réfrigérant s'écoule
entre les échangeurs de chaleur intérieur et extérieur
(4,3) a travers un tuyau de raccordement de réfrigé-
rant (6c) et le réfrigérant retourne dans un orifice
d’admission du compresseur a travers un tuyau d'ad-
mission de réfrigérant (6b), ledit échangeur de cha-
leur auxiliaire (8) étant utilisable pour chauffer par
échange le réfrigérant qui s’écoule a travers le tuyau
de raccordement de réfrigérant (6¢) quand le réfri-
gérant s’écoule a travers le tuyau d’admission de
réfrigérant (6b).



9 EP 1555494 B1

Systeme de chauffage et de refroidissement selon
la revendication 2, dans lequel chacune des deux
extrémités du tuyau de dérivation (9) est respective-
ment connectée au tuyau d’admission de réfrigérant
(6b) de chaque cété de I'échangeur de chaleur auxi-
liaire (9), et la soupape de dérivation (9a) est con-
nectée au point ou une extrémité du tuyau de déri-
vation (9) rejoint le tuyau d’admission de réfrigérant
(6b).

Systeme de chauffage et de refroidissement selon
la revendication 2 ou la revendication 3, qui com-
prend une soupape de détente (5) disposée dans le
tuyau de raccordement de réfrigérant (6c¢).

Systéme de chauffage et de refroidissement selon
I'une quelconque des revendications précédentes,
qui comprend de plus un distributeur & quatre voies
(2) pour diriger sélectivement le débit de réfrigérant
depuis une sortie du compresseur soit vers I'échan-
geur de chaleur intérieur, soit vers I'échangeur de
chaleur extérieur (4,3).

Systeme de chauffage et de refroidissement selon
'une quelconque des revendications précédentes
dans lequel le réfrigérant s’écoule depuis le com-
presseur le long d’'un tuyau de sortie de réfrigérant
(62), et un échangeur de chaleur de I'alimentation
en eau chaude (7) est connecté en parallele au tuyau
de sortie de réfrigérant (62) et une soupape d'ali-
mentation en eau chaude (70) est connectée a
I'échangeur de chaleur de I'alimentation en eau
chaude (7) pour diriger le débit de réfrigérant a tra-
vers I'échangeur de chaleur de I'alimentation en eau
chaude (7) dans les cas ou le systeme de chauffage
et de refroidissement a besoin d’eau chaude.
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