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[s717 ABSTRACT

An air condntloner comprising a compressm an out-
door heat exchanger, a first indoor heat exchanger, a

'second indoor heat exchanger, a first capillary tube, a

second capillary tube, a third capillary tube, a first

valve, a second valve and a piping communicating said

elements with each other, said compressor communi-
cating with one side of said outdoor heat exchanger
and said first indoor heat exchanger, the other side of
sald outdoor heat exchanger communicating with one
side of said first capillary tube and said second capil- |
lary tube, the other side of said first capillary tube

communicating with the other side of said first indoor

heat exchanger, the other side of said second caplllary

tube communicating with one side of said second in-

door heat exchanger, the other side of said second in-

‘door heat exchanger and said compressor communi-
cating with each other by said second valve, a series
- circuit of said second capillary tube and said second

iIndoor heat exchanger and said first valve being con-

‘nected in parallel with each other, said third caplllary.

tube being connected between the side of said first in-
door heat exchanger closer to said first capillary tube

and the side of said second indoor ‘heat exchanger
~closer to said second capillary tube, said first valve

bemg closed and said second valve bemg opened dur-
ing a cooling operation, and said first valve being

- opened and said second valve. bemg closed durmg a

dehum:dlfymg ﬁperatlon

4 Claims, 14 Drawmg Flgures
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| 1 |
CAIR- CONDITIONING SYSTEM FOR COOLING
DEHUMIDIFYING OR HEATING OPERATIONS

BACKGROUND OF THE INVENTION

Thrs mventren relates to an air conditioner eapable |

of cooling operation and dehumidifying operation:

In a conventional air conditioner of the type de-
scribed, two spaced indoor heat exchangers have been

- connected in serres with-each other as shown in FIGS.

1 and 2 of the accompanying drawing, and therefore,
there has been the drsadvantage that a loss of the cool-
ing capacity of a refrigerant due to the flow resistance
during passage. of the coolant through these heat ex-

changers is great during the ceohng operation and

hence- the cooling. efﬁcrency of the air eondltroner IS
substantlally degraded. -

B SUMMARY OF. THE INVENTION

The prlmary object of the present invention, there-
fere Is to provide an air conditioner in which the loss
of cooling capacity due to the flow resistance is re-

duced, whereby the cooling efficreney 1s drastically im-

proved.

“Namely, aecerdrng to the present invention there is
provided. an air conditioner which comprises a com-
- pressor;.an outdoor heat exchanger, a first indoor heat
exchanger a second indoor heat exchanger, a first cap-

illary tube, a second capillary tube, a third capillary

tube, a first valve, a second valve and a piping commu-

- nicating said elements with each other, said compressor
communicating with one side of said outdoor heat ex-
changer and said first indoor heat exchanger the other -

side of said outdoor heat exchanger communicating

~ with one. srde of said first capillary tube and said second
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BRIEF DESCR!PTION OF THE DRAWING

FIG. 1 is the cycle dragram of a eenventmnal air con-
ditioner durmg a cooling operation; | |

FIG. 2 ; 18 the cycle diagram of the air eondltrener of o
FIG. 1 during a dehumidifying operation; |

FIG. 3 is the cycle diagram of a first embedrment of =
the air conditioner according to the present mventron

‘during a cooling operation;

FIG. 4 1s the cycle diagram of the air condrtroner ef‘ -
FIG. 3 durrng a dehumidifying operation;

F1G. § is the cycle diagram of a second embodiment

of the air conditioner of the present mventren durmg a.
eoelmg operation; - |

FIG. 6 is the cycle. dragram of the air eondrtlener of -
FIG. 5 during a dehumidifying operatlon |

FIG. 7 is the cycle diagram of the air eendrtroner ef |
FIGS. 5 and 6 during a heating operation; -
FIG. 81is the cycle diagram of a third embodiment of

the air conditioner of the present Invention: durmg a
cooling operation;

- FIG. 9 is the cycle dlagram of the air eondltloner of
FIG. 8 during a dehumldlfyrng operation; and A

FIGS. 10 and 11 are vertical sectional views of open--
ing and closing valves used in the air condltroner of
FIGS. 8 and 9 respeetwely | |

- FIGS. 12-14 are cycle dragrams of a further embodr-_

" ment of the air cond:trener of the present invention

30
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| eaplllary tube, the other side of said first capillary tube -

communicating with the other side of said first indoor
heat exchanger, the other side of said second eaplllary |

tube communicating with one side of said second In-

door heat exchanger, the other side of said second in-

door heat exchanger and said compressor communicat-
ing with each other by said second valve, a series circuit

- of said second eaptllary tube and said second indoor

heat exchanger and said first valve being connected in

parallel with each other, said third capillary tube being -
connected -between the side of said first indoor heat ex-

, during cooling operation, dehumldlfylng Operatmn
and heatlng operatlon respei::twelj,T |

DESCRIPTION OF THE PREFERRED
| SRR EMBODIMENTS

A conventional air- condrtlener of this type has a re-
frigeration cycle as shown in FIGS. 1 and 2. During a
cooling operation, this cyele is operated with a first

- valve 26 closed and a second valve 29 opened, and a-

40
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changer closer to said first capillary tube and the side

of said second indoor heat exchanger closer to said sec-
ond capillary tube, said first valve being closed and said
second valve being opened during. a cooling operation,

and said first valve being opened and said second. valve |

being closed during a dehumidifying operation.

Further, according to the. present invention there can

‘be: ebtamed an air conditioner capable of heating oper-

ation in add:tlon to the cooling. and dehumidifying |
o operatmns srmply by adding.a four- -way cock to the air

' conditioner of the character described above.

| Strll further, accordmg to the present invention there

can be provrded an air conditioner of the character de- 6¢
scribed. above in whreh (when the valves are electro-
magnetlc valves) an' electric wiring for actuating. satd

- valves-is simplified and the opening and closing opera-

tions. of the valves are also srmplrf" ed, simply by arrang-

~ ing such:that the: operation.of one of the valves can be

concurrently controlled by the: operatren of the other

valve

50

refrigerant discharged from a compressor 21 releases

its heat durlng passage through an -outdoor heat ex-
changer 22, is reduced in pressure In a capillary tube
23, absorbs heat during passage through a first indoor

~heat exchanger 27, a second valve 29 (substantially no

refrigerant passes threugh a second capillary tube 25 as
the flow resistance in said second capillary tube is
greater than that in said. valve 29) and a second indoor -
heat exchanger 28, and returns to the compressor 21 as |

indicated by the broken line arrows shown in FIG. 1., -

During a dehumidifying. operation, the eycle IS oper-
ated with the first valve 26 opened and the second

valve 29 closed, and the refrlgerarrt discharged from

~ the compressor 21 releases its heat during passage of

~ the outdoor heat exchanger 22 (in this case, it is prefer-

35
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able to make small the amount of heat released by the
refrigerant by lowering the rate. of rotation of an out-

“door fan 30) and further releases its heat to the air in-
terior of a room during passage thmugh the first indoor

heat exehanger 27, absorbs heat from the air interior of
the room during passage threugh the caplllary tube 25§
and returns to the compressor 21. as shown in FIG. 2.
In such a cycle, since the indoor heat exchangers 27, 28

‘are connected in series with each other, during the

cooling. operation the refrlgerant passing through the
first indoor heat exchanger 27 is reduced in pressure by
the capillary tube 25 and then passes through the sec-

~ ond indoor heat exchanger 28. Therefore, a loss of

cooling capacity of the refrigerant due to the flow resis-
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tance is great, resulting in a substantial degradation of
the cooling efficiency during the cooling operation.

The present invention has been achieved with a view
to overcoming such disadvantages of the conventional
air conditioner.

Now, the present invention will be described in detail
hereinafter with reference to embodiments thereof
shown in FIGS. 3-11. With reference to the first em-
bodiment shown in FIGS. 3 and 4, the air conditioner
comprises a compressor 1, an outdoor heat exchanger
2, a first capillary tube 3, a second capillary tube 4, a
third capillary tube §, a first valve 6, a first indoor heat
exchanger 7, a second indoor heat exchanger 8, a sec-
ond valve 9, an outdoor fan 10 and an indoor fan 11.
During the cooling operation, the first valve 6 is held
closed and the second valve 9 is held opened, so that
a cooling cycle is formed in the air conditioner along
two paths, one extending from the compressor 1

through the outdoor heat exchanger 2, the first capil-
lary tube 3, the first indoor heat exchanger 7 to the

compressor 1, and another extending from the com-
pressor 1 through the outdoor heat exchanger 2, the
~second capillary tube 4, the second indoor heat ex-
changer 8, the second valve 9 to the compressor 1, as
indicated by the dotted line arrows in FIG. 3. The airs
exterior and interior of a room are circulated by the
fans 10 and 11 as indicated by the solid line arrows re-
spectively, whereby the refrigerant cools the air inter-
lor of the room during passage through the first and

second tndoor heat exchangers 7, 8 and releases its
~ heat to the outside during passage through the outdoor

heat exchanger 2.
- Now, during the dehumidifying operation, the first
valve 6 i1s held opened and the second valve 9 is held
‘closed, and further the outdoor fan 10 is driven at a rel-
‘atively low rate of rotation, whereby a dehumidifying
cycle is formed in the air conditioner, extending from
~the compressor 1 through the outdoor heat exchanger
2, the first valve 6 (substantially no refrigerant flows
through the first and second capillary tubes 3, 4 as the
flow resistances of said capillary tubes are large), the
second indoor heat exchanger 8, the third capillary
~ tube 5, the first indoor heat exchanger 7 to the com-
pressor 1, as indicated by the dotted line arrows in FIG.
4. The airs exterior and interior of the room are circu-
lated as indicated by the solid line arrows respectively,
whereby the refrigerant cools the air interior of the
room during passage through the first indoor heat ex-
changer 7 and thereby the water present in the air is re-
moved therefrom by said first indoor heat exchanger,
and the refrigerant. releases its heat during passage
- through the outdoor heat exchanger 2. The air cooled
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by the refrigerant is heated again by. the second indoor

heat exchanger 8 and returned into the room. Thus, the
air interior of the room is dehumidified.

As described above, according to the present inven-
tron the individual indoor heat exchangers 7, 8, during
the cooling operation, are connected with each other
in parallel by the two captllary tubes 3, 4. Therefore,
‘the flow resistance of the refrlgerant passage can be de-
crease to one-fourth to one-third of that in the case
when said heat_exchangers are connected 1n series, and

hence the loss of cooling capacity due to flow resis-

tance can be substantially decreased.
Furthermore, according to the present invention
there can be provided an air conditioner capable of

55
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heating operation in addition to the cooling and dehu-
midifying operations.

The air conditioner shown in FIGS. 3 and 4 is capable
of cooling and dehumidifying operations by using the
two valves 6, 9 in the cooling cycle, but in FIGS. §, 6
and 7 there is shown an air conditioner as the second
embodiment of the invention, which comprises a four-
way valve 12 in addition to the valves 6, 9 and is capa-
ble of not only cooling and dehumidifying operations
but also heating operation. Namely, during the cooling
operation, the first valve 6 is held closed and the sec-
ond valve 9 is held opened and further the four-way
valve 12 is held in the position shown in FIG. §,
whereby a cooling cycle is formed in the air conditioner
along two paths, one extending from the compressor 1
through the four-way valve 12, the outdoor heat ex-
changer 2, the first capillary tube 3, the first indoor

heat exchanger 7, the four-way valve 12 to the com-

pressor 1, and another extending from the compressor
1 through the four-way valve 12, the outdoor heat ex-

changer 2, the second capillary tube 4, the second In-
door heat exchanger 8, the second valve 9, the four-
way valve 12 to the compressor 1, as indicated by the
dotted line arrows in FIG. 5. The airs exterior and inter-
1or of the room are circulated by the fans 10, 11 as indi-
cated by the solid line arrows respectively, whereby the
refrigerant cools the air interior of the room during pas-
sage through the first and second indoor heat exchang-
ers 7, 8 and releases its heat to the outside during pas-
sage through the outdoor heat exchanger 1. |
Now, during the dehumidifying operation, the first
valve 6 1s held.opened and the second valve 9 is held
closed and further the outdoor fan 10 is driven at a rel-
atwely low rate of rotation, whereby a dehumidifying
cycle is formed in the air conditioner, extending from
the compressor 1 through the four-way valve 12, the
outdoor heat exchanger 2, the first valve 6 (substan-
tially no refrigerant flows through the first and second
capillary tubes 3, 4 as the flow resistances of said capil-
lary tubes are large), the second indoor heat exchanger

‘8, the third capillary tube 5, the first indoor heat ex-

changer 7, the four-way valve 12 to the compressor 1,

as indicated by the dotted line arrows in FIG. 6. The

airs exterior and the interior of the room are circulated
by the fans 10, 11 respectively as indicated by the solid

line arrows, whereby the air interior of the room is
cooled by the refrigerant at the first indoor heat ex-
changer 7 and at the same time the water present
therein is removed therefrom, and then re-heated by
the second indoor heat exchanger 8, while the refriger-
ant releases its heat to the outside during passage

“through the outdoor heat exchanger 2. Thus, the air in-

terior of the room is dehumidified. |

During the heating operation, the four-way valve 12
1s placed in the position shown in FIG. 7 and the first
valve 6 is held closed and the second valve 9 opened,
whereby a heating cycle is formed in the air conditioner
along two paths, one extending from the compressor 1
through the four-way valve 12, the first indoor heat ex-

“changer 7, the first capillary tube 3, the outdoor heat

exchanger 2, the four-way valve 12 to the compressor
I, and another extending from the compressor 1
through the four-way valve 12, the second valve 9, the
second indoor heat exchanger 8, the second capillary
tube 4, the outdoor heat exchanger 2, the four-way
valve 12 to the compressor 1 as indicated by the dotted
line arrows in FIG. 7. The airs exterior and interior of
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the room are circulated by the fens 10 11 respectively

as indicated by the solid line arrows, whereby the re-
frigerant absorbs heat from the outside during passage
through the outdoor heat exchanger 2 and heats the air
interior of the room during passage threugh the first
and second indoor heat exchangers 7, 8. |

As described above on the second embodiment, ac-
| eerdmg to the: present invention it is possible to render
the air conditioner cepeble of heating operation, which
comprises two valves:and is capable of cooling and de-

humidifying eperat:ens ‘merely by adding a feur-—way

- valve to said air conditioner: -

S

10

| The third embodiment of the invention will be de-
 scribed. with reference to FIGS. 8, 9, 10 and 11.In the .

- first and:second embedlmente described above, there
- are prewded two valves 6, 9 and these valves must be

operated mdmduelly However, the third embodiment

13

of the air conditioner shown in FIGS. 8,9, 10 and 11
' comprises means by which one of the two valves in the

preceding embodiments s automatleal]y opened or
closed: when the other one is operated Where the

20

valves are electremegnetle valves, the incorporation of

circuit to operate the valves and simplifying the opera-
tion of said valves since both valves can be eperated by
epemtmg only one of them. |

- The air conditioner aceerdmg to this emhed:ment as

shown in FIGS. 8 and 9, comprises a compressor 1, an
outdoor heat exchanger 2, a first capillary tube 3, a sec-
ond capllldry tube 4, a third capillary tube 5, a first op-
erating valve 6 such as an electremdgnetle valve, a first

indoor heat exchanger 7, a second indoor heat ex-

'changer 8, a three-way valve 19 that is a second valve

~ 'not comprising operating parts such as electromagnet-
- ically controlled parts, an outdoor fan 10 and an indoor
- fan 11. The details of the three- -way valve 19 are shown

in FIGS. 10 and 11 in which reference numerals 40, 41,
42 designdte pipes connected to the three- -way valve

- such means is advantageeus in'simplifying an electric

25

30

shown in F IG 11 since the pressure ef the refngerant

in the pipe 42 becomes hlgher than that in the pipes 40,

41. Thus, the cemmumeatlen between the pipes 42,40

and the plpe 41 is shut down and the refngemnt flows

from the pipe 42 into the pipe 40 through the axial
channel 44 in the plsten 43. Namely, a: dehumidifying
cycle i1s formed in the air. conditioner, extending from
the compressor I threugh the outdoor heat exchanger -

2, the eleetremagnetlc valve 6, the three-way valve 19,

the second indoor heat exchanger 8, the third caplllary
tube 5, the first indoor heat exehdnger 7 to the com-

pressor 1, as indicated by the dotted line arrows in FIG.

9. The airs exterior and interior of the room are circu-
lated by the fans 10, 11 respeetwel]y as indicated by the

_selld line arrows, whereby the air interior of the room

‘1s cooled and at the same time the water present therein
- is removed by the first indoor heat exchanger 7, and re-
“heated by the second indoor heat exchanger 8 and re-
‘turned into the room, while the heat of the refrigerant .

is slightly released to the outside at the outdoor heat ex-
~changer 2. Thus, the air interior of the room is dehu-

midified. A further embodlment of the invention is de-
scribed with reference to FIGS. 12, 13, and 14, wherein |
the same reference numerals are used to describe stmi-
lar parts as above. In this embodiment, as described -

‘with the second embodiment above in FIGS. 5— 7, a
- four-way valve 12 is provided which allows a heating

operation, together with cooling and dehumldlfymg
operations. Furthermore, a second valve 19, whichisa
three-way valve, as deserlbed in FIGS. 10 and 11, 1s
used as the second valve. As dlscussed above with re-

gard to FIGS. 8 and 9, this three-way valve provides the

_advantage of having its operation effected by the oper-

35

ation of valve 6. Therefore, when valve 6. is open, the
three-way valve 19 is autematlcally closed by the ac-

- tton of the refrigerant pressure entering pipe 42. On the

- 19; 43 a piston slidably received in said valve; and 44

a fine channel axially bored thmugh said piston. :
During the cooling operation, the first operating
valve 6 such as an- eleetremagnetle valve 1s held closed,

40

whereby the piston 44 in the three- -way valve 19 that is _

the second valve is held in the position shown in FIG.
10 (the piston 44 moves down under gravity when the

45

three-way. valve 19 is mounted in such a manner that

the pipe 4_0 extends upwardly therefrem) so that the
refrigerant flows from the pipe 40 into the pipe 41.
Thus, a cooling cycle is formed along two paths, one

extending from the compressor 1 through the outdoor |

50

heat exchanger 2, the first capillary tube 3, the first i mn-

door heat exchanger 7 to the compressor 1, and an-
other extending from the compressor 1 through the

- outdoor heat exchanger 2, the second capillary tube 4,
the second indoor heat exchanger 8, the three-way °
valve 19 to the compressor 1, as indicated by the dotted.

line. arrews in F1G. 8. The airs exterior and interior of
the room are circulated by the fans 10, 11 respectively

as indicated by the solid line arrows, whereby the re-

other hand, when valve 6 is closed, the piston 43 (as

seen In FIG. 10) moves down under gravity, allewmg

the flow of the refrigerant through pipe 40 into pipe 41,

Accordingly, in the cooling eperat:on the valve 6 is
closed, and the three- -way valve 19-is in the position

“shown in FIG. 10, since the piston 43 is in its lower po-
sition under the action of gravity. The refrigerant in the -
pipe 40 flows into the pipe 41, with the result that the

refngerant In the cycle ﬂews as 1nc'l1cated by the detted
line arrow in FIG. 12.- SR |

In the dehumldlfymg operatlen as shewn in FlG 13
the valve 6 is open, so that the pressure of refngerant
in the pipe 42 becomes hlgher than that in the pipes 40
and 41 and the piston 43 in the three-way valve 19 is

- pushed up to the eperatwe position shown in FIG. 11.

- The refrigerant in the pipe 42 flows into the pipe 40
- through the channel 44 at the center of the piston 43.

60

frigerant cools the air interior of the room during pas- =

sage through the first and second indoor heat exehang—-

‘ers 7, 8 and releases its heat to the outside during pas-— |

sage through the outdoor heat exchanger 2.
On the other hand, during the dehumidifying opera-

tion the operating valve 6 such as an electromagnetlc |

valve is held opened and hence the piston 44 is the
three-way valve 19 is held in the elevated position

55 The refrigerant in this cycle flows as mdlcated by the

dotted line arrow.in FIG. 13.
- In the heating operation, the feur—way valve is shlfted

‘to the position shown in FIG. 14. The valve 6 is closed. o
In this case, the piston 43 of the three-way valve 19
moves down under gravity to the pesnmn shown in

FIG. 10, and the refrigerant in the pipe 41 flows into

the pipe 40. The. refrigerant in this cycle then flows as
indicated by the dotted lme arrow m FIG 14.
-We claim: -

1. An air conditioner eemprlsmg a. eempresser an

“outdoor heat exchanger, a first indoor heat exchanger,

a second indoor heat exchanger, a first capillary tube,
a second capllhry tube a thlrd ceplllary tube a first
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valve, a second valve and a piping commumcatmg saird
elements with each other, said compressor communi-
cating with one side of said outdoor heat exchanger and
said first indoor heat exchanger, the other side of said
outdoor heat exchanger communicating with one side
of said first capillary tube and said second capillary
tube, the other side of said first capillary tube tibe com-
municating with the other side of said first indoor heat
exchanger, the other side of said second capillary tube
communicating with one side of said second indoor
heat exchanger, the other side of said second indoor
heat exchanger and said compressor communicating
with each other by said second valve, a series circuit of
said second capillary tube and said second indoor heat
exchanger and said first valve being connected in paral-
lel with each other, said third capillary tube being con-
nected between the side of said first indoor heat ex-
changer closer to said first capillary tube and the side
of said second indoor heat exchanger closer to said sec-
ond capillary tube, said first valve being closed and said
second valve being opened during a cooling operation,
and said first valve being opened and said second valve
being closed during a dehumidifying operation.

2. An atr conditioner as defined in claim 1, wherien
a four-way valve is disposed between the compressor,
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8
and the outdoor heat exchanger and the first indoor
heat exchanger. |

‘3. An air conditioner as defined in claim 2, wherein
said second valve is a three- -way valve including a first

‘pipe communicating with said first valve; a second pipe

communicating with said second indoor heat ex-
changer; a third pipe, operatively connected to said
compressor; and a piston, operatively movable by pres-
sure differential of a refrigerant, such that said refriger-
ant flows between said first pipe and said second pipe,
when said first valve is open, and said refrigerant flows
between said second pipe and said third pipe, when said
first valve is closed.

4. An air conditioner as defined in claim 1, wherein
sald second valve is a three-way valve including a first
pipe communicating with said first valve; a second pipe
communicating with said second indoor heat ex-
changer; a third pipe, operatively connected to said

‘compressor; and a piston, operatively movable by pres-

sure differential of a refrigerant, such that said refr:ger-
ant flows between said first pipe and said second pipe,

when said first valve is open, and said refrigerant flows
between said second pipe and said third pipe, when said

first valve i1s closed.
. S %k - 2 *
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