| TI ONER The present invention relates to a split-type air :;’
ner in which an external unit having an external heat exchanger
Ainternal unit faving an internal heat exchanger are di sp(éé’cpf)lq -5
ety .from each other, and respective heat exchangers are cpppgcted
other by refrigerant piping to provide a refrigeration cycle.

SPECIFICATION

TITLE OF THE INVENTION

AIR CONDITIONER

BACKGROUND OF THE INVENTION

The present invention relates to an air conditioner of a
split type wherein an external unit having an external heat
exchanger and an internal unit having an internal heat exchanger
are disposed separately from each other, and respective heat
exchangers are connected to each other by a refrigerant piping,
to thus constitute a refrigeration cycle. |

| As the air conditioner of a split type wherein an
external heat exchanger is connected to an internal heat
exchanger by a refrigerant piping, for example, Japanese Patent
Publication No. sho 57-31057 has been disclosed an air
conditioner of a split type which includes an external heat
f exchanger disposed in the outdoor garden and an internal heat
exchanger disposed in the interior.

In such an air conditioner of a split type, since the
internal heat exchanger and the external heat exchanger are
disposed separately from each‘other. the length of a
refrigerant piping for connecting the external heat exchanger to
‘the internal heat exchanger becomes different depending upon

the locations where these heat exchangers are dispased.
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éonditioner of this general type is disclosed in Japanese patent
ation No. sho 57-31057 in which an external heat exchanger is

Sed . outdoors and connected by refrigerant piping to an internal heat
@ nger which is disposed indoors. Since the internal and external heat
t#ngers are disposed separately fromeach other, the length of a

g oerant- piping for connecting themtogether can vary dependi ng on where

Alsa, since the diameter of the refrigerant piping is
generally limited at the specified value, in the case that
refrigerant is made to flow in the refrigerant piping, there is
generated a specified passage resistance in the refrigerant
piping. The resistance tends to increase in proportiocnal to the
length of the refrigerant piping. ‘

Accordingly, when the resistance in the refrigerant
piping is large, namely, the length of the refrigerant piping
is long, the refrigerant circulating amount is reduced to be
less than the designed value of the refrigeration cycle. This
presents such a problem that the refrigeration ability in
design cannot be obtained.

It may be considered to use a compressor having a large
ability in the refrigeration cycle and a receiver tank having a
large capacity for achieving the high ability. This makes it
possible to cope with the state that the refrigerant piping is
long. The above attempt, however, is disadvantageous in that,
for the short refrigerant piping, the high ability compressor
and a large sized receiver tank are made wasteful, and further,

the internal unit and the external unit are made larger,

thereby obstructing the miniaturization of these units.

.
4

Wity n At d

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

provide an air conditioner capable of carrying out the optimal
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(changers are disposed. Also, since the dianeter of the refrigerant

8 is generally limted to a specified value, when refrigerant flows

thr @@oh i.t a specified resistance will be generated in the piping which

ten@® to increase in proportion to.the length of the piping. Accordingly,
4t he resistance in the refrigerant piping is |arge because the | ength

operation even for the longer refrigerant piping without making
the size of each unit larger and enhancing the ability of each
component in the refrigeration'cycle.

An air conditioner of the present invention comprises a
refrigeration cycle using a refrigerant compressor,.a four-way
valve, an external heat exchanger, an expan§ion device, and an
internal heat exchanger in such a manner that these components
are separately mounted in an external unit and an internal unit,
wherein the external heat'exchanger is mounted on the external
unit; the internal heat exchangq{}s mounted in the internal
unit; both of the heat exchangers mounted in the units are
connected to each ather by means of a refrigerant piping to
form the refrigeration cycle; and a control means is provided
for changing the expansion amount of the expansion device
according to the length of the refrigerant piping thereby
adjusting the high-low pressure difference in the refrigeration .
cycle.
¥7 : The above expansion device is intended to reduce the
expansion amount of the refrigerant by the control means in the
case that the refrigerant piping is long.

Also, the above expansion device comprises a main

expansion element for permitting a refrigerant to flow in a

refrigeration cycle for cooling operation or a refrigeration
cycle for heating operation; an auxiliary expansion element

connected in series to the main expansion element for permitting
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; ;B anount of circulating refrigerant is reduced to less than the
ggned value of the refrigeration cycle so the required refrigeration
ty of the system cannot be obtai ned.

a refrigerant to flow only in a refrigeration cycle for heating
operation; a refrigerant bypass passage for bypassing either.of
the main expansion element and the auxiliary expansion element;
and an oéening/ciosing valve provided on the bypass paésage,
wherein the opening/closing valve is opened in reducing the
expansion amount of the expansion device by %he controller.

The above bypass paséage further comprises an auxiliary
exéansion element.

‘Also, an air conditioner of the present invention
comprises a refrigeration cycle using a refrigerant compressor,
a four-way valve, an external heat exchanger, an expansion
device, and an internal heat exchanger in such a manner that
these components are separately mounted in an external unit and
an internal unit, thereby constituting a refrigeration cyclé
for cooling operation of changing the four-way valve for,
evaporating a refrigerant by the internal heat exchanger and a
refrigeration cycle for heating operation of changing the four-
way valve for condensing the refrigerant by the external heat
exchanger, wherein the external heat exchanger is mounted on
the external.unit; the internal heat exchange is mounted in the
internal unit; both of the heat exchangers mounted in the units
are connected to each éther g} means of a refrigerant piping to
form the refrigeration cycle; énd a control means is provided
for changing the expansion amount of the expansion device

according.to the length of the refrigerant piping and the state
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me this problem |arge capacity conpressor and a recel_
‘but this has the disadvantage that they are not needed fi

shor refrigerant piping lengths and thus are wasteful. Furt her’
inte unit and the external unit need to be larger, thereby redud
possig@:l ity of mniaturization of these units. It is therefore an ob
t he @fesent invention to -

of the cocling operation or the heating operation thereby
adjusting the high-law pressure in the refrigeration cyele.

The above expansion device is intended to reduce the
expansion amount of a refrigerant in the case that the
refrigerant piping is longer.

Also, the above expaﬁsion device is‘intended to reduce
the expansion amount of the refrigerant by the controller in the
case that the refrigerant piping is longer and a refrigeration
cycle for heating operation is constituted.

Further, the above expansion device comprises a main
expansion element for permitting a refrigerant to flow in a
refrigeration cyecle for cboling operation or a refrigeration
cycle for heating operation; an auxiliary expansion element
connected in series to the main expansion element for
permitting a refrigerant to flow in a refrigeration cycle for
heating operation; a refrigerant bypass passage for bypassing

either of the main expansion element and the auxiliary
# expansion element; and an opening/closing valve provided on the
bypass passage, wherein the opening/closing valve is opened in
reducing the expansion amount of the expansion device by the
controller.

The above bypass passgge further comprises an auxiliary

expansion element.

Namely, according to the air conditioner of the present

invention thus constructed, in the case that the refrigerant
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gan air conditioner capable of optimal operation even for |onger
Eant piping lengths without increasing the size of the internal and
8 heat exhangers to enhance the ability of each conponent in the
pration cycle. According to the present invention, there is provided
E-condi ti oner conprising a conpressor, an expansion devi ce, an '
heat exchanger, an external heat

piping for connecting the external heat exchanger to the
internal heat exchanger is long so that the resistance due to
the refrigerant piping is enlarged, it is possible to usually
keep the difference between the high pressure and low pressure
of the refrigerant in the réfrigeration cycle within the
specified range by adjustment of the expansidn amount

(resistance) of the expansion device. Accordingly, it is

possible to usually keep the refrigeration cycle in the optimal

f caondition irrespective of the length of the refrigerant piping.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a refrigerant circuit diagram of an air
conditioner showing a first embodiment of the present
invention;

Fig. 2 is a perspective view showing a main part of an

external unit of the air conditioner according to the first

embodiment of the present invention;
1 Fig. 3 is a perspective view showing a main part of a
receiver tank of the air conditioner according to the first
embodiment of the present invention;

Fig. 4 is a side view showing a main part of the receiver

tank of the air conditioner according to the first embodiment
of the present invention; |
Fig. 5 is a refrigerant circuit diagram showing a main

part of a secand embodiment of the present invention;
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& and control neans connected in a refrigeration circuit, the

E- heat “exchanger being nounted in an internal unit and the external

®nanger being nounted in a renote external unit and coupled in said
ation circuit by refrigerant piping characterised

Fig. 6 is a refrigerant circuit diagram showing a main
part of a third embodiment of the present invention;

Fig. T is a refrigerant eircuit diagram showing a main
part of a fourth embodiment of the present invention; and

Fig. 8 is a refrigerant circuit diagram showing a main

part of a check valve of the air conditioner of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, the preferred embodiments will be described
Wwith reference to the drawings. Referring to Fig. 1, reference
numeral 1 indicates an aif conditioner, which includes an
external unit 2 and an internal unit 4 connected to the external
unit 2 by a refrigerant piping 3.

The external unit 2 mainly includes a compressor 5, four-
way valve 6 for switching operations between heating and
cooling, an external heat exchanger 7, a receiver tank 8, an
1 expansion device 9, two accumulators 10 and 11, and a controller
12 for controlling an opening/closing valve 17 constituting the
above expansion device 9.

The internal unit 4 mginly includes an internal heat
exchanger 13 and a controller'1h for controlling a cooling
operation and heating operation. These components are
connected to each other by a refrigerant piping, to thus

constitute a refrigeration cycle. When the four-way valve 6 is
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ﬁ;hat t he expansi on device conprises at |east a mai n éxpansion

an auxiliary expansion elenent and a valve, the control neans
erable to open and close the valve to direct refrigerant through
one or both expansion el ements to set the amobunt of expansion of the
rant in the expansion device in dependence upon the connected | ength
refrigerant piping

in the state as shown by the solid line of Fig. 1, the
compressed refrigerant discharged from the compressor 5 is
circulated through the internal heat exchanger 13, expansion
device 9, receivgr tank 8, and external heat exchanger 7. 1In
the above, the internal heat exchanger 13 functions as a
condenser and the external heat exchanger 7 functions as an
evaporator. Thus; the heating operation is made by the

internal heat exchanger 13.

Alsa, when the four-way valve 6 is in the state as shown
by the dotted line of Fig. 1, the compressed refrigerant
discharged from the compressor 5 is circulated through the
external heat exchanger T, receiver tank 8, expansion device 9
and internal heat exchanger 13. In the above, the internal
heét exchanger 13 functions as the evaporator and the external
heat exchanger 7.functions as the condenser. Thus, the cooling
operation is made by the internal heat exchanger 13.

In addition, during this refrigeration cycle (refrigerant
circuit), the external unit 2 and the internal unit & are
disposed separately from each other, and which are filled with
the refrigerantlin such an amount as to correspond to the case
that the refrigerant piping 4 for connecting these units 2 and
4 to each other has a length'é} 25m . When the length of the

refrigerant piping 3 is short, the excessive refrigerant is

stayed in the receiver tank 8, and accordingly, the refrigerant

in a suitable amount can be usually circulated during the
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¥ the external unit and internal unit in the refrigerant circuit.
gDl y the valve is operable to direct the refrigerant through only one
fFon element to reduce the amount of expansion of the.refrigerant when
g rigerant piping between the external unit and internal unit in the
rant circuit is over a specified |ength.

refrigeration cycle.

Here, an external fan and an internal fan for supplying
air to the external heat exchanger 7 and the internal heat
exchanger 13 are not shown.

The expansion device 9 is caonstituted of a main expansion
element (capillary tube) 15, an auxiliary expansion element
(capillary tube) 16 connected in series to the main expansion

" element 15, én opening/closing valve 17 provided with a bypass
passage through which the refrigerant bypasses the auxiliary
expansion element 16, and a check valve 18 for-permitting the
refrigerant to flow only in one direction (from the external
heat exchanger 7 to the internal heat exchanger 13).

In the heating operation, the refrigerant discharged from
the compressor 5 is condensed at the internal heat exchanger
13, being expanded by the expansion device 9, and then
evaporated at the external heat exchanger 7. At this time, the
refrigerant passes through the expansion device 9 in order of

i‘; the auxiliary expansion element 16 and main expansion element

15 (the opening/closing valve 17 is in the closed state).

Accordingly, the high pressure refrigerant is expanded by an

amount set by the main expansion element 15 and the auxiliary
expansion element 16. -

-In the cooling operation, the refrigerant discharged from
the compressor 5 is condensed at the external heat exchanger T,

being expanded at the expansion device 9, and is evaporated at
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"This Sheet Has Been R,

Hllll!’llllﬂlﬂlllHllI e T

REPLACED




Fably, the control nmeans controls the operation of the expansion

B when a heating operation is initiated. In a preferred

Pnent, the auxiliary expansion elenment is connected in series to the
gxpansi on el enent through which a refrigerant flows in a refrigeration

¥t during a heating operation only and the expan5|on device includes a
ber ant bypass -

the internal heat exchanger 13, thus performing the cooling. At

this time, in the expansion device 9. the refrigerant passes

the check valve 18 for bypassing the auxiliary expansion element
16, and thus passes only the main expansion element 15 (the
opening/closing valve 17 is in the closed state). Accordinglj,
the high pressure refrigerant is expanded by'an amount set only
by the main expansion element 15.

Next, in the heating operation at the time when the
opening/closing valve 17 is in the opening state according to a
signal from the controller 12, the refrigerant discharged from
the compressor 5 is condensed at the internal heat exchanger 13
to release the heat, being expanded in the expansion device S,
and is evaporated at the external heat exchanger T. At this
time, in the expansion dévice g, the refrigerant passes the
opening/closing valve 17 and the main expansion element 15 in
this order. Accordingly, the higﬁ pressure refrigerant is

expanded in an amount set only by the main expansion element

(=

set in the case that, in the disposition of the external unit 2

Reference numeral 19 indicates a set-up switch, which is

and the internal unit 4, the length of the refrigerant piping 3
for connecting the external ﬁﬁit 2 to the internal unit %4 is
more than a specified dimension (for example, in the range of
from 15 to 25m). In the case that the length of the

refrigerant piping 3 is within the specified value (for example,
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,Sr bypassing the auxiliary expansion el ement. -4- Preferably,
Bss passage conprises a second auxiliary expansion elenent. In
grred enbodi nent, a four-way valve is. provided

.less than 15m), the set-up switch is not set. 1In the
installation works for the external unit 3, for example, in
connection of the refrigerant piping 3 or the wiring 20, the
set-up switeh 19 is switched according to the installation
dimension of the refrigerant piping 3.

When the heating operation is carried out in the case
that the set-up switch 19 is set, the controller 12 outputs a
signal for opening the opening/closing valve 17.
¥ In addition, as shown in Fig. 2, the set-up switeh 19 is
provided on a terminal board 21 connected to the wiring 20 of
the external unit 2, and is intended not to be operated when a
terminal cover 22 is mounted.

Also, in Fig. 1, reference numeral 23 indicates é flow
dividing tube for connecting the external heat exchanger 7,
expansion device 9 and receiver tank 8 to each other; 24 is a
flow dividing tube for connection of a service valve 25; 26 is a
fiou dividing tube for connection of a hot gas bypass tube 27T.

Further, reference numeral 28 indicates an opening/closing
valve provided on the hot gas bypass tube 27, which is opened
according to a signal from the controller 12 in a defrost
operation, to introduce part of the high temperature refrigerant
from the compressor 5 to thé-external heat exchanger

(evaporator) T through the refrigerant piping 29 (connecting the

external heat exchanger T to the flow dividing tube 27), thus

performing the defrost of the external heat exchanger 7.
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frigeration circuit to allow swi tching between a cooling operation

gne i nternal heat exchanger evaporates the refrigerant and a
eration wherein the external heat exchanger condenses the

Preferably, the expansion device consists of a plurality of

tubes and a valve to control the flow of coolant through said

Reference numeral 30 indicates a refrigerant piping for
connecting the flow dividing tube 26 to the flow dividing tube
23, which is intended tao introduce part of the high temperature
refrigerant supplied through the opening/closing valve 28 to the
flow dividing tube 23. Reference numeral 31 indicates a
refrigerant piping for connecting the external heat exchanger 7
to the flow dividing tube 24; 32 is a refrigerant piping for
connecting the flow dividing tube 24 to the service valve 25;
33 is a refrigérant piping for connecting the flow dividing
tube 23 to the receiver tank 8; 34 is a refrigerant piping for
connecting the flow dividing tube 23 to the flow dividing tube
24; and 35 is a refrigerant piping for connecting the flow
dividing tube 23 to the expansion device 9.

Reference numeral 36 is a set-up switch provided on the
internal unit 4, by means of which the cooling operation and
the heafing aoperation are set.

In addition, the actual disposition and the shape of the
piping in the receiver tank 8 and the vicinity thereof are shown
in Fig. 3 or .

~In the air conditioner 1 having the above construction,
the internal unit 4 and the external unit 2 are disposed
sepérately from each other, énd accordingly, the refrigerant
piping 3 needs to be made longér or is sufficient to bé shorter
according to the installed location.

First, there will be described the standard piping
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e air conditioner of the present invention it is possible to keep

Fer ence between the high and | ow pressure of the refrigerant in the
®ation cycle within a predeterm ned range by adjusting the expansion
(resistance) of t he expansi on device. Accordingly, it is

to wusually keep the refrigeration cycle in the optinal

on irrespective of the length of the refrigerant piping.

wherein the refrigerant has'a length less than 15m. 1In this
case, the set-up switch 19 of the external unit 2 is at the "
standard piping" in the installation works (in the state that
the switch 19 is not set). Accordingly, the controller 12
always closes the opening/closing valve 17 in both the cooling
operafion or the heating operatiaon. 1In the éooling opération,
since the refrigerant from the external heat exchanger T passes
the main expansion element 15 and the check valve 18, it is
expanded only by the main expansion element 15.

Also, in the heating operation, since the refrigerant
from the internal heat exchanger 13 passes the auxiliary
expansion element 16 and the main expansion element 15, it is
expanded by the auxiliary expansion element 16 and the main
expansion element 15.

In this standard piping, since the refrigerant is filled
to correspond to the case of the longer piping, it is somewhat
excessive; however, the excessive refrigerant is stayed in the
receiver tank 8 and the accumulators 10 and 11, which makes it
possible to prevent the refrigerant from being stayed in the
heat exchangers 7 and 13 to the utmost.

The excessive refrigerant is stayed mainly in the
receiver tank 8 in the cooliﬂg'operation, whereas it is stayed
in the tWwo accumulators 10 and 11 in the heating operation. As
shoun in Figs. 3 and 4, the receiver tank 8 is connected to the

refrigerant circuit between the external heat exchanger T and
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5 enbodi ments of the invention will now be described, by way of
gonly, with reference to the acconpanying draw ngs, in which: Figure
Fefrigerant circuit diagramfor a first - 5- '

the expansion device 9 by one refrigerant piping 33, so that in
the cooling aperation the excessive liquid refrigerant is
gradually stayed in the tank 8 from the lower portion by the
pressure of the refrigerant circuit.

In the conventional structure including two refrigerant
pipings of inlet tube and the outlet tube on 'the way of the
refrigerant circuit, there occurs the noise through the echo of
the flushed sound of the refrigerant; however, according to the
structure of this embodiment, it is possible to prevent the
flush of the refrigerant in the tank 8 and hence to suppress
the f;ush sound to the upmost. Also, since the lower portion of
the tank 8 is connected to the refrigerant circuit by the
refrigerant piping 33, the return of the refrigerant in the
refrigerant circuit is made rapid. |

Next, there will be described the case of the the longer
piping wherein the refrigerant piping has a length in the range
of from 15 to 25m. In this case, in the installation works, the
set-up switch 19 of the internal unit 2 is set at the "longer
piping® (in the state that the switch 19 is set).

In the case that the set-up switeh 19 is set at the "
longer piping", the controller 12 opens the opening/closing
valve 17 when the heating opération is started. In the cooling
operation, the refrigerant from the external heat exchanger'T
passes through the main expansion element 15 and the check valve

18, and accordingly, it is expanded only by the main expansion
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. of air conditioner of the present invention; Figure 2 is a

Fc view of part of an external unit of the air conditioner of
«Figure 3 is a perspective view of part of a receiver tank of the
fioner of Figure 1; Figure 4 is a side view showing part of the

B ank of the air conditioner of Figure 1; Figure 5is a refrigerant
¢ agram of part of a

element 15. On the other hand, in the heating operation, the
controller 12 opens the opening/closing valve 17, the
refrigerant from the internal heat exchanger 13 passes through
the opening/clasing valve 17 and the main expansion element 15,
and it is expanded only by the main expansion element 15.

Accordingly, when the refrigerant piping has a long size
and the refrigeration cycle is set at the cycle for heating
operation, the expansion amount is reduced under the
consideration of the expansion resistance due to the
refrigerant piping 3, so that even in the longer refrigerant
piping 3, the total of the expansion amount due to the
refrigerant piping 3 and the expansion amount due to the
expansion.devicelg is almost equal to the expansion amount due
to the expansion device 9 in the case of the shorter refrigerant
piping 3. Accordingly, it is possible to keep the high-low
pressure difference in the refrigeration cycle to be an.
approximately equal value (within a specified allowance range)
irrespective of the length of the refrigerant piping 3.

As a consequence, it is passible to solve the
disadvantages that the flow of the refrigerant becomes worse
for the longer refrigerant piping 3 and the refrigerant is
stayed in the internal heaf éxchanger 3., and that the
temperature of the discharged refrigerant of the compressor is
exceésively increased and thereby the safety apparatus (not

shown) is operated.
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fenbodi nent of air conditioner of the present invention; Figure 6 is
ggerant circuit diagramof part of a third enbodi nent of air

roner of the present invention; Figure 7 is a refrigerant circuit

h showi ng part of a fourth enbodi ment of air conditioner of the

I nvention; and '

Also, in the air conditioner 1, since the suitcﬁ 19 for
setting the longer piping and the standard piping is disposed
in the external unit 2, it is possible to set the the set-up
SHitéh 19 along with the connection works of of the external
unit 2 and the wiring 20.

Alsa, after connection works at the external unit 2 in
which the installation dimension of the refrigerant piping 3 is
determined, the set-up switch 19 is set, so that it is possible
ta prevent the mistake in setting the set-up switch 19.
Further, the set-up switch 19 is disposed in the external unit
2, and according;y, when being set once, it is not re-set if the
length of the refrigerant piping is not changed. Also, since
the set-up switch 19 includes the terminal cover 22, it is
g possible to eliminate the fear that the operator touches and
operates it carelessly.

Fig. 5 is a refrigerant circuit diagram showing a main
part of an expansion device 9a showing a second embodiment of
the present invention. 1In this case, the expansion device 9a
includes an auxiliary expansion element 40 through which the
refrigerant flaows in the heating operation, a check valve 41
connected in parallel to the element, a main expansion element
42 connected in series to thé Auxiliary expansion element 40,
and an opening/closing valve 43 connected in parallel to the
element.

In the case of the longer piping (in the state that the
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i s a refrigerant circuit diagramshowi ng a part of a check valve
pi th an air conditioner of the present invention. Referring to

f - there is shown an air.conditioner 1, which includes an external
Ihd an internal unit 4 connected to the external unit 2 by,

fant piping 3. The external unit 2 includes a conpressor 5, a

set-up switch is set), the opeing/closing valve 43 is opened in
the heating operation by the controller (not shown). 1In the
case of the standard piping wherein the refrigerant piping 3 has
.a standard length, the refrigerant passes though the auxiliary
expansion element 40 and the main expansion element 42 to be
expanded in the heating operation. In the case of the longer
piping wherein the refrigerant piping 3 has a longer length,
the refrigerant passes only through the auxiliary expansion
element 40 to be expanded in the heating pperation.
Accardingly, when the refrigerant piping 3 is longer, the
expansion amount at the expansion device 8a is made smaller, to
thus adjust the high-low pressure difference in the
reffigeration cycle.

Also, Fig. 6 is a refrigerant circuit diagram showing a
main part of an expansion device 9b of a third embodiment of
the present invention. 1In this figure, the expansion device 9b
includes a maih expansion element 50 through which the
refrigerant flows in the heating operation, an opening/closing
valve 51 connected in parallel to the element, an electric
expansion valve which is connected in parallel to the element
50 and is controlled such that the opening is made smaller in
the heating operation than tﬁat in the cooling operation.

In the case of the longér piping (in the state that the
set-up switeh 19 is set), the opening/closing valve 51 is

opened in the heating operation by a controller (not shown).
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 or swi tchi ng between heating and cool i ng operations, an external
hanger
fors 10 and 11, and a controller 12 for controlling an
pcl osi ng val ve

7, a receiver tank -6- 8, an expansion device 9, two

In the case of the standard piping wherein the refrigerant
piping 3 has a standard length, the refrigerant passes through

the electric expansion valve 52 and the main expansion element

50 to be expanded in the heating operation. In the case of the

standard piping wherein the refrigerant piping has a standard
length, the refrigerant passes only through 'the electric
expansion valve 52 to be expanded at the heating operation.
Accordingly, when the refrigerant piping 3 is longer, the
expansion amount at the expansion device 9b is made smaller, to
thus adjust the high-low pressure difference in the
refrigeration cyecle.

Further, Fig. 7 is a refrigerant circuit diagram showing
a main part of an expansion device 9c of a fourth embodiment of
the present invention. 1In the above expansion devices 9, 9a and
gb, in particular, when the heating operation is started with
the opening/closing valve 17 being opened, there exists little
a pressure difference across both ends of the opening/claosing
valve 17; however, since the valve body in the check valve 18 is
vibrated due to the pressure difference generafed by the
pulsation of the compressor 5 to generate the noise (there
occurs the so-called chattering phenomenon), the expansion
device 9c¢ in this emhodiment;includes an auxiliary expansion
element 60 disposed in series to the opening/closing valve 17.

The auxiliary expansion element 60 is constituted of a

- tube having an inside diameter of 4.5mm smaller than a bypass

TN
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*ltutlng t he above expansion device 9. The internal unit 4 includes
Frnal heat exchanger 13 and a controller 14 for controlling the

§ operation and heating operations. These conponents are connected to
Eher by refrigerant piping to thus constitute a refrigeration cycle.
he four-way valve 6 is in the state shown by the solid line in Figure
conpressed refrigerant di scharged fromthe

tube 61 having an inside diameter of 3mm. This auxiliary

expansion element 60 is intended to make the pressure difference
between the upstream side and the down stream side "at about

f 0.01 to 0.05kg/cwm?, and which has a lowest resistance as
compared with the expansion elements 15 and 16.

Fig. 8 is a sectional view of the check valve 18, wherein

reference numeral 18a is a vélve body made of nylon, and is
provided with a weighf 18b made of metal. The valve body 18a
is set at a specific gravity of from 1.15 to 1.20 g/cm?
slightly heavier than that (1.1g//em?) of the refrigerant
liquid. Acéordingly, as shown in Fig. 8, even in the state
that the check valve 18 is disposed in the longitudinal
direction, and the refrige:ant liquid reaches to the check
valve 18 from the up and down directions, the valve body 18 is
prevented from being flcated in the refrigerant liquid.
Reference numeral 18c indicates a valve seat, and 18d indicates
i a stopper.
}1 Accordingly, when the opening/closing valve 17 is opened,
the pressure difference across the opening/closing valve 17 is
kept to be 0.01 to 0.05 Kg/cm? by means of the auxiliary
expansion element 60. Thué, since the pressure is applied in
the direction of closing the.check valve 18, the check valve 18
is free of the chattering phenomenon.
Also, in starting the compressor 5, while the pressure

difference across the opening/closing valve 17 provided with the
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for 5 is circulated through the internal heat exchanger 13,

Bn device 9, receiver tank 8, and external heat exchanger 7, the

F heat exchanger 13 functioning as a condenser and the external heat
Er 7 functioning as an evaporator. Thus, the heating operation is
s out by the internal heat exchanger 13. Wen the four-way valve 6 is
tate shown by the

auxiliary expansion element 60 is small yet, the valve body 18a
of the check valve 18 is heavier than the refrigerant liquid to
Se prevented from being flocated, thereby preventing the '
chattering phenomenon to the utmost.

In addition, by provision of the auxiliary exbansion
element 60,_the chattering phenomenon of the check valve is thus
prevented. This chattering phenomenon is generated until the
refrigerant pressure of each refrigerant piping becomes
samewhat stable. Accordingly, there may be adopted the
following manner; namely, in the case of the longer piping,
upon the stafting of the heating operation, without the
auxiliary expansion element 60 in this embodiment, by means of
the controller 12 for controlling the opening/closing valve 12,
the opening/closing valve 17 is opened so as to retard the
opening by a specified time, for example, 3. 5 min. (required
for somewhat stabiliéing the refrigerant pressure of each
refrigerant piping) since the starting of the operation of the
compressor 5, thus preventing the chattering phenomenon.

Also, there may be used a capillary tube and a conduit in
which the midway portion is crushed as the auxiliary expansion
element 60.

As described above, aécording to the air conditioner of
the present invention, sincé the controller 12 opens the
opening/closing valve 17 in the heating operation, the

refrigerant is allowed to flow in the opening/closing valve 17
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gine in Figure 1, the conpressed refrigerant discharged fromthe
gor 5 is circulated through the external heat exchanger 7, receiver
E expansi on device 9 and internal heat exchanger 13, the internal
fchanger 13 functioning as the evaporator and the external heat

fer 7 functioning as the condenser. Thus, the cooling operation is
f out by the internal heat exchanger 13.

to reduce the expansion resistance of the refrigerant.

. Consequently, in the case that the refrigerant piping is longer
than the specified dimension and the expansion resistance is
larger; it is possible to allow the refrigerant to smoothly
flow in the refrigerant ecircuit, and tao perform the control
according to the condition in such a case. ‘Namely, in the case
that tﬁe refrigerant piping 3 for connecting the external heat

i exchanger 7 to the internal heat exchanger 13 is made longer,

| ‘ and the resistance due to the refrigerént piping 3 is large, it
is possible to keep the high-low pressure difference of the
refrigerant in the refrigeration cycle within a specified range

by adjustment of the expansion amount of the expansion device 9.

Accordingly, it is possible to usually keep the refrigeration
cycle at the suitable state irrespective of the length of the

refrigerant piping.
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P 2

.addition, during the refrigeration cycle (refrigerant circuit), z?;
unit 2 and the internal unit 4 are disposed separately from eac

#and filled with the quantity of refrigerant required for connecting

HHAT IS CLATHED Is: ) ) O

1. An air conditioner comprising a refrigeration cyecle using
a refrigerant compressor, a four-way valve, an external heat
exchanger, an expansion device, and an internal heat exchanger
in such a manner that these components are s;parately mounted
in an external unit and an internal unit,

wherein-said external heat exchanger is mounted on said
external unit; said internal heat exchange is mounted in said
internal unit; both of said heat exchangers mounted in said
units are connected to each other by means of a refrigerant
piping to form said refrigeration cycle; and a control means is
provided for changing the expansion amount of said expansion
device according to the length of said refrigerant piping
thereby adjusting the high-low pressure difference in said
refrigeration cycle. |
2. An air conditioner according to claim 1, wherein said
expansion device is intended to reduce the expansion amount of
the refrigerant by said control ﬁeans in the case that said
refrigerant piping is long.
3. An air conditioner according to claim 2, wherein said
expansion device comprising a ;ain expansion element for
permitting a refrigerant to flow in a refrigeration cycle for

cooling operation or a refrigeration cycle for heating

operation; an auxiliary expansion element connected in series
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0 -each other with pi ping 3 haV|ng a length of 25m When the length
Erefrigerant piping 3 is-shert—excess—refrigerant renains in the

Pr-tank 8 so a suitable a t can be circul ated

f the refrigeration cycle. nﬂmﬂmrnﬂ[luﬂmf an and an internal fan
ippl ying air to the external heat dxcManger*7 and the internal heat
kger 13 are not shown.

to said main eiﬁéhsion element for periitting a refrigerant to
flow only in a refrigeration cycle for heating operation; a
refrigerant bypass passage for bypassing either of said main
expansion element and said auxiliary expansion element; and an
opening/closing valve provided on said bypass passage, wherein
‘ said opening/closing valve is opened in reducing the expansion
| amount of said expansion device by said controller.
L, An air conditioner according to claim 2, wherein said

‘ bypass passage further comprises an auxiliary expansion
element.
5. An air conditioner comprising a refrigeration cycle using
a refrigerant compressor, a four-way valve, an external heat
exchanger, an expansion device, and an internal heat exchanger
in such a manner that these components are separately mounted
in an external unit and an internal unit, thereby constituting
a refrigeration cycle for éooling operation of changing said
four-way valve for evaporating a réfrigerant by said internal
| { heat exchanger and a refrigeration cycle for heating operation
of changing said four-way valve for condensing the refrigerant
by said external heat exchanger,

wherein said external heat exchanger is mounted on said
external unit; said internal;heat exchange is mounted in said
internal unit; both of said heét exchangers mounted in said
units are connected to each other by means.of a refrigerant

piping to form said refrigeration cycle; and a control means is
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Epansi on device 9 conprises a main expansion elenment (capillary
auxiliary expansion el
P nai n expansi on el enent 15

Ass passage through which tf Jzﬂmm Wﬂ passes: the auxiliary
ki on el enent 16, and a chec *Va ar permtting the refrigerant
bw only in one direction (fron1the external heat

t ube)
e) 16 connected in series
|ng val ve 17 provided with

provided for changing the expansion amount of said expansion
device according to the length of said refrigerant piping and
the state of $aid cdoling operation or said heating operation
thereby adjusting the high-low pressure in said refrigeration
cycle. |
6. An air conditioner according to claim 5, wherein said
expansion device is intendeﬁ to reduce the expansion amount of
a refrigerant in the case that said refrigerant piping is
longer.-

T. An air conditioner according to elaim 5, wherein said
expansion device is intended to reduce the expansion amount of
the refrigerant by said controller in the case that said
refrigerant piping is longer and a refrigeration cycle for
heating operation is constituted.

8. An air conditioner according to claim 7, wherein said
expansion device comprising a main expansion element for
permitting a refrigerant to flow in a refrigeration cycle for
cooling operation or a refrigeration cycle for heating
operation; an auxiliary expansion element connected in series
to said main expansion element for permitting a refrigerant to
flow in a refrigeration cycle for heating operation; a
refrigerant bypass passage fé? bypassing either of said main
expansion element and said auxiliary expansion element; and an
opening/closing valve provided on said bypass passage, wherein

said opening/closing valve is opened in reducing the expansion
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nger 7 to the internal heat exchanger 13). In the heating operation,
refrigerant discharged fromthe conpressor 5 is condensed at the b
i nternal -heat exchanger 13, expanded by the expan5|on device 9, and then
evaporated at the external heat exehanger—7. The

1A O

- 25 =

amount of said expansion device by said controller.

9. An air conditioner according to claim 8, wherein
said bypass passage further comprises an auxiliary

5 expansion element.

10. An air conditioner comprising a compressor (5),

A

an expansion device (9), an internal heat exchanger
(7), and an external heat exchanger (13) connected in a
10 refirgeration circuit, the internal heat exchanger
being mounted in an internal unit (4) and the external
heat exchanger being mounted in a remote external unit
(2) and coupled in said refrigerant circuit by
refrigerant piping (3), characterised by control means
15 (12, 19, 17) for selectively permitting control of
operatioﬁ of the expansion device (9) in dependence

upon the length of said piping (3).

20
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ff rirgerant then passes through the expansion device 9, the auxilia
ion elenent 16 and nmain expansion el enment 15 (the opening/closing
17 -is in the closed state): Accordingly, the high pressure

jerant i s expanded by an anmpbunt set by the main expansion el ement 15
e auxiliary expansion elenent 16. In the cooling operation, the
perant di scharged from ' :

- 26 -
ABSTRACT

AIR CONDITIONER

An air conditioner includes a refrigeration circuit
5 that includes a refrigerant compressor (5) a four-way
valve (6), an external heat exchanger (13), an

) expansion device (4), and an internal heat exchanger
(7). these components being mounted in an external unit
(2) and an internal unit (4), wherein the external heat

10 exchanger is mounted in the external unit and the
‘internal heat exchanger is mounted in the internal
unit. The heat exchangers (7, 13) are connected to
each other by means of a.refriderant piping.(3) to form
the refrigeration circuit. A control means (19, 12,

15 17) is provided for changing the expansion amount of
the expansion device (9) according to the length of the
refrigerant piping thereby adjusting the pressure
differential in the refrigeration current. With this
construction, it is possible to carry out the optimal

20 operation for a longer length refrigerant piping,

without the need to make the size of each unit larger.
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. conpressor '5 is condensed at th éexternal heat exchanger 7, expanded at
2T expansion device 9, and then eva‘Brated at the internal heat exchangeg?
13% thus perthnlﬂg the cooling function. At this tine, in the expansion
device 94 the refrlgerant passes through the check valve 18.thereby
bypaSS|ng the auxiliary expansion elenent 16, and passing to only the main
expansi on el enent 15 (the opening/closing valve 17 is in the closed
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sﬁfge). ‘Accordingly, the high pressure refyrigerant i s expanded by an
anmount set only by the nmin expansion ele t 15. Next, in the heating
operation at the tinme when the opening/clodi¢ag valve 17 is in its open
state according to a signal received fromthe controller 12, the

reforigerant discharged fromthe conpressor 5 is condensed at the interna
heat exchanger. 13 to rel ease the heat,

N
O
LL.
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Edended i n the expansion device 9, and evapqrated at the

éxchanger 7. At this tinme, in the exparion device 9,
refrigerant passes the - 9- openlng/cI05|ﬁ© val ve 17 and the
expansi on el enent -
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15 in this order. Accordingly, the high pr%; ure refri ge'ra'nt S
) ‘expanded by an anount set only by the main expa on elenent 15. A set-up

switch 19, which is set when the length of the refrigerant piping 3
connecting the external unit 2 to the internal unit 4 is nore than a

speci fied dinension (for exanple, in the range of from15 to 25m. In the
case that the length of the refrigerant ﬁé gls
Sa- 4
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mAthiQ the specified value (for exanple, less than 15m, the setlﬁbemmgﬁwpg
19 is not set:. During installation of the external unit 2, for exanp|

when the refrigerant piping 3 or the wiring 20 are connected t he se E@%'
switch 19 will .be switched dependi ngion the installation di nensi ons of the
refrigerant pi-pi-hg 3. Wien the heating operation is carried out in the case
that the set-up switch 19 is set, the controller 12

SPECIFICATION |REPLACEMENT SHEET
08 JUN 1996

TITLE OF THE INVENTION

AIR CONDITIONER

BACKGROUND OF THE INVENTION -

The present invention relates to an air conditioner of a
split type uhereih an external unit having an external heat
exchanger and an internal unit having an internal heat exchangér
are disposed separately from each other, and respec?iverheat
exchangers are connected to each other by a refrigerant piping,_
to thus constitute a refrigeration cycle.

As the air conditioner of a split type wherein an
external heat exchanger is connected to an internal heat
exchanger by a refrigerant piping, for example, Japanese Patent
Publication No. sho 57-31057 has been disclosed an air
cohditioner of a split type which includes an external heat
exchanger disposed in the outdoor garden and an internal heat
exchanger disposed in the interior.

In such an air conditioner of a split type, since the
internal heat exchanger and the external heat exchanger are
disposed separately from each other,- the length of a

"refrigerant piping for connecting the extern;l heat exchanger to
the internal heat exchanger becomes different depending upon

the locations where these heat exchangers are disposed.
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outputs a signal for opening the opening/closing valve 17 REPL@MN@‘@[{EET
s@omn in Figure 2, the set-up switch 19 is provided on a -mrat—boartd—2

connected to the mnring 20 of the external unit 2, and is | ?gsquﬂ%
be operated when a term nal cover 22 zs mount ed. Also in F é
shown a flow dividing tube 23

Also, since the diameter of the refrigerant piping is
generally limited at the specified value, in the case that
refrigerant is made to flow in the refrigerant piping, there is
generated a specified passage resistance in the refrigerant
piping. The resistance tends to increase in proportional to the
length of the refrigerant piping.~

Accordingly, when the resistance in the refrigerant
piping is large, namely, the length of the refrigerant piping
is long, the refrigerant circulating amount is reduced to be
less than the designed value of the refrigeration cycle. This
presents such a problem that the refrigeration ability in
design cannot be obtéined.

It may be considered to use a compressor having a large
ability in the refrigeration cycle and a receiver tank having a
large capacity for achieving the high ability. This makes it
possible to cope with the state that the refrigerant piping is
long. The above attempt, however, is disadvantageous in that,
for the short refrigerant piping, the high ability compressor
and a large sized receiﬁer tank are made wasteful, and further,
the infernal unit and the external unit are made larger,

thereby obstructing the miniaturization of these units.
LN
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

' provide an air conditioner capable of carrying out the optimal
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-10- connected to the external heat exchanger 7, expansion
rgceiver tank 8; a flow dividing tube 24 is connected to 4
25; and a flow dividing tube 26 is connected to a hot gas
An openi ng/closing valve 28 is provided on the hot gas

operation even for the longer refrigerant pipiné~;IEEBEf‘mating—J

the size of eacﬁ unit larger and enhancing the ability of each

byjpass t ube
08JUNﬁw6

component in the refrigeration cycle.

An air conditioner of the present invention comprises a
refrigeration cycle using a refrigerant compressor, a four-way
valve, an external heat exchanger, an expansion device, and an
internal heat exchanger in such a manner that these components
are‘separately mounted in an external unit and an internal unit,
wherein the external heat exchanger is mounted on the external
unit; the internal heat exéhangg{}s mounted in the internal
unit; botﬁ of the heat exchangers mounted in the units are
connected to each other by means of a refrigerant piping to
form the refrigeration chle; and a control means is provided
for changing the expansion amount of the expansion device
according to the length of the refrigerant piping tﬁereby
adjusting the high-low pressure -difference in the refriéeration
cycle.

The above expansion device is intended to reduce the
expansion amount of the refrigerant by the control means in the
case that the refrigerant piping is long.

Also, the above expansion device comprises a main
expansion element for permitting a refrigerant to flow in a
refrigeration cycle for cooling éperation dria refrigeration
cycle for heating operation; an auxiliary expansion element

connected in series to the main expansion element for permitting
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bypass tube 27, which is opened in response to a signal re &ﬁWEACEmﬂﬁTF
centroller '13ﬁm{emﬂag,3ge§_l{gﬁgﬁg;;s defrost node, to introduce|pgqrt ©
tenperature;r ' . ‘the conpressor 5 to the external ngg
exchanger (iv mmggmt fﬂough-thegefri gerant piping 29{( onnecHNn‘g%he
ext ernal -heat the flow dividing tube 26), thus—def+osting
t he external heat exchanger 7.:.

——

a refrigerant to flow hnly in a refrigeration cycle for heating
operation; a refrigerant bypass passage for bypassing either of
the main expansion element and the auxiliary expansion element;
and an opening/closing valve provided on the bypass passage,
wherein the opening/closing valve is opened in reducing the
expansion amount of the expansion device by the controller.

The abave bypass passage further comprises an auxiliary
expansion element.

Also, an air conditioner of the present invention
comprises a refrigeration cycle using a refrigerant compressor,
a four-way valve, an external heat exchanger, an expansion
device, and an internal heat exchanger in such a manner that’
these components are separately mounted in an external unit and
an internal unit, thereby constituting a refrigeration cycle
for cooling operation'of chénging the four-way valve for
evaporating a refrigerant by the internal heat exchanger aﬁd-a
refrigeration cycle for heating operation of changing the foﬁr-
way Valve for condensing the ;efrigerant by the external heat
exchangér, wherein the external heat exchanger is hounted on
the external unit; the internal heat exchange is mounted in the
internal unit; both of the heat exchangers mounted in the units
are connected to each other by means of a refrigerant piping to
form the refrigeration cycle; and a control ;éans is provided
for changing.the expansion amount of the expansion'deQice

according to the length of the refrigerant piping and the state
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Refrigerant pi ping 30 CONNECTS tne'f1bm1dividing t ube 26
dividing tube 23y, v ¢ asB%en-' LE ged to introduce part of

tenperature refri ““ .t hrough t he openi ng/ cl oY g 2 to
t he flom1d|V|d|ngrﬂMﬁH Enﬂ ri.gerarg piping 31 connectfs Jt he’ e&ﬁ%

heat exchanger {7 ,

connects the flom/d|V|d|ng t ube 24 to the service val ve

vndlng “tube 24; refrigeraft

adjusting the high—loﬁ pressure in the refrigeration cycle.

The above expansion device is intended to reduce the
expansion amount of a refrigerant in the case that the
refrigerant piping is longer.

Also, the above expansion device is intended to reduce
the expansion amount of the refrigerant by the controller in the
case that the'réfrigerant piping is longer and a refrigeration
cycle for heating opefation is constituted.

Furthér, the abovg ekpansion device comprises a main
expansion element for permitting a refrigerant to flow in a
refrigeration cycle for cooling operation or a refrigeration
cycle for heating operation; an auxiliary expansion element
connected in series to the main expansion element for
permitting a refrigerant to flow in a refrigeration cycle for
heating operation; a refrigerant bypass passage for bypassing
either of the main expansion element and the auxiliary
expansion element; and an opening/closing valve provided on the
bypass passage, wherein the opening/closing valve is opened in
reducing the expansion amount of the expansion device by the
controller.

The above bypéss passage further comprises an auxiliary
expansion element. LY

Name;y, according to the air conditioner of the present

- -invention thus constructed, in the case that the refrigerant
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t he romrd|V|drng—fube—%%—%e—%he—Fece|ver tank 8; refrigerRﬁPLACENHHﬂB&HEET

cpnnetts the fl |V|d|ng tube 23 to the flow dividing tybd 2Z2Z; and

refrigerant plp Fhe flom/d|V|d|ng tube 23 to th?B?KﬂPﬂ@hon
devi ce 9 El :

 piping for;connectlng the external heat exchanger to the

interpaiﬁhgat exchanger is long so that the resistance due to
the ref;igerént piping is enlarged, it is possible to usually
keep tﬂe difference between the high pressure and low pressure
of the refrigerant ih the refrigeration cycle withiﬂ the
specified range by adjustment of the expansion amount
(resistance) of the expansion device. Accordingly, it is
possihie to usually keep the refrigeration cycle in the optimal

. condition irrespective of the length of thé'refrigerant piping.-

'BRIEF DESCRIPTION OF THE DRAWINGS

Fig.:' 1 is a refrigerant-circuit diagram of'én air
conditioner showing a first embodiment of- the present
invention;

Fig. 2 is a perspéctive view showing a main part of an
externélfunit of the air conditioner according to the first
embodiment of the present invention;

Fig. 3 is a perspective view showing a main part of a
receivef tank of the air conditioner according to the first
embodiment of the present invention;

Fig. 4 is a side view showing a main pért.of the receiver
tank-of the air conditioner according to the first embodiment
of the present invention; | Y

Fig. 5 is a refrigerant circuit diagram showing a main

part of a second embodiment of the present invention;
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Set<up-switch 36 provided on the |nternal unit 4, sets thg WMM SHEET
hgatlng operations. The actual disposition and shape of the plplng Tt
receiver tank 8 and the vicinity thereof are shown in Figyrdgs %Qéln
the air conditioner 1 having the abovg construction, the internal uni't

and the external unit 2 are disposed Separately fron1each otrer—and
accordingly, the length

Fig. 6 is a refrigerant circuit diagram showing a main
part of a third embodiment of the present invention;

Fig. 7 is a refrigerant circuit diagram showing a main
part of a fourth embodiment of the present invention; and

Fig. 8 is a refrigerant circuit diagram showing a main
part of a check valve of the air conditioner of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

| Hereinafter, the preferred embodiments will be described
with reference to the drawings. Referring to Fig. 1, reference
numeral:1 indicates an air conditioner, which includes an
external unit 2 and an internal unit 4 connected to the external
unit 2‘by a refrigerant piping 3.
The external unit 2 mainly includes a compressor 5, four-"—
way valve b6 for switching operations between heating and
" cooling, an external heat exchanger T, a receiver tank 8, an
expansion device 9, two accumulators 10 and 11, and a controller
12 for controlling an opening/closing valve 17 constituting the
above expansion device 9.
. The internal unit 4 mainly includes an internal heat
exchanger 13 and a controller 14 for controlling a cooling
operation and heating operation.. These'cohﬁLnents are

connected to each other by a refrigerant piping, to thus

constitute a refrigeration cycle. When the four-way valve b is
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of the refrigerant piping 3 can be |onger or shorter depe

ipstalled location. First, there will be -described a "sta EgcgﬂgﬂﬂESHEET

| ayout wherein the refrigerant has a |l ength of |ess than{19m In this cage
the set-up switch 19 of the external unjt 2 is set to [itls 08siihigssd
pi ping" setting during installation (F the state that tjhg swtch 19 is

not set). Accordingly, the controller 12 al ways cl oses tHe

in the state as shown by the solid line of Fig. T, The
compressed refrigerant discharged from the compressor 5 is
eirculated through the internal heat exchanger 13, expansion
device 9, receiver tank 8, and external heat exchanger 7. 1In
the above, the internal heat exchanger 13 functions as a
condenser and the external heat eXchanger 7 functions as an
evapaorator. Thus, the heating operation is made by the
internal heat exchanger 13.

Also, when the four-way valve 6 is in the state as shown

by the dotted line of Fig. 1, the compressed refrigerant

discharged from the compressor 5 is circulated through the

external heat exchanger T, receiver tank 8, expansion device 9
and internal heat exchanger 13. -In-the-above, the internal
heat exchanger 13 functions as the evaporator and the external
heat exchanger 7 functions as the condenser. Thus, the cooling
operation is made by the internal heat exchanger 13.

In addition, during this refrigeration cycle (refrigerant
circuit), the external unit 2 and the internal unit 4 are
disposed separately from each other, and which are filled with
the refrigerant in such an amount as to correspond to the case
that the refrigerant piping 4 for connecting these units 2 and
4 to each other has a length of 25m'. When the length of the
refrigerant piping 3 is short, the excessivg‘refrigerant is
stayed in the receiver tank 8, and accordingly, the refrigerant

in a suitable amount can be usually circulated during the
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openi ng/ cl osing valve 17 in both the codling or heating
the cooling operation, since the refrigerant fron1th(ﬁgkﬁétﬁhﬁmﬂbSHEET

exchanger 7 passes the main expansi on el enent 15 and the
I s expanded only by the main expansiongel enent 15. Al so,
operation, since the refrigerant fromThe internal heat
the auxiliary expansion elenent 16 and the main expansio

P
N

refrigeration cyele.

heck valve IS,

C
;( | beaJt]ﬂaigév

‘hanger

Cl CIIBIIL .I.v,

2]
D
72)

pas

Here, an external fan and an internal fan for supplying

air to the external heat exchénger 7 and the internal heat

exchanger 13 are not shown.

The expansion device 9 is constituted of a main expansion

element (capillary tube) 15, an augziliary expansion element

(capillary tube) 16 connected in series to the main expansion

" element 15, an opening/closing valve 17 provided with a bypass

passage through which the refrigerant bypasses the auxiliary

expansion element 16, and a check valve 18 for permitting the

refrigerant to flow only in one direction (from the external

heat exchanger 7 to the internal heat exchanger 13).

In the heating operation, the refrigerant discharged from

the compressor 5 is condensed at the internal heat exchanger

13, being expanded by the expansion device 9, and then

evaporated at the external heat exchanger 7. At this time, the

refrigerant passes'through the expansion device 9 in order of

the auxiliary expansion element 16 and main expansion element

15 (the opening/closing valve 17 is in the closed state).

Accordingly, the high pressure refrigerant is expanded by an

amount set by the main expansion element 15 and the auxiliary

expansion element 16.

In the cooling operation, the refrigerant discharged from

the compressor 5 is condensed at the external heat exchanger T,

being expanded at the expansion device 9, and is evaporated at
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NV - it is expanded by the auxiliary expansion el ement éUQEAKXﬂWEBHhSHEET
expansi on elenent 15. Wth this "standard piping", since tthd system has 14
be filled with refrigerant work with an installation havigg| 08 JUN 199%

10 .

the internal heat exchanger 13, thus performing the cooling. At
this time, in the expansion devicé g, the refrigerant passes

the check valve 18 for bypassing the auxiliary expansion element
16, and thus passes only the main expansion element 15 (the
opening/closing valve 17 is in the closed state). Accordingly,
the high pressure refrigerant is expanded by an amount set only
by the main éxpansion element 15.

Next, in the heating operation at the time when the
opening/closing valve 17 is in the opening state according to a
signal from the controller 12, the refrigerant discharged from
the compressor 5 is condensed at the internal heat exchanger 13
to release the heaf, being expanded in the expansion device 9,
and is evaporated at the external heat exchanger 7. At this
time, in the expansion device 9, the refrigerant passes the
opening/closing valve 17 and the main expansion element 15 ih
this order. Accordingly, the high pressure refrigerant is
expanded in an amount set only by the main expansion element
15.

Reference numeral 19 indicates a set-up switch, which is
set in the case that, in the disposition of the external unit 2_

" and the internal unit h; the length of the refrigerant pipiné 3
for connecting the external unit 2 to. the inte;nal unit 4§ is-
more thah a specified dimension (for example, Yin the range of
from 15 to 25m). 1In the case that the length of the

refrigerant piping 3 is within the specified value (for example,
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"1 onger pi ping",

refrigerant remains in the receiver tank 8 and the accunul d
thereby preventing the refrigerant fromremaining in the hqat
and 13. The excessive refrigerant
during the cooling operation,
and 11 during the heating

less than 15m),

i S somewhat excessi ve.

the exg éHBWLA@EMENT §HEET

t grs—to—amrd—4

SRR 7

ccumiulators 1

remgians mainly in the reqei
remains in the tw

whereas 1t

the set-up switech is not set. —the—

installation works for the external unit 3, for example, in

connection of the refrigerant piping 3 or the wiring 20, the

set-up switch 19 is switched according to the installation

dimension of the refrigerant piping 3.

When the heating operation is carried out in the case

that the set-up switeh 19 is set, the controller 12 outputs a

signal for opening the opening/closing valve 17.

In addition, as shown in Fig. 2, the set-up switch 19 is

provided on a terminal board 21 connected to the wiring 20 of

the external unit 2,

terminal cover 22 is mounted.

Also, "in Fig.

and is intended not to be operated when a

T, reference numeral 23 indicates a flow

dividing tube for connecting the external heat exchanger 7T,

expansion'device 9 and receiver tank 8 to each other; 24 is a

flow dividing tube for connection of a service valve 25; 26 is a

flow dividing tube for connection of a hot gas bypass tube 27.

Further, reference numeral 28 indicates an opening/closing

valve provided on the hot gas bypass tube 27, which is opened

according to a signal from the controller 12 in a defrost

operation, to introduce part of the high temperature refrigerant

from the compressor 5 to the external heat exchanger

(evaporator) T through the refrigerant pipin® 29 (connecting the

external heat exchanger T to the flow dividing tube 27), thus

performing the defrost of the external heat exchanger 7.
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operatlon As shown in Figures 3 and 4, the receiver tankjﬂﬂimmxmaﬁﬁfgﬁ EP

the refrigerant circuit between the external heat exchange
expansi on device 9 by a single refrigerant pipe 33, so thft{during the
cool i ng operation, any excessive liquid refrigerant is gradpal0i8 JONASRE i
the tank 8 fromthe | ower portion by The pressure of the fejrigerant
circuit. In a conventional |ayout using refrigerant inletjand

Reference numeral 30 indicates a refrigerant—piping-for——-'
connecting the flow dividing tube 26 to the flow dividing tube

=)

23, which i§ intended to introduce part of the high temperature
refrigerant supplied through the opening/closing valve 28 to the
flow dividing tube 23. Reference numeral 31 indicates a |
refrigerant piping for connecting the external heat exchanger 7
to the flow dividing tube 24; 32 is a refrigerant piping for
connecting the flow dividing tube 24 to the service valve 25;
33 is a refrigerant piping for connecting the flow dividing
tube 23 to the receiver tank 8; 34 'is a refrigerant piping for
connecting the flow dividing tube 23 to the flow dividing tube
24; and 35 is a refrigerant piping for connecting the flow
dividing tube 23 to the expansion device 9.

Reference numeral 36 is a set-up switeh provided on the

- internal unit 4, by means of which the cooling operation and
the heatiné operation are set.

In addition, the actual disposition and the shape of the
piping in the receiver tank 8 and the vicinity thereof are shosn
in Fig. 3 or 4.

In the air conditioner 1 having the above construction,
the internal unit 4 and the external unit 2 are disposed
separatély from each other, and accordingly, the refrigerant
piping 3 needs to be made longer or is suffi®ient to be shorter
according to the installed location.

First, there will be described the standard piping
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outlet tubes in the refrigerant circuit, noise is generated 6ﬂﬂﬂMéEEﬂﬂquﬂﬂﬁn‘

t he fl ushed sound of the refrigerant. Fbmever with the desqrilb
enbodi nent, it is possible to prevent the fl ush of refri ger gnt '@8tﬂm1iﬁ)2k
8 so any flush sound is suppressed. A0, since the _

wherein the refrigerant has a length less than 15m. 1n tHiS
case, the set-up switch 19 of the externai unit 2 is at the "
standard piping" in the installation works (in the state that
the switch 19 is not set). Accordingly, the controller 12
always closes the opening/closing valve 17 in both the cooling
operation or the heating operation. In the cooling operation,
since the refrigerant from the external heat exchanger T passes
the main expansion element 15 and the check valve 18, it is
expanded only by'the main expansion element 15.

Also, in the heating operation, since the refrigeranf
from the internal heat exchanger 13 passes the auxiliary
expansion element 16 and the main expansion element 15, it is
expanded ‘by the auxiliary expansion element 16 and the main
expansion element 15.

In this standard piping, since the reffigerant is filled
to correspond to the case of the longer piping, it is somewhat
excessive; however, the excessive refrigerant is stayed in the
receiver tank 8 and the accumulators 10 and 11, which makes it
poSsible to prevent the refrigerant from being stayed in the
heat exchangers 7 and 13 to the utmost.

Thé excessive refrigerant is stayed mainly in the
receiver tank 8 in the cooling'operation, whgreas it is stayed
in the two accumulators 10 and 11 in the heéiing operation. As
shown in Figs. 3 and 4, the receiver tank 8 is connected to the

refrigerant circuit between the external heat exchanger 7 and
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-13-;Lomér portion of the tank 8 is connected to the reerEBLAGENE%HESHEEE

the refrigerant piping 33, the return of the refrigerantijing the reTrrgerin
circuit is rapid. The case where a "longer piping" runig$ qq% N0
be described in which the refrigerant pjping has a IengtT e range o]

from15 to 25m In this case, during™ ~

the expansion device 9 by one refrigerant piping 33, so that™in
the cooling operation the excessive liquid refrigerant is
gradualiy.stayed in the tank 8 from the lower portion by the
pressure of the refrigerant circuit.

In the conventional structure including two refrigerant
pipingé of inlet tube and the outlet tube on the way of the
refrigerant circuit, there occurs the noise through the echo of
the flushed sound of the refrigerant; however, according to the
structure of this embodiment, it is possible to prevent the

flush of the refrigerant in the tank 8 and hence to suppress

the flush sound to the upmost. -Also, since the lower portion of

the tank 8 is connected to the refrigerant circuit by the
refrigerant piping 33, the return of the refrigerant in the
refrigerant circuit is made rapid.

Next, there will be described the case of the the longer
piping wherein the refrigerant piping has a length in the range
of from 15 to 25m. 1In this case, in the installation works, the
set-up switeh 19 of the intermal unit 2 is set at the "longer
piping" (in the state that the switch 19 is set).

In the case that the set-up switeh 19 is set at the "
longer piping", the controller 12 opens the opening/closing

valve 17 when the heating operation is started. In the cooling

- operation, the refrigerant from the external %heat exchanger T

passes through the main expansion element 15 and the check valve

18, and accordingly, it is expanded only by the main expansion
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i nstallation, the set-up switch 19 of the internal unit 2 {REELACEHHEHESHEET

"Longer piping" node (in the state that the switch 19 is s tﬁ. When t he
set-up switch 19 has been set at the "l onger piping" set

controller

operation is started. During its cooling operation, the refrigerant—front

t he external heat exchanger 7 passes through the
"element 15. On the other hand, in the heating operation,

9.0 8 JUNE1996
hé heati.ng

12 opens t he openi ng/ cly@si ng val ve 17 and.

coﬁtroller 12 opens the opening/closing valve 17, the
refrigerant from the internal heat exchanger 13 passes through
the opening/closing valve 17 and the main expansion element 15,
and it is expanded only by the main expansion element 15.

Accordingly, when the refrigerant piping has a long size
and the refrigeration cycle is set at the cycle for heating
operation, the expansion amount is reduced under the
consideration of the expansion resistance due to the
refrigerant piping 3, so that even in the longer refrigerant
piping 3, the total of the expansion amount due to the
refrigerant piping 3 and the expansion amount due to the
expansion-device 9 is almost equal to the expansion amount due
to the expansion device 9 in the case of the shorter refrigerant
piping 3. Accordingly,-it is possible to keep the high-low
pressure difference in the refrigeration cycle to be an
approximately equal value (within a specified allowance range)
irrespective of the length of the refrigerant piping 3.

As a conseguence, it is possible to solve the
disadvantages that the flow of the refrigerant becomes uorée
for the longer refrigerant piping 3 and the refrigerant is
stayed in the internal heat exchanger 3, and that tﬁe
temperature of the discharged refrigerant pﬁ;the compressor is

excessively increased and thereby the safety apparatus (not

shown) is operated.
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nai n expansion el enent 15 and the check valve-18, and is ex g.ﬂl bSHEE??
e

the main expansion elenent 15. On the other hand, during th
the controller 12 opens the opening/closing val ve L708 JgN 1995 ;

operati on,
refrigerant fromthe internal heat exclifiger 13 passes thr

heat i ng

f

t he
openi ng/ cl osing valve 17 and the mai n expansion el enment 15, and rt—Ts— I

expanded only by the main expansion el enent 15.

Also, in the air conditioner 1, since the switch 19 Tor
setting the longer piping ahd the standard piping is disposed
in the exFernal unit 2, it is ppssible to set the the set-up
switch 19 along with the connection works of of the external
unit 2 and the wiring 20.

Also, after connection works at the external unit 2 in
which the installation dimension of the refrigerant piping 3 is
determined, the set-up switech 19 is set, so that it is possible
to prevent the mistake in setting the set-up switeh 19.

Further, the set-up switeh 19 is disposed in the external unit
2, and accordingly, when being set once, it is not re-set if the
length of the refrigerant piping is not changed. Also, since
the set-up switch 19 includes the terminal cover 22, it is

possible to eliminate the fear that the operator touches and

operates it carelessly.

Fig. 5 is a refrigerant circuit diagram showing a main
part of an expansion device Sa showing a second embodiment of
the present invention. In this case, the expansion device 9a
includes an auxiliary expansion element 40 through which the
refrigerant flows in the heating operation, a check valve 141
connected in parallel to the element, a main expansion element
42 connected in series to the auxiliary expansion element 40,
and an opening/closing valve 43 connected .if® parallel to the
element.

In the case of the longer piping (in the state that the

_.“\—h
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Accordingly, when the refrigerant piping is long and the
cycle is set for heating operation, the - 14- expansio
reduced due to the expansion resistance of refrigeran
that even in the 17

anpunt IS

i B §IJUN, 1958

_—

set-up switch is set), the opeing/closing valve 43 is opened iIn
the heating operation by the controller (not shown). 1In the
case of the standard piping whe;ein the refrigerant piping 3 has
a standérd length, the refrigerant passes though the auxiliary
expansion element 40 and the main expansion element 42 to be
expanded in the heating operation. In the case of the longer
piping wherein the refrigerant piping 3 has a longer length,
the refrigerant passes only through the auxiliary expansion
element 40 to be expanded in the heating pperation.
Accordingly, ‘when the refrigerant piping 3 is longer, the
expansion amount at the expansion device 9a is made smaller, to‘
thus adjust the'high-iow pressure difference in the
refrigeration cycle. |

‘Also, Fig. 6 is a refrigerant circuit diagram showing a
main part of an expansion device Sb of a third embodiment of
the present invention. In this figure, the expansion device 9b
includes a main expansion element 50 through which the
refrigerant flows in the heating operation, an opening/closing
valve 51 connected in parallel to the elemenf, an electric

~ expansion valve which is connected in parallel to the element

50 and is controlled such that the opening is made smaller in
the heating operation than that in the cooling operation.

In the case of the longer piping (in the state that the
set-up switch 19 is set), the opening/closing valve 51 is

opened in the heating operation by a controller (not shown).
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| onger, refrigerant piping 3, the total of the expansion REPRA
refrigerant piping 3 and the expansion anount due to thejfe 'E i eS EET
is al nost equal to the expansion anount due to the expangi pn_device 9 In

the case of the shorter refrigerant piygng 3. Thus, it i 088 YUN 1995 k
the high-low pressure difference in the refrigeration cyclie.to an

approxi mately equal value (within a specified allowance Jrange) IT I ye
of the In the case of the standard piping wherein the igerant

piping 3 has a standard length, the refrigerant passes through
the electric expansion valve 52 and the main expansion element
50 to be expanded in the heating operation. 1In the case of the
standard piping wherein the refrigerant piping has a standard
length, the refrigerant passes only through the electric
expansion valve 52 to be expanded at the heating operétion.
Accordingly, when the refrigerant piping 3 is longer, the
expansion amount at the expansion device 9b-is made smaller, to
thus adjust the high-low-pressure difference in the
refrigeration cycle. |

Further, Fig. 7 is a refrigerant circuit diagram showing
a main part of-aﬁ expansion device 9c of a fourth embodiment of
the present invention. In the above expansion devices 9, 9a and
9b, in particular, when the heating operation is stafted with
the opening/closing valve 17 being opened, there exists little
a pressure difference-across both ends of the opening/closing
valve 17; however, since the valve body in the check valve 18 is
vibrated due to the pressure difference generated by the
pulsation of the compressor 5 to generate the noise (there
occurs-the so-called chattering phenomenon), the expansion
deviée 9¢ in this embodiment includes an auxiliary expansion
element 60 disposed in series fo the openingﬁélosing valve 1T7.

The auxiliary expansion element 60 is constituted of a

tube having an inside diameter of 4.5mm smaller than a bypass

—_—
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Iengtb'of'the refrigerant piping 3. As a consequence, it i LACBQEQHHSHEET

to overcone the disadvantages that the flow of refrigerarjt |pbecones worse
for the longer refrigerant piping 3 and the refrigerant is $kdptOBrIliNE99s
i nternal heat exchanger 3, and that the tenperature of tHe{ discharged
refrigerant of the conpressor is exCessively increased agd thereby tne

safety apparatus_ (not shown) is operated. . :
tube 61 having an inside diameter of 3mm. This auxiliary

expansion element 60 is intended to make the pressure difference
between the upstream side and the down stream side at about

0.01 to 0.05kg/cm?, and which has a lowest resistance as
compared with the expansion elements 15 and 16.

Fig. 8 is a sectional view of the check valve 18, wherein
reference numeral 18a is a valve body made of nylon, and is
provided with a weight 18b made of metal. The valve body 18a
is set at a specific gravity of from 1.15 to 1.20 g/cm?
slightly heavier than that (1.1g//cm?) of the refrigerant

"liquid. Accordingly, as shown in Fig. 8, even in the state
that the check valve 18 is disposed in the longitudinal
direction, and the refrigerant liquid reaches to the check
valve 18 from the up and down directions, the valve body 18 is
prevented from being floated in the refrigerant liquid.
Reference numeral 18c indicates a valve seat, and 18d indicates
a stopper.

Accordingly, when the opening/closing valve 17 is opened,
the pressure difference across the opening/closing valve 17 is
keét to be 0.01 to 0.05 Kg/cm? by means of the auxiliary
expansion element 60. Thus, since the pressure is applied in
the direction of closing the check valve 18, the check valve 18
is free of the chattering phenomenon. = {

Also, in starting the compressor 5, while the pressure

difference across the opening/closing valve 17 provided with the
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ext er nal

piping 3 is —

the air conditioner 1, since the swtch 19 for settifg
pi pi ng" or "standard piping" is disposed in the externa Jn?t é Nhé I S
possible to set the switch 19 at the sanme tine as the canweiﬁ #4 P s
the external unit 2 and the wiring 202gre done. Fol | ow pgleonnect|on of

| REFLACEMENT SHEET]
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unit 2 in which the installation dinension of the refrigerant

auxiliary expansion element 60 is small yet, the valve body 18a
of the check valve 18 is heavier than the refrigerant liquid to
be prevented from being floated, thereby preventing the
chattering pﬁenomenon to the utmost.

In addition, by provisiqn of the auxiliary expansion
element 60, the chattering phenomemon of the check valve is thus
prevented. This chattering phenomenon is generated until the
refrigerant pressure of each refrigerant piping becomes
somewhat stable. Accordingly, there may be adopted the
following manner; namely, in the case of the longer piping,
upon the starting of the heating operation, without the
auxiliary expansidn element 60 in this embodiment, by means of
the controller 12 for controlling the opening/closing valve 12,
the opening/elosing valve 17 is opened so as to retard the |
opéning by a specified time, for example, 3. 5 min. (required
for somewhat stabilizing the refrigerant pressure of each
refrigerant piping) since thé starting of the operation of the
compressor 5, thus preventing the chattering phenomenon.

'~ Also, there may be used a capillary tube and a conduit in
which the midway portion is crushed as the auxiliary expansion
element 60.

As described above, accdrding-to the air conditioner of
the present invention, since the énntroller~1§ opens the
opening/closing valve 17 in the heating operation, the

refrigerant is allowed to flow in the opening/closing valve 17
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determ ned, the switch 19 is set, so it is inpossible to MPLAEEM%&IEBT

setti'ng switch 19. Further, the set-up switch 19 is dispqsqd 1n tnhe

external unit 2, and accordingly, oncée set, it will not reed‘jg;ﬁﬁqi et
unl ess the length of the refrigerant piping is changed. Al 4o, sSince the
set-up switch 19 includes the ternin%a

to reduce the expansion resistance of the refrigerant.
,Consequently; in the case that the refrigerant piping is longer
than the specified dimension and the expansion resistance is
larger, it is possible to allow the refrigerant to smoothly
flow in the refrigerant circuit, aEd to perform the control
according to the condition in such a case. ‘Namely, in the case
that the refrigerant piping 3 for connecting the external heat
exchanger T to the internal heat exchanger 13 is madé longer,
and the resistance due to the refrigerant piping 3'is large, it
is possible to keep the high-low pressure difference of the
refrigerant in the refrigeration cycle within a specified range
.by adjustment of the‘expansion amount of the expansion device 9.
Accordingly, it is possible to usually keep the refrigeration
cycle at the suitable state irrespective of the length of the

refrigerant piping.

_—
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cover 22, it is possible to elinminate any risk of the uchi ng and
operating it accidentally. Figure 5is a refrigerant ci LACERu, "HE
showing the nmain part of an expansion device 9a als| ET
enbodi nent of the present invention. by this case, thefe p?gf @ﬂ devi c

I ncl udes an auxiliary expansion el enemt 40 t hrough whi f P%er ant
flows in the heating operation, a-check valve 41 conn parallel

[T \

1. An air conditioner comprising a refrigeration cycle using

S

a refrigerant compressor, a four-way valve, an external heat
exchanger, an expansion device,,and an internal heat exchanger
in such a manner that these componenrts are separately mounted
in an external unit and an internal unit,

wherein said external heat exchanger is mounted on said
external unit; said internal heat exchange is mounted in said
internal_unit; both of said heat exchangers mounted in said
units aré connected to each other by means of a refrigerant
piping to form said refrigeration cycle; and a control means is
provided for changing the expansion amopnt_of-said-ékpansion
device according to the length of said refrigerant piping
thereby adjusting the high-low pressure difference in said
refrigeration cycle.
2. An air conditioner according to claim 1, wherein said
expansion device is intended to reduce the expansion amount of
the refrigerant by said control means in the case that said
refrigefant piping is long.
3. " An air conditioner according to claim 2, wherein said
expansion device comprising a main expansion element for
permitting a refrigerant to flow in a refrige?htibn cycle for
cooling operation or a refrigeration cycle for heating

operation; an auxiliary expansion element connected in series
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therefb a mai n expansion element 42 connected in series

rt—40,—ant—an openi gy
expansi on el eme /cl osing val ve 43 con #gﬁﬂggh

wi th the expansio m he case where "longer di

(i.e. the set-up gmllmm,m lmmllé set33 the opening/clodi e 43 js
opened in the heailhgcopérafloﬁ by he Tontroll er (not shgqwn). In the case
of "standard piping" wherein :

to said main expansion element for permitting a refrigerant to

c egdgl
ing8

flow only_in a refrigeration cycle for heating operation; a
refrigerant bypass passage for pypassing either of said main
expansion element and said auxiliary expansion element; and an
opening/closing valve provided on said bypass passage, wherein
said opening/closing valve is opened in reducing the expansion
amount of said expansion device by said controller.
4. An air conditionef according to claim 2, wherein said
bypass passage further comprises an auxiliary expansion
element.
5. - An air conditioner comprising a refrigeration cycle using
a refrigerant compressor, a four-way valve, an external heat
exchanger, ar expansion device, and an inteérnal heat’ exchanger-
' in such -a manmner that these components’ are separately mounted
in an external unit and an internal unit, thereby constituting
a refrigeration cycle for cooling operation of changing said
- four-way valve for evaporating a refrigerant by said internal
heat exchanger and a'reffigération-cyclé:for'heéting operation
of'dhénging:said'fodr-uay valve fof condénsing the refrigerant
by said external heat exchanger, -
wherein said external heat exchanger is mounted on said
external unit; said internal heat exchange is mounted in said
intefpal unit; both of said heat éxchangefsihbunted'in said
units are connected to each other by means of a refrigerant

piping to form said refrigeration cycle; ana a control means is
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t he refrlgerant -pi pi ng 3 has a standard Iength tﬁé refrlé LACE@QQ{ESHEET
t hr ough the auxi‘lTary expansion el'enent 40 and ‘the mai n ef{pdnsi on el enent

42 to be expanded “"I“ﬂmu}lm"mg,”meratlon In the case Jof OSWN1996

provided for changing the expansion amount of said expansion

device according to the length of said refrigerant piping and
the state of said cooling operation or said heating operation
thereby adjusting the high-low pressure in said refrigeration
cycle. |

6. | An air conditioner according te claim 5, wherein said
expansion device is intended to reduce the expansion amount of
a refrigerant in the case that said refrigerant piping is
longer.

7. - An air conditioner according’ to claim 5, wherein said
expansion device is intended to reduce the expansion amount of
the refrigerant by said controller in -the case that said
refrigerant piping is longer and a refrigeration cycle for-
heating operation is constituted.

8. An air conditioner according to claim 7, wherein said
expansion device comprising a hain expansidn element for
permitting a refrigerant to flow in a refrigeration cycle for
cooling operation or a refrigeration cycle for heating
operation; an auxiliary expansion elemént'connected in séries
to said main expansion element for permitting a refrigerant to
flow in a refrigeration cycle for heating operation; a
refrigerant bypass passage for bypassing either of said main
expansion element and said auxiiiary expanagon element; and an
opening/closing valve provided on said bypass passage, wherein

said opening/closing valve is opened in reducing the expansion
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"l.onger piping" wherein the refrigefant piping 3 has a |logger.length, the

refrigerant passemﬁﬂﬁ—auxi | iary expansion el NENT
expanded in the heal" Accordingly, when t he .U.A?EC.MHLSHEET
piping 3 is |onger nﬂmm "&[\" )unt at the expansi on}(dg¢vi g 8ﬁn3 mafle
smal l er, to thus adjtst®the ®w pressure difference in 9 J 6
refrigeration cycle. Figure 6 shoms a refrigerant circuit {di aaran1shOMAnq

t he
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amount of said expansion device by said controller.

9. An air conditioner according to claim 8, wherein
said bypass passage further comprises an auxiliary

expansion element.

10. An air conditioner comprising a compressor (5),
an expansion device (9), an internal heat exchanger
(7), and an external heat exchanger (13) connected in a
refirgeration circuit, the internal heat exchanger
being mounted in an intermal unit (4) and the external
heat exchanéer being mounted in a remote external unit
(2) and coupled in said refrigerant circuit by
refrigerant piping (3), characterised by control means
(12, 19, 17) for selectively permitting control of
operation of the expansion device (9) in dependence

upon the length of said piping (3).
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mai n part of an expansi on device 9b of a third enbodi nent of the present

|nvent|on in which the expansi on device 9b includes a }
el'enent 50 through which the refrigerant flows in t
operation, an opening/closing valve 51 connected in p

el ement, an electric expansion valve which is connectef

G
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Al lel to the

el ement 50 and is controlled such that the opening is
heati ng -operation than :
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°  ABSTRACT

ATIR CONDITIONER

An air conditioner includes a refrigeration circuit

that includes a refrigerant compressor (5) a four-way

valve (6), an external heat exchanger (13), an

expansion device (4), and én_internal heat exchanger

(7), these components being mounted in an external unit

(2) and an internal unit (4), wherein the external heat

exchanger is mounted in the external unit and the

internal heat exchanger is mounted in the internal

unit. The heat exchangers (7, 13) are connected to

each other by means of a refrigerant piping (3) to form

the refrigeration circuit. A control means (19, 12,

17) is provided for changing the expansion amount of

the expansion device (9) according to the length of the

refrigerant piping thereby adjusting the pressure

differential in the refrigeration current. With this

construction, it is possible to carry out the optimal

operation for a longer length refrigerant piping,

without the need to make the size of each unit larger.

FIGURE 1.

Thrs Sheet Has Been

Hllllll i Ill i

THIS SHEET HAS BEEN
REPLACED
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that>in the cooling operation. In the case of "l onger piping” (i.e._ when
tke sét - up switch 19 needs to be set), the opening/closing valve 5!”%%
'opened in the heatlng ‘Operation by a controller (not shown)fk THEX

"standard piping" wherein the refrigerant piping 3 has a stjdd@aAddiss

the refrigerant passes through the el ectric expansion val ve EZand t he mal'
expansi on el enent 50 to be expanded in , 16 APR W
ol
AIR CONDITIONER

The present iovention fela.:es to a splic-type air
conditioner in which an extermal unit having an excernmal
heat exchanger and an in:ernal unitc having an intermal
hea.: exchanger aze disposed sepa.ra.:ely from each other,
and r-speccive heat exchangers are connected to each
other by refrigerant piping to provide a refrigeration
cycle. '

An air conditicner of :h.is genezral :y'pe. is disclosed in

- Japanese patent publicacion No. sho $7-310S7 in which an

external heat exchanger 'is disposed outdoors and

connected by refrigerant piping to an interzal beat

exchanger which is disposed indoors. Since the iotewnmal
and exteznal heat exchangers are disposed separately from

‘each other, the leng:l;r. of a refrigerant piping for

cannectiag them together can va:ydepending on where the

hea.t:’ exchaangers are disposed. |

Also, since the diameter of the refrigerant piping is
generally limited to a specified value, when refrigerant
flows through it a specified resistance will be generated
in the piping which tends to increase in proparticn ta
the length of the piping. B |

Accordingly, when the resistance in che refrigerant
piping is large because the lengch of the piping is long,



{3
t he heatl ng operatlon In the case of "standard pi pi ng" whet LACE%@’T SHEET

refrigérant piping has a standard |ength, the -17- refrijg rant Bas ﬁ
only through the electric expansion valve 52 to be expanded ng

oper ati on.

-2- _
the amount of circulating refrigerant is reduced to less

than the designed value of the refrigeration cycle so the
required refrigeration ability of the system cannot be

cbtained.

To overcome this éroblem, largg capacity compressor a.nd
a receiver tank can be used but this has the disadvari.t:a.ge.
that they are not needed for I:he shorter refrigerant
piéing lengthé and thus are wasteful. Furthermore, the
intermal unit and ﬁhe external unit need to be larger,
thereby reducing the possibility of miniaturization of

these units.

It is therefore an object of the present invention to
provide an | air conditioner capable of optimal 6peration
even for longer refrigerant piping lengths without
increasing the size of the internal and external heé.t:
excﬁangers to enhance the ability of each component in
the refrigeration cycle. .

According' to the praseﬁt invention, there is provided an-
air conditioner comprising a comﬁressqr._ an expansion
" device, an intermal hea.t: exchanger, an external heat
exchanger and control means connected in a refrigeration
circuit, the internmal heat exchanger being mounted in an
internal unit and the external heat exchanger being
mounted in a remote extermal unit and coupled in said

refrigeration circuit by refrigerant piping characterised



Accordi pgly, when the refrigerant piping 3 is longer, the e
at *t he expansi on device 9b is nade snaller, to thus adjust
pressure difference in the refrigeration cycle. Figure 7 is
circuit diagramshowing the main part of an expansion devicg
enbodi nent of the present invention. In the above expansi)p
and 9b, in particular, when the :

refri ger ant

c 16(ARR f1898 t 1

devi ces 9, 94

in that the expansion deéice comprises at least a main
expansion element, an auxiliary expansicn'element and a
valve, the control_means being operable to open and close
the valve to direct refrigerant through either one or
both expansion elements to set the amounﬁ of expansion of
_ ‘the refrigerant in the expansion device in dependence
upon the connected leagth of the refrigerant piping

between the external unit and intermal unit ian the-

refrigerant cizcuit.

Praferably the valve is operable to direct the
refrigerant through only one expansion element to reduce
the amount of expansion of ‘the rafrigerant when the
refrigerant piping’beﬁween the external unit and intermal
unit in the rafrigerant; circuit is cvé: a specified

length.

Preferably, the control heans.ccntrols ;he operatiqn of
the expansion device when a heating operation is
initiated. |

In a preférred embodiment, the auxiliary expansion
element is connected in series to the main expansion
element through whick a refrigerant £flows in a
refrigeration circuit during a heating operation only and
the expansion device includes a refrigefdg: bypass

passage for bypassing the auxiliary expansion element.



heati ng.-operation is started with the opening/closing VREPEACRMERT gHEET
opé€ned;, there is little . pressure difference across bot h ere
openi ng/ cl osi ng val ve 17; however, since the valve body i val
18 is vibrated due to the pressure difference generate i on
t he conpressor 5 which al so generates noise the so-cgllied "chatte
phenonenon), = the expansi.on device 9c in this enbodimerft includes an

¥ : . - . Lo . . - 4 -

Preferably, the bypass passage comprises a second

a.u:_icil iary expansion element.

In the preferred embodiment, a four-way valve is provided

in the refrigeration circuit to allow switching between
a cooling operation wherein the intermal heat exchanger
evaporates the refrigerant and a heating operation
wherein the external heat exchanger condenses the

refrigerant.

Erefe:a.bly. the expansion device consists of a plurality
of capillary t:v_.r.bes and a valve to control the flow of

coolant through said capillary tubes.

.. With the air conditioner of the preseat invention it is
| possible to keep the .differ.en,.ce between the high..an'd low
pressure of the refrigerant :.n the refrigeration cycle
within a predetermined range by adjusting .the ‘expansion
amount _(:ésistance) of the expansion  device.
Accordingly, it is possible to usually keep the
refrigeration cycle in the optimal condition irrespective

of the length of the refrigerant piping.

Preferred embodiments of the invention will now be
described, by way of eximple only, with referance to the

accompanying drawings, in which:

Figure 1 is a refrigerant circuit diagram for a first



auxiliary expansion elenment 60 disposed in series with tjig tﬂ" : pgl ““'E?Ig
vakve 17. The auxiliary expansion el ement 60 conprises a Aav qu
i nsi de di aneter of 4.5mm smaller than bypass tube 61 whi c:&:;has an’insid

diameter of 3mm This auxiliary expansion el enent 60 is] ikt ¢&adsPR t1898rakle
the pressure difference between the upstream and downstrgam si des about
0.01 to O0.5kg/cnferr], which has a |ower
. -5- :

embodiment of air conditioner of the present inveation;

Figure 2 is a perspective view of part of an external
unit of the air conditioner of Figure 1;

E'J.gure 3 is a perspecc ive view of part of a receiver tank
of the air conditioner of Figure 1;

Figure 4 is a side view showing part of the receiver tank
of the air coriﬁitione: of Figure 1;

Figure 5 is # refrigerant circuit diagram of part of a
second embodiment of air conditioner of the present
invention;

Figure 6 is a refrigerant circuit diagram of part of a
third embodiment of air conditioner of the present
invention;

Figure 7 is a refrigerant circuit diagram showing part of
a fourth embodiment of air condicionér of the present
invention; and |

E‘igﬁre 8 is a refrigerant circuit diagram showing a part
of a check valve for use with an air conditioner of the

-

‘present . invention.

Referring to Figure 1, there is shown an air conditiomer
1, which includes an extérnal unit 2 and an intermal unit
4 connected to the external ﬁnit: 2 by refrigerant piping

3.-

The external unit 2 includes a compressor 5, a four-way
valve 6 for switching between heating and cooling

opera:iéns. an external heat exchanger 7, a receiver tank



-18- resistance conpared with the expansion el enents 15 and E
a;ssectional view of the check valve 18 which .has a val ve bod)
nyl on, and a netal weight 16 APR 1998

-6-

8, an expansion device 9, two accumulacors 10 and 11, and
a controller 12 for controlling an opening/closing valve

17 constituting the above expansion device.9.

The intermal unit 4 includes an intermal heat exchanger
13 and a controller 14 fc.r controlling the cooling
operation and hgaci:;.g operations. These componeizt:s are
connected to each other by refrigerant piping to thus
constitute a refrigeration cycle. When the four-v)ay
valve § is in the state shown by the solid line in Figure
1, the compressed réfrigeranc discharged from the
compressor S is circulated through the intermal heat
exchanger 13, expansion device 9, receiver tank 8, and
external heat exchanger 7, the intermal heat exchanger 13
functioning as a condenser and the extermal heat
exchanger 7 functioning as an evaporator. Thus, the
heating operation is car‘ried' out;'. by the intermal heat

exchanger 13.

When the four-way valve § is in the state shown by the
dotted line in Figure 1, the compressed refrigerant
discharged from the compressor S is circulated through
the extermal heat exchanger 7, recéiver tank 8, expansion
device 9 and internmal heat exchanger 13. the internal
heat exchanger 13 funccioning as the evaporator and the
external heat exchanger 7 functioning as the condenser.
Thus, the cooling operation is carried out by the

internal heat ei:changer 13.



18b fitted thereto. The val ve body 18a is set at a ﬂﬁ O
from1:15 to 1.20g/cnferr] which is slightly heavier than t L

(1.1g/cnferr]) of the refrigerant liquid. As shown in Figur] even when
the check valve 18 fromthe up and down directions the val Vi lbolié ARR (1898
prevented fromfloating in the refrigerant |iquid. Reference fhuneral 18c
I ndi cates a val ve seat, and 18d indicates a stopper.

-7-

In additien, during the refrigeration cycle (refrigeranc
circuit), the extermal unit 2 and the intermal unit 4 are
disposed separately from each other and filled with the
| quancity of refrigerant required for connéc:ing units 2
and ¢ te each other with piping 3 h.a.vin;g a length of 25m.
When the length of the refrigerant piping 3 is shoret,
excess refrigerant remains in the receiver tank 8 so a
suitable amount of refrigerant can be circulated during

the refrigeration cycle.

Here, an external fan and an intermal fan for supplying
air to the externmal heat exchanger 7 and the internal
beat exchanger 13 are not shown.

The expansion device 9 comprises a main expansicn element
. (capillary tube) 1S5, an auxiliary expansion element
(capillary tube) 16 connected in series to the ma:.n
expansion element 1S, an. ope_ni.ﬁg/closing valve 17
provided with a bypass paséage through wﬁich the
refrigerant bypasses the auxiliary expansion element 16,
- and a check valve 18 for -pemitting the refrigerant to
flow only in one di:ectién (from the extermal heat
exchanger 7 to the intermal heat exchanger 13). |

In the heating operation, the refrigerant discharged from
the compressor S is condensed at cthe ixit:enx'a.l heat
exchanger 13, expanded by the expansion device 9, and

then evaporated at the external heat exchanger 7. The



Accordingly, when the opening/closing valve 17 is opened, t
difference across the valve is kept between 0.01 and 0. 05Kgfc Tt
means of the auxiliary expansion elenment 60. Thus, since th ;r?§§%g§1%%§
applied in the direction of closing the check valve 18, it gsgf’ ' :
"chattering” phenomenon. Also, during starting of the conpriessar.b. ywhile
the pressure difference across the opening/closing valve 1

Iy

oy

reEri'ge'ranc' then passes through the expansion device 9,
the auxiliary expansion elemenc 16. and main expansion
element 15 (the opening/closing valve 17 is in the closed
state). Accordingly, ._ the high pressure refrigerant is
expanded by an amount set by the main .expansion' element

15 and the auxiliary expansion . element 16.

In the co§ling cperation, the refrigerant discharged from
the compressor 5 is condensed at the external heat
exchanger 7, expanded at the expansion device 9, and then
evaporated at the intermal heat exchangér 13, thus
pe:fcmin§ the cooling function. At this time, in the
expansion device 9, the refrigerant passes through the
check valve 18 thei:eby bypassing the auxiliary expansion
element 1.6, and passing to only the main expansion
element 1S (the opening/clos:‘.n:g; valve 17 is in the closed
~ state). Accordingly, the high pressure refrigeraﬁ: is
expanded by an amcunt set only by the main expansion

element 1S.

Next, in the heating operation at the time when the
opening/closing valve 17 is in its open state according
to a signal received £from the controller 12, the
refrigerant diséharéed from the compressor S is.condensed
at the internal heat | exchanger 13 to release .t::he heat,
expanded in the expansion device 9, and evaporated at the
external heat exchanger 7. At this time, in the

expansion device 9, the refrigerant passes the




provided with the auxiliary expansion elenment 60 is stillj -

body 18a of the check valve 18 is heavier than the refri gmbﬁbm@m?
cannot float thereby preventing the "chattering" phenonenro -19 -

16 APR 1998

-9.

opening/closing valve 17 and the main expansion element
1S in this order.  Accordingly, the high pressure
refrigerant is expanded by an amount set oaly by the main

‘expansion element 1S.

A set-up switch 19, whiéh' is set when t:b.e- length of the
refrigerant piping 3 connecting the extermal unit 2 to
the intermal unit 4 is more than a specified dimension
(for example, in the range of from 1S to 2Sm). In the
case that the length of the refrigerant piping 3 is
within the specified value (for example, less than 1Sm},
the se.t:-u§ switch 19 is not set. During installation of
the ex:emé.l unit 2, for example, when the refrigerant
piping 3 or the wiring 20 are connected, the set-up
switch 19 will be switched depending on the installation

dimensions of the refrigerant piping 3.

When the heating operation is carried cut in the case
that the set-up switch 19 is set, the controller 12
outputs a signal for opening the opening/closing valve
17.

In addition, as shown in Figure 2, the set-up switch 19
is provided on a terminal board 21 connected to the
wiring 20 of the extermal unit 2, and is int:en&e_d not to

be operated when a terminal cover 22 is mounted.

Also, in Figure 1 there is shown a flow dividing tube 23



&

In addltlon by using the auxiliary expan5| on el errent 60, " Rj_g.‘( 7 Y P ——
t he check val ve is prevented. This "chattering” is generat uuuC;ﬁ;M".NTl‘SHEET

time as the refrigerant pressure in each refrigerant pipe bgcqnes, stabl e.
TS AR 198

Accordingly, in the case of the "longer piping", upon the stfart
heating operation, without the auxiliary expansion el ement @O _this
enbodi nent., by neans of the controller 12 for controlling the

-10 - —

connected to the extermal heat exchanger 7, expansion

device 9 and receiver tank 8; a flow dividing tube 24 is
connectad to a service valve 25; and ‘a flow dividing tube
26 is connectad to a hot gas bypass -tube 27. An
opening/closing valve 28 is provideci on the hct: gas
bypass tube 27, which is opened in response to a signal
received from the controller 12 when it is in its defrost
mode, to introducé part of the high temperatures
refrigerant from the compressor S to the extermal heat
exchanger (ev:apora:ar) 7 through the refrigerant piping
29 (connecting the extermal heat exchanger 7 to the flow
dividing tube 26), thus defrosting the extérna]_. heat

exchanger 7.

Refrigerant pipi;ng 30 connects the flow dividing tube 26
to the flow dividing tube 23, which is intended to
introduce part of the high temperature refrigerant
supplied th.rcug'h the cpem.ng/c:los:.ng valve 28 to the flow
dividing tube 23. Refrigerant: piping 31 comnects the
external heat exchanger 7 to the flow dividing tube 24;
refrigerant piping 32 connects the flow dividing tube 24
to the service valve 25; refrigerant piping 33 connects
the flow d:..v:.ding tube 23 to the receiver tank 8;
refrigerant piping 34 connects t:b.é flow dividing tube 23
to the flow dividing tube 24; and refrigerant piping. 3s
connects the flow dividing tube 23 cto the - expansion

device 9.



openi ng/ cl osing valve 12, the opening/closing valve 17 is
retard the opening by a specified tinme, for exanple, 3. 5}n
to stabilize the refrigerant pressure of each refrigerant pibi
starting of the operation of the conpressor 5, thus prevenfi
"chattering". Also, there may be used a capillary tube an
which the midway portion is crushed as the auxiliary

-11 -

Set-up switch 36 provided on the internal unit 4, sets

the cooling and heating operations.

The actual disposition and shape of the piping in the
receiver tank 8 and the vicinity thereof are shown in

Figures 3 and 4.

In the air conditioner 1 having the above comstruction,
the intermal unit 4 and the externmal unit 2 are disposed
separately from each other, and accordingly, the length
of the refrigerant piping 3 can be longer or shorter

depending on the instailed location.

First, there will be described a "standard piping" layout
wherein the refrigerant has a length of less.:han 1Sm.
In-:his case, the set-up switch 19 of the external uniﬁ
2 is set to its 'standard.'piping' setting during
installation (in the state that the switch 19 is not
set). Accordingly, the controller 12 always closeé the
opening/closing valve i?'in both the cooling or heating
operaticns; In the coo;ing operation, since the
refrigerant from the external heat exchanger 7 passes the
main expansion element 1S and the check valve 18, it is

expanded only by the main expansion element 1S.

' Also, in the heating operation, since the refrigeraat
from the internal heat exchanger 13 passes the auxiliary

éxpansion element 16 and the main expansion element 185,



candi ti-onet—oe

he

expansion el ement 60. As descri bed, above, with the aigL

prresent invention, since the controller 12 opens the oﬁpﬁ@%ﬁ?{'rﬁ[ﬁﬁﬂ

17 in the heating operation, the refrigerant is allowe
openi ng/ cl osi ng valve 17 to reduce the expansion resisfahc
refrigerant. Consequently, in the case that thelr
I's |longer than the specified dinmension. :

-12 -
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it is expanded by the auxiliary expansion element 16 and

the main expansion element 1S.

Wich this "standard pipiang”, since the system has to be

filled with refrigerant work with an imstallation having

"longer piping®, it is somewhat excessive.

However, the

excessive refrigerant remains in the receiver tank 8 and

the accumulators 10 and 11, thereby preventing the

refrigerant from remaining in the heat exc

13.

hangers 7 and

The excessive refrigerant remains mainly in the receiver

tank 8 during the cooling operation, wherze

as ‘it remains

in the two accumulators 10 and 11 during the heating

operaticn. As shown in Figures 3 and 4,

the receiver

tank 8 is connected to the ref:.figerant circuit between
the external heat exchanger 7 and the expansion device 9
by a single refrigerant pipe 33, so that during the

cooling operation, any excessive liquid refrigera:ic is

gradually stored in the tank 8 from the lower portion by

the pressure of the refrigerant circuit.

In a cenventional la.you.é | using refrigerant inlet and

ocutlet tubes in the refrigerant circuit, noise is

generated by the echo of the flushed sound ‘of the

refrigerant. However, with the described embodiment, it

is ‘possible to prevent the flush of refrigerant in the

tank 8 so any flush sound is suppressed. Also, since the



-and the expansion

refrigérant to smoothly flowin the refrigerant -20 -

performthe contr
the case that the

resistance is larger, it is possible to gr_ )

ol according to the condition in such a ¢age. Nanel in

13-

lower portion of cthe tank 8 is connected to the
refrigerant circuit by the refrigerant piping 33, the
return of the refrigerant in the refr_ige.;:"ant: circuit is

rapid.

The case where a "longer piping" run is required will now
be described in which the refrigerant piping has a length
in the range of from 1S to 25m. In this case, during
installation, 't:h.e set-up switch 19 of ﬁhe internal unit
2 is set ._to itcs 'longez_: piping” mode (in the state that

the switch 19 is set).

When the set-up switch 19 has been set at the *longer
piping*® . setting, the controller - 12 opens the
cpening'/ciosing valve 17 and the heating operation is
started. During its cocling oﬁ:.era.t:ion. the refrigerant
from cthe ‘external heat exchanger 7 passes through the.
main expansion element 15 and the check valve 18, and is
expanded only by the main expansion element 15S. On the

' other hand, during the heating operat:i;:n, the controller

12 opens the opening/closing valve 17, the refrigerant
from the internal heat exchanger 13 passes through the
opening/cleosing valve 17 and the main expansion element
is, and"it: is expanded only by the main expansion elemem‘..
1s. '

Accordingly, when the refrigefant: piping is long and the

refrigeration cycle is set for heating operation, the



refrigerant piping 3 for connecting the external heat excha?@ua_fagu;;;y;:,.
i nfernal heat exchanger 13 is made |onger, and the resistanCe e 4H
refrigerant piping 3 is large, it is possible to keep the Hig
difference of the refrigerant in the refrigeration cycle wijth

i N1 ARR3998 e

range by adj ustnent of the expansi on anmount of the expansi gnjdevice 9.

Accordingly, it is possible to usually keep the
-14 -

expansion amount is reduced dueTICO the expansion'
regsistance of refrigerant piping 3, so éha: even in the
longer fefrigeranc piping 3, the total of the expansion
‘amount due to the refrigerant piping 3-and‘the expansion
amount due to the expansion device 9 is almost equal to
the expansion amount due to the'expansion device 9 in the
case of the shorter refrigerant piping 3. Thus, it is
possible to keep the high-low pressure difference in the
refrigeration cycle to an approximately equal value
(within a specified allowance range) irrespective of the

length of the refrigerant piping 3.

AS a consequence, it is possible to overcome Cthe
disadvantages that the flow of refrigerant becomes worse
for the longer refrigerant piéing 3 and the refrigerant
is kept in the intermal heat exchanger 3, and that the
temperature - of the discharged refrigerant of the
compressor is exégssively ‘increased and thereby the

safety apparatus (not shown) is operatéd.

In the air conditiomer -1, since the switch 19 for setting
for "longer piping® or *standard piping® is disposed in
the external uait 2, it is possible to set the switch 13
at the same time as the comnection works of the externmal

unit 2 and the wiring 20 are done.

Following connection of the externmal unit 2 in which the

installation dimension of the refrigerant piping 3 is



refrigeration cycle at the required state irrespective of{RH¥e.A A

refri gerant piping. -21- 1. An air conditioner conpri
an expansi on device (9,9a,9b,9c), an internal heat €

(5)

. -15-
determined, the switch 19 is set, so it is impossible to

-make a mistake in setting switch 19. Further, the set-up

switch 19 is disposed in the external unit 2, and
accordingly, once set, it will not need to be raset
unless the length of the refrigerant éiping is changed.
Also, since the setc-up switch 19 includes the terminal
cover 22, it -is possible to eliminate any risk of the

operator touching and operating it accidentally.

Figure 5 is a refrigerant circuit diagram showing the
main part of an expansion device 9a of a second
embodiment of the present invention. In this case, the
expansion device 9a includes an auxiliary expansion
element 40 through which the resfrigerant flows in the
heating operation, a check valve 41 coanected in parallel
thereto, a main expansion element 42 connected in series
with the auxiliary expansion element 40, and an
opening/closing valve 43 connec.ted in parallel with the

expansion element 40.

Iz the case where "longer piping® is needed (i.e. the
set-up switch needs to be set), the cpening/closing valve
43 is opened in the heating operation by the controller
(not shown). In the case of "“standard piping* wherein
the refrigerant piping 3 has a standard length, the
refrigerant passes through the auxiliary é:;pa.nsioh
element 40 and the main expansion element 42 to be

expanded in the heating operation. In the case of



(7),

an i nternal

refrigerant

an‘ ext ernal heat exchanger (13) and control nmeans (12 R@L A
a refrigeration circuit, the internal heat exchanger (13) pep+eg—Hbt
unit (4) and the external heat exchanger (7) bgi
renote external unit (2) and coupled in said refrigeration

cﬂ@&g{t 1%

devi ce

piping (3) characterised in that the expansipn

(9,9a, 9b, 9c) conprises at, | east a mai n expansi on el ement ([L5, 42, 50),

-16 -

*longer piping* wherein the refrigerant piping 3 has a
longer length, the refrigeranc passes only 't:t;rough the
auxiliary expansion element 40 to be expanded in the
heating operation. Accordingly, when the refrigerant
piping 3 is longer, the expansion amount.: at the expansion
device 9%a i; made smaller, to thus adjust the high-low

pressure difference in the refrigeration cycle.

Figure 6 shows a refrigerant circuit diagram showing the
main part of an expansion devicé 9b of a third embodiment
of the present invention in which the expansion device 3b |
includes a main expansion elemeat 50 through which the
refrige:am; flows .in tche heating operationm, an
opening/closing valve Si connected in _naraliel to the
element, an electric expansion valve which is connected
in parallel to the element 50 and is controlled such that
.:he opening is made smaller in t:he heating operation than
that in the cooling cperation.

In the case of "longer piping® (i.e. when the set-up
switch 19 needs to be set), the opening/closing valve S1
is opened in the heating operation by a controller (not
shown). 1Ia the case of "sﬁandard piping® wherein the
refrigerant piping 3 has a standard leng:ﬁ, the
refrigerant passes thrcugh the electric e_xpan'_sion valve
S2 and ﬁhe main expansion element S50 to be expanded in
the hea.ting cp_era:ion. In lt:he case .of *standard piping".

wherein the refrigerant piping has a standard length, the



an auxi:liary expansion elenent (16, 40,52) and a valve (
- control means (12,19) being operable to open and cl ose t 5

to direct refrigerant through either one or both expansi qnJerements
(15, 42,50) (16,40,50) to set the anpbunt of expansion of f{
t he expansion device (9,9a,9b,9c) in dependence upon fth
| ength of the refrigerant piping (3) between the external
I nt er nal -17- '

refrigerant passes qniy through the electric expansion
valve 52 to be expanded | at the heating operation.
Accordinglir, when the refrigerant piping; 3 is longer, the
expansion amount at the expansion device 9b is made
smaller, to thus adjust the high-low preésure difference

in the refrigeration cycle. .

Figure 7 is a refrigeraat circuit diagram showing the
main part of an expansion device 9c of a fourth
embediment of the present invention. In the abave
expansion devices 9, 9a and 9b, in particular, when the
keating operation is started with the opening/closing
valve 17 being opened, there is little pressﬁ.re
difference across both ends of the opening/cleosing valve
17; bowever, since the valve body in the check valve 18
is vibrated due to the pressure difference generated by
the pﬁlsa.tion of th.e compressor S which also generates
ncise the so-called ) "cha:tering' phenomenon), the
expansion device 9c in this embodiment includes an
auxiliary expansion element 60 dispésed in series with

the opening/closing valve 17.

The auxiliary expa.:ision element 60 comprises a tube
having an inside diameter of 4.Smm smaller than bypass
tube 61 .which has an inside dia..met:_er of 3mm. This
auxiliary expansion element 60 is i.nte.nded't:o. make the.
pressure difference between the upstream and downstream

sides about 0.01 to 0.Skg/cm?, which has a lower



unit (4)

in the refrigerant circuit. 2. An air conditi o
in® claim 1 characterised in that the valve is operable t
refrigerant through only one expansion elenment to reduce t
expansion of [err] refrigerant plplng betmeen t he internal
refric specified | ength.
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resistance compared with the expansion elements 1S5 and

1s.

Figure 8 is a sectional view of the check valve 18 which
has a valve body 18a made of nylon, aﬁd a metal weight
18b fi::ed thereto. The valve body 18a is set at a
specific gravity of from 1.15 to 1.20g/cm?® which is
slightly heavier than that (L.1g/cm?) of the refrigerant
liquid. as shown ;n:Figure 8 even when the check valve
18 from the up and down directions, the valve bady 18 is
prevented from floaﬁing in the refrigeraat liquid.
Reference numeral 18c indicates a valve seat, and 1ad

indicates a stopper.

. Accordingly, when the apening/closing'valve 17 is opened,

the pressu:e difference across the valve is kept between
0.01 and 0.05Kg/cm® by means of the anle-ary expansion
element 6§0. Thus,_since the pressure is applied in the
dizectioﬁ of closing the check valve 18, it is free of
the *chattering* phenowenon.

Also, during starting of the compressor S, while the
preséu:e difference across the opening/closing valve 17
provided with the auxiliary ekpansion element 60 is still
small, the valve body 18a of the check valve 18 is
keavier than the refrigerant liquid so it caanot float

thereby preventing the "chattering® phenomenon.




-22- 3. An air
that the control

conditioner as claimed in claim 2 ¢REFLACEMA
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means (12,19) controls the operation of thg expansion

device (9,9a,9b,9c) when a heating operation is initiated 16 APR 1998
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In addition, by using the auxiliary exﬁ:ansion element 64,
"chattering® of the check valve is prevented. This
“chattering” is generated until such Cime -as the
refrigerant pressure in each refrigerant pipe becomes
stable. Accordingly, in the cése of tb:e *longer piping*®,
upon the starting of the heating operation, without the
auxiliary expansion element 60 in this embodiment, by
means of the controller 12 for controlling the
opening/closing valve 12, the opening/closing valve 17 is

cpened so as to retard the gpening by a specified time,

for example, 3. S min. (required to stabilize the

refrigerant pressure df each reirige'ra.nt: piping) since
the starting of the operation of the compressor S, thus

preventing "chattering*.

Also, there may be used a capillary tube and a conduit in

which the midway portionm is crushed as the auxiliary

expansion element £0.

As described, ébcve, with the air conditioner of the
present invention, since the controller 12 opens the

opening/closing valve 17 in the heating operation, the

. refrigerant is allowed to flow in the opening/closing

valve 17 to reduce the expansion resistance of cthe
refrigerantc. Consequently, in the case : that the
refrigerant piping is longer than the specifi'ed_.”dimensian
and the expansion resistance is larger, it is possible to

allow the refrigerant to smoothly flow in the refrigerant



4. An:air conditioner as clained in any preceding cl ai mchps®

that the auxiliary expansion el enent (16,40,60) is connecte
the mai n expansion elenment (15,42,50) through which a refri
a refrigeration circuit during a heating operation only and
(9,9a,9b,9¢c) includes a refrigerant bypass passage
the auxiliary expansion el enent (16, 40).

devi ce

e

-20-

t N6 APED 0K
{f or bypassing

circuit, and to perform the control according to the
condition in such a case. Namely, in the case that th%
refrigerant piping 3 for comnecting the external heat
exchanger 7 to the intermal heat exchanger 13 is made
longer, and the resistance due to the fefrigerant piping
3 is large, it is pcssihle to keep the high-low pressure
difference of the refrigerant in the refrigeration cycle
within a'specified range by adjustmenc'af the expansicn

amount of the expansion device $.

Accordingly, it is possible to usually keep the
refrigeration cycle at the required state irzespective of

the length of the refrigerant piping.



5. An air conditioner as clainmed in claim4 characterised ir :
bypass passage conprises a second auxiliary expansion el emr@gg@s@iﬂﬁm
air.-conditioner as clained in any preceding claimcharacterijsqgd by a
four-way valve (6) in the refrigeration circuit to alljoy HAPENESS
between a cooling operation wherein the internal heat exchanger (13)
evaporates the refrigerant and a heating operation

W] O N O -
%+ €c L M s I
L. An air conditioner cou_tprising a compressor (S), an

expansion device (9,9a,9b,9c), an internal heat exchanger
(7), an extermal heac. exchanger (13) and control means
(12,19) _ccnﬁect:ed in a refrigera.;:ion circuit, cthe
internal heat exchanger (13) being mounted in an intermal
unit (4) and the extermal heat exchanger (7 )l being
mounted in a remote extermal unit (2) and coupled in said
refrigerati circuic by refrigerant éiping' (3)
ghgw che expansion device (9,9a,9b,3¢)
comprises at least a main expansion elemenc (15 ,42,50),
an auxiliary expansion element (16,40,52) and a valve
(17,@3,51) ., the control means (12,13) being operable to
open and close the valve (17,43,S1) to direct refrigerant
through either one or both expansion elements (15,42,50)
(16,40,50) to setc the amount of expansion of the
refrigerant in the expansion device (9,9a,9b,9c) in
dependence upon the connected lengt:h of the refrigerant
piping (3) between the extermal unit (2) and intermal

unit (4) in the refrigerant circuit.

2. An air conditioner as claimed i.n. claim 1
ch.a.racc;erise_d in that the valve is operable to direct the
refrigeranc through only one expansion element to reduce
the amounc of expansion of ct |
refrigerant piping between the

internal unit (4) in the refric

specified length.



wherein the external heat exchanger (7) condenses the refrig

ACEMENT.SHEET

aif conhditioner as cla characterised in that said [err] gonsi sts of a
plurality of capillary tubes—9, 9a-9b9¢c) : 16 APR 1998
A ) O |
3. An air 'con_d.il:.i:ie‘r "as claimed ia claim 2

characterised in that the control means (12,19) controls
the operation of the expansion device (9,9a,9b,9c) when

a heating operacion is initiated.

4.. An air conditioner as claimed in any preceding claim
characterised in that cthe a.uxiliary expansion element
(16,40,60) is comnected in series to the main expansion
‘element (1S5,42,50) through which a refrigerant flows in
a refrigeration circuit during a heating operation only
and the -expansion device (9,92,9b,3c) includes a
refrigerant bypass passage for bypassing the auxiliary

expansion element (16,40) .

S. An air conditicner as claimed ia claim 4 -
characterised in that the bypass passage comprises a

second auxiliary expansion element (6Q).

§. An air conditioner as claimed in any preceding claim
characterised by a four-way valve (6) ia the
refrigeration circuit to allow switching between a
cooling cperation wherein the intermal heat exchanger (13)
évapora.tes the refrigerant and a heating operation

wherein the external heat exchanger (7) condenses the

refrigerant.

7. An air conditioner éé cla

characterised in thac said ex




and a valve (17,43,51) to control he flow of cool ant throug i -
capillary tubes (99a, 9b, 9c). - ﬁEPEAtE&E%ﬂ?SHEET

16 APR 1998
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consiscs of a pluralicy EE capillary tubes (3,9a,9b,9¢e)
and a valve (17,43,51) to control che flow af coolanc

chrough said capillary tubes (9,9a,9b,9¢c).
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‘ASSTRACT
AIR CONDITIONER

An air conditioner includes a rafrigeracion cizcuit
thac includes a rafrigeranc compressor (3) a Ecu:—wav
valve (§), an external heac exchanger (l1), ar
expansion device (4), and an intermal heat exchanger
(7T}, these components being mounced ia an excernal cait
(2_) and an intemmal unic (4}, wherein che exteznal heat
excha.&qe: is mouaced in the external unit and the

- internal heat exchangex is naun:e&. in the incernal
unic. The heat exchangeszs (7, 13) aze connected 3
each ather by means 'of a :ef::.ge:anu piping (3) to fo=m
cﬁe tefrigeration circuit. A contrel means (13, 12,
17) is provided for changing the expa.ns:‘.cn amount of
the exna.nsi.on device (9) according to :he lengch of che

: :eﬁ::.qe:a.n: piping thershy adjusting ..h.e pressure
differential in the refrigeration curzent. With this
construction, it is possible 1:a- carry owc the cptimal
operation for a2 longer lengch refrigerant pipiag,

without tha need tao 'mafke the size of each unit larger.
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