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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multiple-
system air-conditioning apparatus that air-condi-
tions a plurality of living spaces (see for example
EP-A-0 188 630).

2. Description of the Prior Art

Figure 1 shows another conventional multiple-
system air-conditioning apparatus for air-condition-
ing two rooms. In the figure, numeral 1 denotes a
compressor, 2 a four-way valve, and 3 an outdoor
heat exchanger. The compressor 1 and outdoor
heat exchanger 3 constitute an outdoor unit to
which two indoor units for rooms A and B are
connected in parallel.

The indoor unit for the room A comprises an
expansion valve 4 serving as a flow control valve,
an indoor heat exchanger 5, and an open-close
valve 13. Similarly, the indoor unit for the room B
comprises an expansion valve 7 serving as a flow
control valve, an indoor heat exchanger 8, and an
open-close valve 14.

For cooling the rooms A and B, coolant is
supplied in a direction indicated with continuous
arrow marks, and for heating the rooms, in a direc-
tion indicated with dotted arrow marks.

When cooling the rooms A and B, the expan-
sion valves 4 and 7 disposed on the liquid coolant
side (the coolant inlet side during the cooling op-
eration) of the indoor heat exchangers 5 and 8 are
opened or closed in response to an increase or a
decrease in air-conditioning loads of the indoor
units, to adjust flow rates of the coolant to the
indoor heat exchangers 5 and 8.

The open-close valves 13 and 14 disposed on
the gaseous coolant side (the coolant outlet side
during the cooling operation) of the heat exchang-
ers 5 and 8 block the coolant from entering the
heat exchangers 5 and 8 while they are out of
operation, and have no function of adjusting the
flows of the coolant.

When the indoor unit for the room A is required
to operate at maximum (100%) heat exchanging
capacity for cooling the room A and the indoor unit
for the room B at 10% capacity for cooling the
room B, the expansion valve 4 for the room A is
opened to a full extent to feed the coolant at a
maximum flow rate, and the expansion valve 7 for
the room B is adjusted to feed the coolant to the
room B at a flow rate of 10% of the maximum flow
rate.
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In this case, the flow rate of the coolant in the
indoor unit for the room B is very small compared
with its maximum capacity, so that the liquid cool-
ant may exist only partly around the inlet of the
indoor heat exchanger 8, and the remaining part of
the heat exchanger 8 may be occupied with super-
heated vapor.

Namely, as shown in Fig. 2, the inside of the
indoor heat exchanger 8 may involve a part 17
where the liquid coolant exists and a part 16 where
the superheated vapor exists. Room air that passes
through the part 7 where the liquid coolant exists is
cooled and dehumidified to provide dry air "a",
while room air that passes through the part 16
where the superheated vapor exists is substantially
not cooled or dehumidified to provide damp air
"b". These air portions "a" and "b" are mixed
together and supersaturated in the indoor unit 15,
thereby forming dew "c" over structural compo-
nents such as a casing, a nose, and a blow port
disposed inside the indoor unit 15.

If there is a similar imbalance in the air-con-
ditioning loads of the indoor units when heating the
rooms A and B, the indoor heat exchanger 8 for the
room B that receives a small quantity of the coolant
may excessively condense the coolant and hold a
large amount of liquid coolant in the piping thereof.
This may cause a shortage of the coolant in a
refrigeration cycle of the air-conditioning apparatus,
and thus deteriorating the performance of the com-
pressor 1 and overheating and breaking the com-
pressor 1. To avoid this trouble, a ratio between the
operating capacities of the indoor heat exchangers
5 and 8 must not be increased too large.

In this way, the conventional multiple-system
air-conditioning apparatus has a problem that, if
there is a big difference between loads required for
the indoor units when cooling rooms, the structural
components disposed inside the indoor unit operat-
ing under a light loads are bedewed. There is
another problem that, when heating the rooms with
the same large difference existing between loads
required for the indoor units, an excessive quantity
of liquid coolant stays in the piping of the indoor
heat exchanger operating under a light load. The
latter problem causes a shortage of coolant in the
refrigeration cycle of the apparatus, thereby dete-
riorating, overheating, and breaking the compres-
sor.

To supply a small quantity of coolant to the
indoor unit operating under the light load, it may be
possible to alternately supply and stop the coolant
at a relatively large flow rate, instead of supplying
the coolant at a very small flow rate. This, however,
raises another problem to fluctuate a temperature
in the room and give persons in the room an
unpleasant feeling.
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The conventional air-conditioning apparatus ad-
justs the opening of each flow control valve to
control the flow rate of coolant supplied to a cor-
responding room.

The capacity of the outdoor unit is sometimes
designed to be smaller than a total of capacities of
the indoor units, to reduce the cost of the air-
conditioning apparatus. This is made on an as-
sumption that rooms to be air-conditioned will not
simultaneously require a full load each. The out-
door unit, therefore, will be in a shortage of capac-
ity if all rooms simultaneously require a full load
each. If this happens, the conventional air-con-
ditioning apparatus cannot deal with this situation.

When a ratio between capacities (air-condition-
ing loads) required for the two rooms in Fig. 1
involves a big difference, for example, 1:9, a ratio
between flow rates of coolant supplied to the in-
door units will not always be 1:9 even if a ratio
between the openings of the flow control valves is
set o 1:9. As a result, a ratio between actual
performances of the indoor units will not be 1:9 so
that a user may not obtain required air-conditioning
performances.

The reason of this is partly because the coolant
is in a two-phase flow of gas and liquid, and partly
because the fitting conditions of flow dividers are
different. Due to these reasons, the coolant is not
always distributed according to a ratio between the
openings of the flow control valves.

The air-conditioning apparatus of Fig. 1 for air-
conditioning a plurality of rooms has only one
outdoor heat exchanger with which heat of the
coolant is discharged to atmosphere for cooling the
rooms, or heat of atmosphere is absorbed by the
coolant for heating the rooms. Namely, the single
outdoor heat exchanger is able to carry out only
one of the heat exchanging actions, and if the
cooling and heating requirements simultaneously
occur, it responds to only one of them.

In spring or fall in particular, different rooms
may simultaneously require the cooling and heating
actions due to differences in sunshine and individ-
ual temperature sensitivities in the rooms. To en-
sure comfortable air-conditioning in each room,
these requirements must be satisfied. The conven-
tions air-conditioning apparatus, however, is in-
capable of satisfying such simultaneous require-
ments.

SUMMARY OF THE INVENTION

An object of the invention is to provide an air-
conditioning apparatus that does not produce dew
over structural components disposed inside on in-
door unit operating under a light load during a
cooling operation, nor holds an excessive amount
of coolant inside the piping of an indoor heat ex-
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changer of an indoor unit operating under a light
load during a heating operation, thereby improving
the efficiency and reliability of a refrigeration cycle
of the apparatus and comfortably air-conditioning a
plurality of rooms without fluctuating room tempera-
tures even under light loads.

Another object of the invention is to provide an
air-conditioning apparatus that accurately controls
performances of a plurality of indoor units of the
apparatus according to a ratio between air-con-
ditioning loads required for the indoor units, and
even if a total of capacities of the indoor units is
greater than the capacity of an outdoor unit, prop-
erly controls the performances of the indoor units
according to the required air-conditioning load ratio.

Still another object of the invention is to pro-
vide an air-conditioning apparatus that correctly
responds to a simultaneous occurrence of oppos-
ing cooling an heating requirements.

In order to accomplish the objects, a first as-
pect of the invention as defined in claim 1 provides
an air-conditioning apparatus involving an outdoor
unit having a compressor and an outdoor heat
exchanger, and a plurality of indoor units con-
nected to the outdoor unit in parallel and each
having an indoor heat exchanger. The air-condition-
ing apparatus comprises flow control means dis-
posed between each of the indoor heat exchangers
and the compressor, for adjusting the flow rate of
coolant.

During a cooling operation, the flow control
means reduces the flow rate of coolant to a cor-
responding one of the indoor heat exchangers ac-
cording to at least one of a decrease in an evap-
oration temperature in the indoor heat exchanger,
the degree of superheat of the coolant at an outlet
of the coolant, and an increase in the temperature
or humidity of air in the room.

During a heating operation, the flow control
means adjusts the flow rate of coolant to a cor-
responding indoor heat exchanger according to a
load on the indoor heat exchanger.

When the indoor heat exchanger of one of the
indoor units is required to operate under a small
load during the cooling operation, the correspond-
ing flow control means adjusts the flow rate of
coolant to a required small value at the outlet of the
coolant. As a result, the evaporation capacity of the
indoor heat exchanger is reduced, and liquid cool-
ant is uniformly distributed through the indoor heat
exchanger to equalize a temperature in the indoor
heat exchanger, thereby equalizing the temperature
and humidity of air passing through the indoor heat
exchanger, without producing dew over structural
components disposed in the indoor unit.

For a heating operation with a small flow rate of
coolant, the coolant is adjusted to the required
small flow rate at an inlet of the coolant of the
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corresponding indoor heat exchanger. As a resulf,
a condensation temperature in the indoor heat ex-
changer acting as a condenser is reduced to weak-
en the heat exchanging capacity thereof, so that
the coolant may not be excessively condensed, nor
held inside the indoor heat exchanger, thereby
stabilizing a refrigeration cycle of the air-condition-
ing apparatus.

Even if there is a big difference in perfor-
mances required for a plurality of the indoor units,
the temperature of each of the air-conditioned
rooms does not fluctuate, to realize comfortable air-
conditioning.

In a further arrangement the coolant is supplied
to a plurality of the indoor units in a time sharing
manner according to, for example, a time ratio
corresponding to a ratio between air-conditioning
loads required for the indoor units. Even if the ratio
between the air-conditioning loads required for the
indoor units is relatively large, the coolant is prop-
erly and accurately distributed to the indoor units
according to the air-conditioning load ratio.

Even if a total of capacities of the indoor units
is greater than the capacity of the outdoor unit, the
coolant is properly distributed to the indoor units
according to the air-conditioning load ratio.

A second aspect of the invention as defined in
claim 11 provides an air-conditioning apparatus in-
volving a plurality of indoor heat exchangers con-
nected o a coolant path in parallel. When cooling
and heating requirements simultaneously occur, the
air-conditioning apparatus alternately carries out
cooling and heating operations, and supplies cool-
ant to the indoor heat exchangers according to the
cooling and heating requirements in synchronism
of the alternate cooling and heating operations.

This arrangement alternately carries out the
cooling and heating operations in a time sharing
manner when the cooling and heating requirements
simultaneously occur. During the cooling operation,
this arrangement supplies coolant only to the in-
door heat exchangers that have issued cooling
requests, and during the heating operation, only to
the indoor heat exchangers that have issued heat-
ing requests.

These and other objects, features and advan-
tages of the present invention will be more appar-
ent from the following detailed description of pre-
ferred embodiments in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a system diagram showing a refrigera-
tion cycle of an air-conditioning apparatus ac-
cording to a prior act;

Fig. 2 is a schematic view showing the inside of
an indoor unit of the prior art of Fig. 1;
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Fig. 3 is a system diagram showing a refrigera-
tion cycle of an air-conditioning apparatus ac-
cording to an embodiment of the invention;

Fig. 4 is a system diagram showing a refrigera-
tion cycle of an air-conditioning apparatus ac-
cording to a modification of the first embodi-
ment;

Fig. 5 is a block diagram showing a control
system of the air-conditioning apparatus of Fig.
3;

Fig. 6 is a system diagram showing a refrigera-
tion cycle of an air-conditioning apparatus ac-
cording to a second embodiment of the inven-
tion;

Fig. 7 is a block diagram showing a control
system of the air-conditioning apparatus of Fig.
6;

Fig. 8 is a timing chart showing a first example
of time sharing control for the embodiment of
Fig. 6;

Fig. 9 is a timing chart showing a second exam-
ple of time sharing control for the embodiment
of Fig. 6;

Fig. 10 is a timing chart showing a third exam-
ple of time sharing control for the embodiment
of Fig. 6;

Fig. 11 is a timing chart showing a fourth exam-
ple of time sharing control for the embodiment
of Fig. 6;

Fig. 12 is a timing chart showing a fifth example
of time sharing control for the embodiment of
Fig. 6;

Fig. 13 is a timing chart showing a sixth exam-
ple of time sharing control for the embodiment
of Fig. 6;

Fig. 14 is a system diagram showing a refrigera-
tion cycle of an air-conditioning apparatus ac-
cording to a third embodiment of the invention;
Figs. 15 and 16 are time charts explaining oper-
ations of the third embodiment;

Fig. 17 is a time chart showing an operation of a
modification of the third embodiment;

Fig. 18 is a view explaining a data table accord-
ing to the third embodiment; and

Fig. 19 is a time chart showing an operation of
another modification of the third embodiment.

DETAILED DESCRIPTION OF THE EMBODI-

MENTS

Figure 3 shows an air-conditioning apparatus
according to the first embodiment of the invention.
This air-conditioning apparatus is used for air-con-
ditioning two rooms. In Figs. 3 through Fig. 19, the
same reference numerals as those shown in Fig. 1
represent like parts whose explanations will not be
repeated.
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In Fig. 3, the air-conditioning apparatus com-
prises flow control devices 6 and 9 connected to
indoor heat exchangers 5 and 8 for rooms A and B,
respectively. Each of the flow control devices 6 and
9 serves as flow control means for adjusting the
flow rate of coolant and is disposed between the
corresponding indoor heat exchanger and a com-
pressor 1. The flow control device 6 (9) is at an
outlet of gaseous coolant during a cooling opera-
tion. The flow conitrol device 6 (9) comprises an
open-close valve 6a (9a) and a thin pipe 6b (9b)
that are connected in parallel with each other.

Each of the open-close valves 6a and 9a has a
function of simply opening and closing a flow of the
coolant between a 100% opened state and a 0%
opened state. On the other hand, each of the thin
pipes 6b and 9b has a function of reducing the flow
of the coolant to, for example, 20%. This reduction
radio of the coolant flow by the thin pipe 6b or 9b
is properly designed.

The flow control device 6 (9) is 100% open
when the open-close valve 6a (9a) is opened, and
reduces the flow of the coolant to, for example,
20% when the open-close valve 6a (9a) is closed.

If the indoor unit for the room B is required to
operate at 10% of its maximum capacity, the ex-
pansion valve 7 is controlled to reduce the flow of
the coolant to 50%, while the flow control device 9
is adjusted to reduce the flow to 20%, thereby
adjusting the flow rate of the coolant passing
through the indoor heat exchanger 8 for the room B
fo 10% in fotal.

An operation of the above air-conditioning ap-
paratus will be explained.

For example, to cool the rooms A and B, the
indoor unit for the room A is required to operate at
100% capacity and the indoor unit for the room B
at 10% capacity. The expansion valve 4 for the
room A is fully opened, and the open-close valve
6a of the flow control device 6 is also fully opened,
so that the indoor heat exchanger 5 for the room A
may receive coolant at the maximum flow rate.

On the other hand, the expansion valve 7 for
the room B is opened 50%, and the open-close
valve 9s of the flow control device 9 is closed to
control the flow rate of the coolant to 20%. As a
result, the indoor heat exchanger 8 for the room B
may receive the coolant at the flow rate of 10% in
fotal. In this way, when reducing the flow rate of the
coolant in the indoor unit for the room B, the flow
control device 9 disposed at the outlet of the cool-
ant more predominantly acts than the expansion
valve 7 disposed at the inlet of the coolant.

Compared with the conventional technique of
adjusting the flow rate of the coolant to 10% only
with the expansion valve 7, this embodiment in-
creases the quantity of liquid coolant supplied to
the indoor heat exchanger 8 for the room B. As a
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result, the evaporation capacity of the indoor heat
exchanger 8 is reduced, and the liquid coolant is
uniformly distributed through the indoor heat ex-
changer 8 to equalize a temperature in the indoor
heat exchanger 8. Unlike the conventional air-con-
ditioning apparatus, the apparatus of this embodi-
ment never causes unevenness in the temperature
and humidity of air passing through the indoor heat
exchanger 8, nor produces dew in the indoor unit.

If there is the same imbalance in loads re-
quired for the indoor units for the rooms A and B
when heating the rooms, the flow control device 9
of the indoor unit for the room B reduces the flow
rate of coolant at an inlet of the coolant in front of
the indoor heat exchanger 8, so that the heat
exchanging capacity of the indoor heat exchanger
8 serving as a condenser decreases due to a
decrease in a condensation temperature. As a re-
sult, the coolant is not excessively condensed and
held inside the indoor heat exchanger 8. This stabi-
lizes a refrigeration cycle of the air-conditioning
apparatus.

Figure 4 shows an air-conditioning apparatus
according to a modification of the first embodiment.

This modification has flow control valves 11
and 12 serving as flow control means for linearly
adjusting the flow rate of coolant. The flow control
valves 11 and 12 are disposed between the com-
pressor 1 and the indoor heat exchangers 5 and 8
for the rooms A and B, respectively. The opening
of the flow control valve 11 (12) is adjusted by a
control circuit 45 and an opening control circuit 52
(53) according to at least one of the evaporation
temperature of the indoor heat exchanger 5 (8), the
degree of superheat of coolant detected by a heat
exchanger sensor 34 (39) at an outlet of the cool-
ant, and the temperature and humidity of air in the
room A (B) detected by a room temperature sensor
33 (38) and a humidity sensor 60, as shown in Fig.
5.

During a cooling operation, the opening of the
flow control valve 11 (12) is controlled according to
at least one of a decrease in the evaporation tem-
perature of the indoor heat exchanger 5 (8), the
degree of superheat of the coolant at the outlet of
the coolant, and an increase in the temperature or
humidity of air in the room A (B). The flow of the
coolant to the indoor heat exchanger 5 (8) is re-
duced in response to a capacity required for the
corresponding indoor unit.

According to this modification, even if there is
a big difference in loads on the indoor units for the
rooms A and B, the flow rate of the coolant to the
indoor heat exchanger of the indoor unit whose
required load is smaller is adjustable only through
a corresponding one of the flow control valves 11
and 12, so that the modification is more effective in
producing no dew over structural components dis-
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posed inside the indoor unit of the smaller load
during the cooling operation, and in holding no
excessive liquid coolant in the piping of the indoor
heat exchanger of the smaller load during the heat-
ing operation.

As explained above, the first embodiment of
the invention arranges flow control means on the
compressor side of an indoor heat exchanger of
each indoor unit, for adjusting the flow rate fo
coolant. During a cooling operation, the flow rate of
coolant for the indoor heat exchanger of the indoor
unit that requires a smaller cooling load is adjusted
to a required small value at an outlet of the coolant.
As a result, the evaporation capacity to the indoor
heat exchanger is reduced, and the liquid coolant
is uniformly distributed through the indoor heat
exchanger to equalize a temperature in the heat
exchanger. As a result, the temperature and humid-
ity of air passing through the heat exchanger is
equalized without producing dew over structural
components disposed inside the indoor unit.

During a heating operation, the flow rate of
coolant to the indoor heat exchanger of the indoor
unit that requires a light load is adjusted to a
required small value at an inlet of the coolant, so
that the condensation temperature of the indoor
heat exchanger is reduced to reduce the heat ex-
changing capacity of the indoor heat exchanger
acting as a condenser, and condensed liquid does
not excessively stay inside the heat exchanger. As
a result, a refrigeration cycle of the air-conditioning
apparatus is stabilized to increase the efficiency
thereof, an overheat of the compressor prevented,
the reliability of the apparatus improved.

Compared with the conventional air-condition-
ing apparatus that repeatedly starts and stops an
indoor unit that requires a small load, the embodi-
ment remarkably reduces fluctuations in a room
temperature, thereby comfortably air-conditioning a
room.

Figures 6 through 13 show an air-conditioning
apparatus according to a preferred embodiment of
the invention.

As shown in Fig. 7, in this embodiment, a
coolant is supplied in a time sharing manner.

The air-conditioning apparatus of this embodi-
ment for air-conditioning two rooms will be ex-
plained with reference to Figs. 6 and 7.

In Fig. 6, numeral 1 denotes a compressor,
which is connected to an outdoor heat exchanger 3
through coolant piping and a four-way valve 2. The
coolant piping extending from the outdoor heat
exchanger 3 is divided into a plurality of paths (two
in the figure) through a flow divider 23. The divided
piping is connected to pressure reduction devices,
e.g., flow control valves (electronic expansion
valves) 4 and 7, indoor heat exchangers 5 and 8,
and flow control valves 11 and 12 for rooms A and
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B. The piping is then collected by a flow divider 21
and connected again to the compressor 1 through
the four-way valve 2, thereby completing a heat-
pump-type refrigeration cycle.

In Fig. 6, continuous arrow marks indicate a
flow of coolant for a cooling operation, and dotted
arrow marks a flow of the coolant for a heating
operation.

The above arrangement resembles to that of
Fig. 4.

Figure 7 is a block diagram showing a control
circuit according to the second embodiment.

In the figure, an operation control portion 32 for
the room A is manipulated by a user to issue a
start or stop instruction, a required room tempera-
ture, or a required wind volume. This operation
control portion 32 comprises, for example, a re-
mote control unit.

A room temperature sensor 33 measures the
temperature of the room A, and a heat exchanger
sensor 34 measures the temperature of the indoor
heat exchanger 5. These sensors 33 and 34 are
used for, for example, preventing a cold wind dur-
ing a heating operation.

A fan motor 35 blows a wind for cooling or
heating the room A.

A difference between the room temperature
measured by the room temperature sensor 33 and
a temperature set through the operation control
portion 32 is calculated in a temperature difference
calculation circuit 36 and transferred to an air-
conditioning load calculation circuit 42.

Similarly, the room B has an operation control
portion 37, a room temperature sensor 38, a heat
exchanger sensor 39, and a fan motor 40. Func-
tions of these components are the same as those
for the room A. A difference between the room
temperature of the room B and a set temperature
is calculated in a temperature difference calculation
circuit 41 and transferred to an air-conditioning load
calculation circuit 43.

The air-conditioning load calculation circuits 42
and 43 provide information to an air-conditioning
load ratio calculation circuit 44, which calculates a
ratio between air-conditioning loads of the rooms A
and B. The air-conditioning load of each room is
determined according to the difference between
the room temperature and the set temperature for
the room, an ambient temperature outside the
room, insulation of the room, etc. If these con-
ditions except the temperature difference are sub-
stantially identical for all rooms, the air-conditioning
load may be calculated according to only the tem-
perature difference. A signal corresponding to an
ambient temperature provided by an ambient tem-
perature sensor 57 may be used to calculate the
air-conditioning load.
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According to the ratio between the air-con-
ditioning loads of the rooms A and B calculated in
the air-conditioning load ratio calculation circuit 44,
a time sharing control circuit 46 for time-sharing
coolant flow rates drives opening control circuits
50, 51, 52, and 53 for the rooms A and B. Namely,
the openings of the flow control valves 4 and 11 for
the room A and of the flow control valves 7 and 12
for the room B are controlled in a time sharing
manner according to the air-conditioning load ratio.

A total of capacities of the rooms A and B is
prepared by changing the rotational speed of a
compressor motor 1M with a frequency variable
circuit 47. Cooling and heating operations are
switched from one to another by turning ON and
OFF the four-way valve 2 with a switching circuit
48.

A fan motor 54 is employed for an outdoor
heat exchanger 3.

A current sensor 55 detects a current flowing
to the compressor motor 1M and controls not to
supply an over-curret thereto. A discharge tem-
perature sensor 56 measures a coolant discharge
temperature, and reduces an operation frequency
of the compressor if the discharge temperature is
too high, thereby protecting a coil of the compres-
sor.

A suction temperature sensor 58 and a suction
pressure sensor 59 detect the degree of superheat
of the coolant. Controlling the degree of superheat
is important for safely and efficiently operating the
refrigeration cycle but not particularly explained
here.

The time sharing control of the flow rates of
coolant in the air-conditioning apparatus of the
above arrangement will be explained with reference
o timing charts of Figs. 8 and 13.

Figure 8 shows a first example of the time
sharing control. The air-conditioning apparatus air-
conditions two rooms A and B in which coolant is
supplied to one of the rooms and not supplied to
the other according to the time sharing control. A
ratio between air-conditioning loads of the rooms A
and B calculated in the air-conditioning load ratio
calculation circuit 44 is supposed to be 2:1.

According to this air-conditioning load ratio, the
time sharing control circuit 46 controls the flow
control valves 4 and 11 for the room A and the flow
control valves 7 and 12 for the room B in a time
sharing manner as shown in Fig. 8.

At first, the flow control valves 4 and 11 for the
room A are fully opened, while the flow control
valves 7 and 12 for the room B are kept completely
closed. This is done for a period of 2T which is two
times a unit period T. After this period, the flow
control valves 4 and 11 for the room A are com-
pletely closed, while the flow control valves 7 and
12 for the room B are fully opened. This is done for
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the unit period T. As a result, the coolant is distrib-
uted at the ratio of 2:1 corresponding to the air-
conditioning load ratio for the rooms A and B.

Figure 9 shows a second example of the time
sharing control, which is a modification of the first
example. While the flow control valves for one
room are fully opened, those for the other room are
not completely closed but slightly opened to pass
a small quantity of coolant. In this case, if the room
A receives the coolant, the openings of the flow
control valves 4 and 11 are controlled as explained
in the first embodiment. The second example also
distributes the coolant to the indoor units at the
ratio of 2:1 corresponding to the air-conditioning
load ratio for the rooms A and B.

Figure 10 shows a third example of the time
sharing control. A ratio between air-conditioning
loads of the indoor units is relatively large, for
example, 8:1. The openings of the flow control
valves for the indoor unit of larger air-conditioning
load are kept at predetermined extent, while the
openings of the flow control valves for the indoor
unit of smaller air-conditioning load are controlled
in a time sharing manner to precisely distribute the
coolant according to the air-conditioning load ratio.

When the ratio between air-conditioning loads
of the rooms A and B is 8:2, the coolant is properly
distributed to the rooms only by adjusting the
openings of the flow control valves. While the ratio
becomes 8:1, the coolant is hardly distributed by
only adjusting the openings of the flow control
valves. In this case, a ratio between the openings
of the flow control valves 4 and 11 for the room A
o the openings of the flow control valves 7 and 12
is firstly set to 8:2 for a period of 4T. During the
next period of 4T, the flow control valves 7 and 12
for the room B are closed. As a result, a ratio
between flow rates of the coolant for the rooms A
and B for a total period of 8T becomes 8:1. With
this time sharing method, the coolant is properly
distributed to the indoor units of the rooms A and B
even if the air-conditioning load ratio is relatively
large, and the capacities of the indoor units are
precisely adjusted according to the air-conditioning
load ratio.

Figure 11 shows a fourth example of the time
sharing control, which is a modification of the third
example. The flow control valves 7 and 12 for the
room B are opened and closed alternately every
unit time T. During a period of 8T, the coolant is
supplied for 4T and not supplied for 4T to provide
the same result as in the third example.

Figure 12 shows a fifth example of the time
sharing control. This example controls three rooms
A, B and C at an air-conditioning load ratio of 2:1:3.
Time sharing control is carried out by supplying
coolant to the indoor unit of the room A for a period
of twice (2T) a unit time T, to the indoor unit of the
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room B for the unit time (1T), and to the indoor unit
of the room C for a period of three times (3T) the
unit time. As a result, the coolant is supplied to the
rooms A, B and C according to the required air-
conditioning load ratio of 2:1:3.

Figure 13 shows a sixth example of the time
sharing control, which is a modification of the fifth
example. Coolant is sequentially supplied to each
of the rooms A, B, and C for a unit time T. Since it
is necessary to supply the coolant to the room A
for a period of 2T, the coolant is further supplied to
the room A for another unit time T. As a result, the
room A receives the coolant for a period of 2T in
fotal. At this time, the coolant is not supplied to the
room B because the room B requires the coolant
only for the unit time T. Since the room C requires
the coolant for a period of 3T, the coolant is further
supplied to the room C for another unit time T. At
this time, the rooms A and B have already received
necessary quantities of the coolant, so that only the
room C receives the coolant for the unit time T,
i.e., for a period of 3T in total. In this way, in one
cycle, the rooms A, B and C receive the coolant at
the time ratio of 2:1:3 similar o the fifth example.

In each of the fifth and sixth examples, the
closed flow control valves may receive a small
quantity of coolant as in the second example.

Similar to the first embodiment, the second
embodiment has a flow control valve on each side
of each indoor heat exchanger.

As explained above, this embodiment of the
invention carries out time sharing control when
supplying coolant to a plurality of indoor units
according to a required air-conditioning load ratio.
Even if this ratio is relatively large, the coolant is
properly and precisely distributed to the indoor
units according to the ratio. Even if a total of
capacities of a plurality of the indoor units is great-
er than the capacity of an outdoor unit, the coolant
is properly distributed to the indoor units according
fo the ratio.

An air-conditioning apparatus according to a
second aspect of the invention will be explained.
This embodiment alternately carries out cooling
and heating operations to deal with cooling out
heating requirements that simultaneously occur.

Figure 14 shows an air-conditioning apparatus
according to the second aspect of the invention. In
the figure, numeral 1 denotes a compressor; 3 an
outdoor heat exchanger; 70 an expansion valve; 71,
73 and 75 indoor heat exchangers disposed for
rooms A, B and C, respectively; 77, 79 and 81
operation portions each for setting a cooling or
heating request and a target temperature for the
corresponding room; 83, 85, 87, 89, 91, and 93
two-way valves for controlling the supply of coolant
to the indoor heat exchangers 71, 73, and 75; and
2 a four-way valve for changing the flow of coolant
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in a coolant path and thus changing cooling and
heating operations from one to another. Numeral
97 is a control circuit for controlling an overall
operation of the air-conditioning apparatus.

When heating the rooms, the control circuit 97
controls the four-way valve 2 to guide gaseous
coolant of high temperature from the compressor 1
toward the indoor heat exchangers 71, 73, and 75.
The gaseous coolant passes through the indoor
heat exchangers 71, 73, and 75 fo discharge heat
to air in the rooms, thereby heating the rooms and
reducing the temperature of the gaseous coolant.
The coolant then passes through the expansion
valve 70 and the outdoor heat exchanger 3 to
absorb heat from air outside the rooms.

When cooling the rooms, the control circuit 97
controls the four-way valve 2 to guide the gaseous
coolant from the compressor 1 toward the outdoor
heat exchanger 3, which discharges heat of the
coolant to outside air, thereby liquefying the cool-
ant. The liquid coolant is fed to the indoor heat
exchangers 71, 73, and 75 in which the coolant
absorbs heat from air in the rooms to cool the
rooms.

Figure 15 is a time chart showing an operation
of the second aspect which deals with simulta-
neous cooling and heating requests.

The indoor heat exchangers 71, 73 and 75 air-
condition the rooms A, B, and C, respectively.

During a period t1, only the room A is cooled.

Thereafter, the room B issues a heating re-
quest. The control circuit 97 then switches the four-
way valve 2 to alternately carry out cooling and
heating operations in a time sharing manner for a
period t2. In synchronism of the alternating oper-
ations, the two-way valves 83 and 85 of the indoor
heat exchanger 71 for the room A and the two-way
valves 87 and 89 of the indoor heat exchanger 73
for the room B are alternately opened end closed.
As a result, the room A is cooled, and the room B
is heated. In this alternating operations, the num-
bers of rooms cooled and heated are each one so
that a time ratio between cooling and heating oper-
ations (A:B) is 1:1.

Thereafter, the room C issues a heating re-
quest. The number of rooms to be heated then
becomes twice the number of rooms to be cooled.
Namely, the time ratio between the cooling and
heating operations becomes 1:2, and with this time
ratio, the alternating operations are continued for a
period 13.

In this way, this embodiment alternately carries
out heating and cooling operations according to a
time ratio corresponding to the numbers of cooled
and heated rooms, to deal with simultaneous cool-
ing and heating requests. Unlike the conventional
air-conditioning apparatus, this embodiment can
deal with all of such simultaneous cooling and
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heating requests.

In this embodiment, the time ratio between the
alternating operations is changed when the num-
bers of rooms to be cooled and heated are
changed, thereby properly air-conditioning the
rooms. To deal with the changes in the numbers of
rooms to be cooled and heated, a modification
shown in Fig. 16 changes the rotational speed of
the compressor 1 with the time ratio (A:B) being
unchanged.

Figure 17 is a time chart showing another
modification to the second aspect of the invention.
According to this modification, the alternating cool-
ing and heating operations are carried out accord-
ing to not only the time ratio based on the numbers
of rooms to be cooled and heated but also differ-
ences between target temperatures and room tem-
peratures as well as an ambient temperature.

More precisely, according to a cooling request
from the room A and a heating request from the
room B, the cooling and heating operations are
alternately carried out at a time ratio of 1:1 for a
period 4.

Thereafter, a decreased target temperature is
entered through the operation portion 77 of the
room A. It is then necessary to increase the flow
rate of coolant for the room A. To deal with this,
with the same number of rooms, the time ratio
(A:B) is changed to 2 for cooling and 1 for heating,
and the cooling and heating operations are al-
ternately carried out for a period 15.

During a period {6, on ambient temperature
decreases so that cooling efficiency increases and
heating efficiency decreases. To cope with this, the
fime ratio (A:B) is returned to 1:1 and the alternat-
ing operations are continued for this period 6.

The control circuit 97 may store a data table
shown in Fig. 18 containing various time ratios.
According to this table, a proper time ratio is se-
lected to more precisely air-conditioning the in-
dividual rooms.

In the above embodiment, the time ratio (A:B)
between the alternating operations is changed to
properly air-condition the individual rooms accord-
ing to the numbers of rooms to be cooled and
heated, differences between target temperatures
and room temperatures, and a change in an am-
bient temperature. It is possible to change the
rotational speed for the compressor 1 with the time
ratio (A:B) being unchanged, as shown in Fig. 19.

Similar to the first aspect of the invention, this
second aspect also has a flow control valve on
each side of each indoor heat exchanger.

As mentioned above, the second aspect of the
invention alternately carries out cooling and heating
operations in a time sharing manner to deal with
simultaneous cooling and heating requests. During
the cooling operation, coolant is supplied only to
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indoor heat exchangers that have issued the cool-
ing requests, and during the heating operation, only
to indoor exchangers that have issued the heating
requests. In this way, correct air-conditioning of
individual rooms is ensured even if rooms simulta-
neously issue opposing cooling and heating re-
quests.

Claims

1. An air-conditioning apparatus, comprising:
a) an outdoor unit (1, 2, 3) including a
compressor (1) and an outdoor heat ex-
changer (3) series-connected to said com-
pressor (1);
b) a plurality of indoor units (A; B) con-
nected in parallel to said outdoor unit (1, 2,
3) and each including an indoor heat ex-
changer (5; 8); and
c) first flow control means (4; 7) respectively
provided between each indoor heat ex-
changer (5; 8) and said outdoor heat ex-
changer (3) for adjusting the flow rate of
coolant at a respective first side of said
indoor heat exchangers (5; 8) between said
indoor heat exchangers (5; 8) and said out-
door heat exchanger (3);

characterized by

d) second flow control means (6, 6a, 6b, 11;
9, 9a, 9b, 12) respectively provided between
each indoor heat exchanger (5; 8) and said
compressor (1) for adjusting the flow rate of
coolant between a fully open state and a
partially closed state at a respective second
side of said indoor heat exchangers (5; 8)
between said indoor heat exchangers (5; 8)
and said compressor (1).

2. An air-conditioning apparatus according to
claim 1,
characterized in that
said second flow control means (6, 6a, 6b, 11;
9, 9a, 9b, 12) are respectively provided for
linearly adjusting the flow rate of coolant.

3. An air-conditioning apparatus according to
claim 1,
characterized in that
said fully open state corresponds to a coolant
flow rate of 100% and said partially closed
state corresponds to a coolant flow rate of
10%.

4. The apparatus according to claim 1,
characterized in that
said first flow control means (4, 5) are expan-
sion valves.
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The apparatus according to claim 1,
characterized in that

a four-way valve (2) is disposed between said
compressor (1) and said outdoor heat ex-
changer (3), for controlling the flow of said
coolant.

The apparatus according to claim 1,
characterized in that

when the indoor heat exchanger (5, 8) of any
one (B) of said indoor units (A, B) is requested
to operate at a small capacity (10%) during a
cooling operation, a corresponding one (9) of
said second flow control means (6, 9) adjusts,
at an outlet of the coolant, the flow rate of the
coolant for the indoor heat exchanger (8) in
question to a required small value (20%),
thereby reducing the evaporation capacity of
the indoor heat exchanger (8), uniformly dis-
tributing the liquid coolant through the indoor
heat exchanger (8), equalizing a temperature in
the indoor heat exchanger (8) as well as the
temperature and humidity of air passing
through the indoor heat exchanger (8), and
producing no dew over structural components
disposed inside the corresponding indoor unit

(B).

The apparatus according to claim 1,
characterized in that

when the indoor heat exchanger (5, 8) of any
one (B) of said indoor units (A, B) is requested
to operate at a small capacity, (10%) during a
heating operation, a corresponding one (9) of
said second flow control means (6, 9) adjusts,
at an inlet of the coolant, the flow rate of the
coolant for the indoor heat exchanger in ques-
tion to a required small value (20%), thereby
decreasing the condensation temperature and
heat exchanging capacity of the indoor heat
exchanger (8) acting as a condenser, holding
no excessive condensed liquid coolant inside
the indoor heat exchanger (8), and stabilizing a
refrigeration cycle of the air-conditioning ap-
paratus.

The apparatus according to claim 1,
characterized in that

for a cooling operation, said flow control means
(6,) reduces the flow rate of the coolant o the
corresponding indoor heat exchanger (8 or 9)
according to at least one of a decrease in the
evaporation temperature of the indoor heat ex-
changer , the degree of superheat of the cool-
ant at an outlet of the coolant, detected by a
heat exchanger sensor (34, 39) and an in-
crease in the temperature or humidity of room
air (8, 9) detected by a temperature sensor
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(33, 38).

The apparatus according to claim 1,
characterized in that

for a heating operation, said second flow con-
trol means (8, 9) reduces the flow rate of the
coolant, when a heating load on the corre-
sponding indoor heat exchanger (8, 9) has
decreased.

The apparatus according to claim 1,
characterized in that

time sharing control means (46) are provided
for controlling said first and second flow con-
trol means (4, 7; 6, 6a, 6b, 11, 9, 9a, 9b, 12) in
a time sharing manner, wherein coolant is sup-
plied to said indoor units (A; B) according to a
time-ratio between air conditioning loads of the
indoor units (A; B).

An air-conditioning apparatus, comprising:
a) an outdoor unit (1, 2, 3) including a
compressor (1) and an outdoor heat ex-
changer (3) series-connected to said com-
pressor (1);
b) a plurality of indoor units (A, B, C) each
including an indoor heat exchanger (71, 73,
75) connected in parallel to said outdoor
heat exchanger (3);
c) first flow control means (83, 87, 91) re-
spectively provided between each indoor
heat exchanger (71, 73, 75) and said out-
door heat exchanger (3) for adjusting a flow
rate of coolant at a respective first side of
said indoor heat exchangers (71, 73, 75)
between said outdoor heat exchanger (3)
and said indoor heat exchangers (71, 73,
79);
d) said compressor (1) being provided with
a valve means (2) connected between said
outdoor heat exchanger (3) and a respective
second side of said indoor heat exchangers
(71, 73, 75) and arranged in order to com-
press said coolant from said indoor heat
exchangers (71, 73, 75) and transmit said
coolant to said outdoor heat exchanger (3)
in a cooling mode and in order to compress
said coolant from said outdoor heat ex-
changer (3) and transmit said coolant fo
said indoor heat exchangers (71, 73, 75) in
a heating mode;
e) second flow control means (85, 89, 93)
respectively provided between each indoor
heat exchanger (71, 73, 75) and said valve
means (2) for adjusting the flow rate of
coolant at said respective second sides of
said indoor heat exchangers (71, 73, 75);

characterized by
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f) said indoor heat exchangers (71, 73, 75)
being provided with operation portions (77,
79, 81) through which heating or cooling
respectively, required in said indoor units
(A, B, C) is set;

g) a control circuit (97) connected to said
compressor (1), said valve means (2), said
first and second flow control means (83, 87,
91; 85, 89, 93) and said operation portions
(77, 79, 81); and

h) said control circuit (97) being adapted for
controlling, when heating and cooling are
set at the same time by the individual op-
eration portions (77, 79, 81) of said indoor
heat exchangers (71, 73, 75), said compres-
sor (1), said valve means (2) and said first
and second flow control means (83, 87, 91;
85, 89, 93) in order to pass the coolant
alternately through said indoor heat ex-
changers (71, 73, 75) and drive said appara-
tus alternately and periodically in a time-
sharing manner in the heating mode and the
cooling mode in synchronism fo comply
with the simultaneous requirement of heat-
ing and cooling in said respective indoor
units (A, B, C).

The apparatus according to claim 11,
characterized in that
said valve means (2) is a four-way valve.

The apparatus according to claim 11,
characterized in that

said second flow control means (85, 89, 93)
are stop valves having a fully closed and a
fully open state.

The apparatus according to claim 11,
characterized in that

said first and second flow control means (6; 8;
83, 87, 91; 85, 89, 93) comprise two-way
valves.

The apparatus according to claim 14,
characterized in that

said valves (83, 87, 91) of said first flow control
means are provided between an expansion
valve (70) and the respective indoor heat ex-
changers (71, 73, 75).

The apparatus according to claim 11,
characterized in that

said control circuit (97) controls the capacity of
said compressor (1) in synchronism with the
alternate operation of heating and cooling in
accordance with capacities required respec-
tively for heating and cooling.
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17. The apparatus according fo claims 14,

characterized in that

said control circuit (97) controls said compres-
sor (1), said valve means (2) and said plurality
of the valves (83, 87, 91; 85, 89, 93) in order
that the time ratio of cooling to heating cor-
responds to capacities required respectively
for cooling and heating.

Patentanspriiche

Klimatisierungsvorrichtung, umfassend:
a) eine Geb&ude-AuBen-Einheit (1, 2, 3) mit
einem Kompressor (1) und einem Geb3ude-
AuBen-Wirmetauscher (3), der mit dem
Kompressor (1) in Reihe verbunden ist;
b) eine Vielzahl von Gebdude-Innen-Einhei-
ten (A; B), die parallel mit der Geb3ude-
AuBen-Einheit (1, 2, 3) verbunden sind und
jeweils einen Geb3ude-Innen-Wirmetau-
scher (5; 8) umfassen; und
c) erste FluBsteuereinrichtungen (4; 7), die
jeweils zwischen jedem Geb3ude-Innen-
Wirmetauscher (5; 8) und dem Geb3ude-
AuBen-Wirmetauscher (3) vorgesehen sind,
zum Einstellen der FluBrate eines Kihimit-
tels an einer jeweiligen ersten Seite der
Geb3ude-Innen-Wirmetauscher (5; 8) zwi-
schen den Gebdude-Innen-Wirmetauschern
(5; 8) und dem GebZude-AuBen-Wirmetau-
scher (3);

gekennzeichnet durch
d) zweite FluBsteuereinrichtungen (6, 6a, 6b,
11; 9, 9a, 9b, 12), die jeweils zwischen
jedem Geb3ude-Innen-Wirmetauscher (5;
8) und dem Kompressor (1) vorgesehen
sind, zum Einstellen der FluBrate eines
Kihimittels zwischen einem volistdndig ge-
Offneten Zustand und einem teilweise ge-
schlossenen Zustand an einer jeweiligen
zweiten Seite der Gebdude-lnnen-Wirme-
tauscher (5; 8) zwischen den Geb3ude-In-
nen-Wirmetauschern (5; 8) und dem Kom-
pressor (1).

Klimatisierungsvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB die zweiten FluB-
steuereinrichtungen (6, 6a, 6b, 11; 9, 9a, 9b,
12) jeweils zum linearen Einstellen der FluBrate
des Kiihimittels vorgesehen sind.

Klimatisierungsvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB der vollstdndig
gedffnete Zustand einer KihimittelfluBrate von
100% entspricht und der teilweise geschlosse-
ne Zustand einer KuhimittelfluBrate von 10%
entspricht.
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Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die ersten FluBsteuereinrichtun-
gen (4, 5) Entspannungsventile sind.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB sich ein Vierwegeventil (2) zwi-
schen dem Kompressor (1) und dem Gebi3u-
de-AuBen-Wirmetauscher (3) befindet, zum
Steuern des Flusses des Kuhimittels.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB, wenn der Gebdude-Innen-War-
metauscher (5, 8) von irgendeiner (B) der Ge-
b&aude-Innen-Einheiten (A, B) bei einer kleinen
Kapazitdt (10%) wihrend eines Kiihlbetriebs
arbeiten soll, eine entsprechende (9) der zwei-
ten FluBsteuereinrichtungen (6, 9) an einem
AuslaB des Kihimittels die FluBrate des Kiihl-
mittels fir den betreffenden Geb3ude-Innen-
Warmetauscher (8) auf einen benétigten klei-
nen Wert (20%) einstellt, wodurch die Ver-
dampfungskapazitdt des Gebdude-Innen-War-
metauschers (8) reduziert wird, das flissige
Kihimittel durch den Gebdude-Innen-Wirme-
tauscher (8) gleichmiBig verteilt wird, eine
Temperatur in dem Geb3ude-Innen-Wirmetau-
scher (8) sowie die Temperatur und Feuchtig-
keit der durch den Geb3ude-lnnen-Wirmetau-
scher (8) strémenden Luft ausgeglichen wird
und Uber Strukturkomponenten, die sich inner-
halb der entsprechenden GebZude-Innen-Ein-
heit (B) befinden, kein Tau erzeugt wird.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB, wenn der Gebdude-Innen-War-
metauscher (5, 8) von irgendeiner (B) der Ge-
b&aude-Innen-Einheiten (A, B) bei einer kleinen
Kapazitdt (10%) widhrend eines Erwdrmungs-
betriebs arbeiten soll, eine entsprechende (9)
der zweiten FluBsteuereinrichtungen (6, 9) an
einem EinlaB des Kihimittels die FluBrate des
Kihimittels flir den betreffenden Geb&aude-In-
nen-Wiarmetauscher auf einen bend&tigten klei-
nen Wert (20%) einstellt, wodurch die Konden-
sationstemperatur und Wirmeaustauschkapazi-
tdt des als eine Kondensationseinrichtung wir-
kenden Geb3ude-Innen-Wirmetauschers (8)
verringert wird, keine UbermiBige Menge von
kondensiertem flissigen Kihimittel innerhalb
des Gebdude-lnnen-Wirmetauschers (8) ge-
halten wird und ein Kihlzyklus der Klimatisie-
rungsvorrichtung stabilisiert wird.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die FluBsteuereinrichtung (6) flur
einen Kihlbetrieb die FluBrate des Kihimittels
an den entsprechenden Geb3ude-Innen-Wir-
metauscher (8 oder 9) entweder gemaRB einem

10

15

20

25

30

35

40

45

50

55

12

10.

11.

22

Abfall in der Verdampfungstemperatur des Ge-
bidude-Innen-Wirmetauschers und/oder dem
Grad einer Uberhitzung des Kiihlmittels an ei-
nem AuslaB des Kihimittels, erfaBt durch einen
Wirmetauschersensor (34, 39) und/oder einem
Anstieg in der Temperatur oder der Feuchtig-
keit der Raumluft (8, 9), die durch einen Tem-
peratursensor (33, 38) erfaBt werden, verrin-
gert.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die zweite FluBsteuereinrichtung
(8, 9) fur einen Erwdrmungsbetrieb die Flufira-
te des Kuhimittels reduziert, wenn eine Erwir-
mungslast an dem entsprechenden Geb&dude-
Innen-Wiarmetauscher (8, 9) abgefallen ist.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB eine Zeitteilungs-Steuereinrich-
tung (46) zum Steuern der ersten und zweiten
FluBsteuereinrichtungen (4, 7; 6, 6a, 6b, 11, 9,
9a, 9b, 12) in einer zeitgeteilten Weise vorge-
sehen ist, wobei Kuhimittel an die Gebdude-
Innen-Einheiten (A; B) entsprechend einem
Zeitverhdltnis zwischen Klimatisierungslasten
der Gebdude-lnnen-Einheiten (A; B) zugeflhrt
wird.

Klimatisierungsvorrichtung, umfassend:
a) eine Geb&ude-AuBen-Einheit (1, 2, 3) mit
einem Kompressor (1) und einem mit dem
Kompressor (1) in Reihe verbundenen Ge-
baude-AuBen-Wirmetauscher (3);
b) eine Vielzahl von Gebdude-Innen-Einhei-
ten (A, B, C), die jeweils einen parallel mit
dem Geb3ude-AuBen-Wirmetauscher (3)
verbundenen Geb&ude-Innen-Wirmetau-
scher (71, 73, 75) umfaBf;
c) erste FluBsteuereinrichtungen (83, 87,
91), die jeweils zwischen jedem Geb3iude-
Innen-Warmetauscher (71, 73, 75) und dem
Geb3ude-AuBen-Wirmetauscher (3) zum
Einstellen einer FluBrate eines Kihimittels
an einer jeweiligen ersten Seite der Geb3u-
de-Innen-Wirmetauscher (71, 73, 75) zwi-
schen dem Gebiude-AuBen-Wirmetau-
scher (3) und den Geb&dude-Innen-Wirme-
tauschern (71, 73, 79) vorgesehen sind;
d) wobei der Kompressor (1) mit einer Ven-
fileinrichtung (2) versehen ist, die zwischen
dem Geb3ude-AuBen-Wirmetauscher (3)
und einer jeweiligen zweiten Seite der Ge-
baude-Innen-Wirmetauscher (71, 73, 75)
vorgesehen ist und angeordnet ist, um in
einem Kihimodus das Kihimittel von den
Geb3ude-Innen-Wirmetauschern (71, 73,
75) zu komprimieren und das Kuhimittel an
den Gebdude-AuBen-Wirmetauscher (3) zu
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Ubertragen, und um in einem Erwdrmungs-
modus das Kihlmittel von dem Gebiude-
AuBen-Wirmetauscher (3) zu komprimieren
und das Kihimittel an die Gebdude-Innen-
Warmetauscher (71, 73, 75) zu Ubertragen;
e) zweite FluBsteuereinrichtungen (85, 89,
93), die jeweils zwischen jedem Geb3iude-
Innen-Warmetauscher (71, 73, 75) und der
Ventileinrichtung (2) vorgesehen sind, zum
Einstellen der FluBrate des Kihimittels an
den jeweiligen zweiten Seiten der Geb&dude-
Innen-Warmetauscher (71, 73, 75);

dadurch gekennzeichnet, daB
f) die Gebiude-Innen-Wirmetauscher (71,
73, 75) mit Betriebsabschnitten (77, 79, 81)
versehen sind, durch die eine Erwdrmung
oder eine Kihlung eingestellt wird, die je-
weils in den Gebdude-Innen-Einheiten (A, B,
C) bendtigt werden;
g) eine Steuerschaltung (97) mit dem Kom-
pressor (1), der Ventileinrichtung (2), den
ersten und zweiten FluBsteuereinrichtungen
(83, 87, 91; 85, 89, 93) und den Betriebsab-
schnitten (77, 79, 81) verbunden ist; und
h) die Steuerschaltung (97) ausgelegt ist,
um bei einer gleichzeitigen Einstellung einer
Erwdrmung und einer Kiihlung durch die
einzelnen Betriebsabschnitte (77, 79, 81)
der Gebdude-Innen-Wirmetauscher (71, 73,
75), den Kompressor (1), die Ventileinrich-
tung (2) und die ersten und zweiten FluB-
steuereinrichtungen (83, 87, 91; 85, 89, 93)
zu steuern, um das Kuhimittel alternierend
durch die Gebaude-Innen-Wirmetauscher
(71, 73, 75) zu fuhren, und um die Vorrich-
tung alternierend und periodisch in einer
zeitgeteilten Weise in dem Erwdrmungsmo-
dus und dem Kiihimodus synchron anzu-
steuern, um die gleichzeitige Anforderung
einer Erwdrmung und Kihlung in den jewei-
ligen Geb3ude-Innen-Einheiten (A, B, C) zu
erflllen.

Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die Ventileinrichtung (2) ein
Vierwegeventil ist.

Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die zweiten FluBsteuerein-
richtungen (85, 89, 93) Stopventile sind, die
einen vollstdndig geschlossenen und einen
volistdndig offenen Zustand aufweisen.

Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die ersten und zweiten FluB-
steuereinrichtungen (6; 8; 83, 87, 91; 85, 89,
93) Zweiwegeventile umfassen.
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Vorrichtung nach Anspruch 14, dadurch ge-
kennzeichnet, daB die Ventile (83, 87, 91) der
ersten FluBsteuereinrichtungen zwischen ei-
nem Entspannungsventil (70) und den jeweili-
gen Gebdude-lnnen-Wiarmetauschern (71, 73,
75) vorgesehen sind.

Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die Steuerschaltung (97) die
Kapazitdt des Kompressors (1) synchron mit
dem alternierenden Betrieb einer Erwdrmung
und einer Kihlung in Abhdngigkeit von Kapazi-
tdten steuert, die jeweils flir eine Erwdrmung
und eine Kihlung ben&tigt werden.

Vorrichtung nach Anspruch 14, dadurch ge-
kennzeichnet, daB die Steuerschaltung (97)
den Kompressor (1), die Ventileinrichtung (2)
und die Vielzahl der Ventile (83, 87, 91; 85, 89,
93) steuert, damit das Zeitverhilinis einer Kiih-
lung zu einer Erwdrmung Kapazitidten ent-
spricht, die jeweils fiir eine Kiihlung und Er-
wirmung bendtigt werden.

Revendications

1.

Appareil de conditionnement d'air, comportant:
a) une unité extérieure (1, 2, 3) comprenant
un compresseur (1) et un échangeur de
chaleur extérieur (3) relié en série au dit
compresseur (1);

b) plusieurs unités intérieures (A; B) bran-
chées en paralléle sur ladite unité extérieure
(1, 2, 3) et comprenant chacune un échan-
geur de chaleur intérieur (5; 8); et

c) des premiers moyens de commande
d'écoulement (4; 7) prévus respectivement
entre chaque échangeur de chaleur intérieur
(5; 8) et ledit échangeur de chaleur exté-
rieur (3), pour ajuster sur un premier cOté
respectif desdits échangeurs de chaleur in-
térieurs (5; 8) le débit d'écoulement de flui-
de réfrigérant entre lesdits échangeurs de
chaleur intérieurs (5; 8) et ledit échangeur
de chaleur extérieur (3);

caractérisé par
d) des seconds moyens de commande
d'écoulement (6, 6a, 6b, 11; 9, 9a, 9b, 12)
respectivement prévus entre chaque échan-
geur de chaleur intérieur (5; 8) et ledit com-
presseur (1), pour ajuster entre un état com-
pletement ouvert et un état partiellement
fermé, sur un second cbté respeciif desdits
échangeurs de chaleur intérieurs (5; 8), le
débit d'écoulement de fluide réfrigérant en-
tre lesdits échangeurs de chaleur intérieurs
(5; 8) et ledit compresseur (1).
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Appareil de conditionnement d'air selon la re-
vendication 1, caractérisé en ce que lesdits
seconds moyens de commande d'écoulement
(6, 6a, 6b, 11; 9, 9a, 9b, 12) sont respective-
ment prévus pour ajuster lindairement le débit
d'écoulement de fluide réfrigérant.

Appareil de conditionnement d'air selon la re-
vendication 1, caractérisé en ce que ledit état
complétement ouvert correspond 3 un débit
d'écoulement de fluide réfrigérant de 100%, et
ledit état partiellement fermé a un débit
d'écoulement de fluide réfrigérant de 10%.

Appareil selon la revendication 1, caractérisé
en ce que lesdits premiers moyens de com-
mande d'écoulement (4, 5) sont des soupapes
de détente.

Appareil selon la revendication 1, caractérisé
en ce qu'une vanne a quaire voies (2) est
disposée entre ledit compresseur (1) et ledit
échangeur de chaleur extérieur (3), pour com-
mander le débit dudit fluide réfrigérant.

Appareil selon la revendication 1, caractérisé
en ce que lorsque I'échangeur de chaleur inté-
rieur (5, 8) d'une quelconque (B) desdites uni-
tés intérieures (A, B) est requis de fonctionner
A une faible capacité (10%) pendant un fonc-
tionnement en refroidissement, un moyen cor-
respondant (9) parmi lesdits seconds moyens
de commande d'écoulement (6, 9) ajuste, a
une sortie du fluide réfrigérant, le débit d'écou-
lement du fluide réfrigérant pour I'échangeur
de chaleur intérieur (8) concerné & une faible
valeur requise (20%), réduisant ainsi la capaci-
té d'évaporation de I'échangeur de chaleur in-
térieur (8), distribuant uniformément le fluide
réfrigérant liquide 2 travers I'échangeur de
chaleur intérieur (8), équilibrant une températu-
re dans I'échangeur de chaleur intérieur (8)
ainsi que la température et I'humidité de I'air
passant & travers |'échangeur de chaleur inté-
rieur (8), et ne produisant pas de rosée sur des
composants structurels disposes a l'intérieur
de I'unité intérieure (B) correspondante.

Appareil selon la revendication 1, caractérisé
en ce que lorsque I'échangeur de chaleur inté-
rieur (5, 8) d'une quelconque (B) desdites uni-
tés intérieures (A, B) est requis de fonctionner
A une faible capacité (10%) pendant un fonc-
tionnement en chauffage, un moyen corres-
pondant (9) desdits seconds moyens de com-
mande d'écoulement (6, 9) ajuste, sur une
entrée du fluide réfrigérant, le débit d'écoule-
ment du fluide réfrigérant pour I'échangeur de
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chaleur intérieur concerné a une faible valeur
requise (20%), réduisant ainsi la température
de condensation et la capacité d'échange de
chaleur de I'échangeur de chaleur intérieur (8)
agissant comme condenseur, ne retenant pas
une quantité excessive de fluide réfrigérant
condensé 3 l'intérieur de I'échangeur de cha-
leur intérieur (8), et stabilisant un cycle de
refroidissement de I'appareil de conditionne-
ment d'air.

Appareil selon la revendication 1, caractérisé
en ce que pour un fonctionnement en refroidis-
sement, ledit moyen de commande d'écoule-
ment (6,) réduit le débit d'écoulement du fluide
réfrigérant vers I'échangeur de chaleur inté-
rieur (8 ou 9) correspondant, en fonction d'au
moins un des éléments suivants: une diminu-
tion de la température d'évaporation dans
I'échangeur de chaleur intérieur, le degré de
surchauffe du fluide réfrigérant & une sortie du
fluide réfrigérant, détecté par une sonde
d'échangeur de chaleur (34, 39), et une aug-
mentation de la température ou de I'numidité
de I'air du local (8, 9), détectée par une sonde
de température (33, 38).

Appareil selon la revendication 1, caractérisé
en ce que pour un fonctionnement en chauffa-
ge, ledit second moyen de commande d'écou-
lement (8, 9) réduit le débit d'écoulement du
fluide réfrigérant lorsqu'une charge de chauffa-
ge sur I'échangeur de chaleur intérieur (8, 9)
correspondant a diminué.

Appareil selon la revendication 1, caractérisé
en ce que des moyens de commande 3 parta-
ge de temps (46) sont prévus pour comman-
der lesdits premiers et lesdits seconds moyens
de commande d'écoulement (4, 7; 6, 6a, 6b,
11, 9, 9a, 9b, 12) de maniére partagée dans le
temps, du fluide réfrigérant étant fourni auxdi-
tes unités intérieures (A; B) suivant un rapport
de temps enfre les charges de conditionne-
ment d'air appliquées sur les unités intérieures
(A; B).

Appareil de conditionnement d'air, comportant:
a) une unité extérieure (1, 2, 3) comprenant
un compresseur (1) et un échangeur de
chaleur extérieur (3) relié en série au dit
compresseur (1);

b) plusieurs unités intérieures (A, B, C)
comprenant chacune un échangeur de cha-
leur intérieur (71, 73, 75) branché en paral-
I&le sur ledit échangeur de chaleur extérieur

3)
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c) des premiers moyens de commande
d'écoulement (83, 87, 91) prévus respecti-
vement entre chaque échangeur de chaleur
intérieur (71, 73, 75) et ledit échangeur de
chaleur extérieur (3), pour ajuster sur un
premier cté respectif desdits échangeurs
de chaleur intérieurs (71, 73, 75) un débit
d'écoulement de fluide réfrigérant entre ledit
échangeur de chaleur extérieur (3) et lesdits
échangeurs de chaleur intérieurs (71, 73,
79);
d) ledit compresseur (1) étant doté d'un
moyen a vanne (2) connecté enire ledit
échangeur de chaleur extérieur (3) et un
second cOté respectif desdits échangeurs
de chaleur intérieurs (71, 73, 75), et agencé
de maniére & comprimer ledit fluide réfrigé-
rant provenant desdits échangeurs de cha-
leur intérieurs (71, 73, 75), et & transférer
ledit fluide réfrigérant audit échangeur de
chaleur extérieur (3) dans un mode de re-
froidissement, et de maniére & comprimer
ledit fluide réfrigérant provenant dudit
échangeur de chaleur extérieur (3) et a
transférer ledit fluide réfrigérant vers lesdits
échangeurs de chaleur intérieurs (71, 73,
75) dans un mode de chauffage;
e) des seconds moyens de commande
d'écoulement (85, 89, 93) respectivement
prévus entre chaque échangeur de chaleur
intérieur (71, 73, 75) et ledit moyen & vanne
(2), pour ajuster le débit d'écoulement de
fluide réfrigérant sur les dits seconds cbtés
respectifs desdits échangeurs de chaleur
intérieurs (71, 73, 75);

caractérisé en ce que
f) lesdits échangeurs de chaleur intérieurs
(71, 73, 75) sont dotés de pariies fonction-
nelles (77, 79, 81) par l'intermédiaire des-
quelles le chauffage ou le refroidissement,
respectivement, requis dans lesdites unités
intérieures (A, B, C), est réglé;
g) il existe un circuit de commande (97)
relié audit compresseur (1), audit moyen 2
vanne (2), auxdits premiers et seconds
moyens de commande d'écoulement (83,
87, 91; 85, 89, 93) et auxdites parties fonc-
tionnelles (77, 79, 81); et
h) ledit circuit de commande (97) est adapté
pour commander ledit compresseur (1), le-
dit moyen 2 vanne (2) et lesdits premiers et
seconds moyens de commande d'écoule-
ment (83, 87, 91; 85, 89, 93) lorsque du
chauffage et du refroidissement sont réglés
simultanément par les parties fonctionnelles
(77, 79, 81) individuelles desdits échan-
geurs de chaleur intérieurs (71, 73, 75), de
maniére A faire passer le fluide réfrigérant
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alternativement & travers lesdits échangeurs
de chaleur intérieurs (71, 73, 75), et & en-
trainer ledit appareil en alternance et pério-
diqguement dans le mode de chauffage et
dans le mode de refroidissement, de manié-
re partagée dans le temps, et en synchroni-
sme, pour satisfaire les demandes simulta-
nées de chauffage et de refroidissement
dans lesdites unités intérieures (A, B, C)
respectives.

Appareil selon la revendication 11, caractérisé
en ce que ledit moyen & vanne (2) est une
vanne 3 quatre voies.

Appareil selon la revendication 11, caractérisé
en ce que lesdits seconds moyens de com-
mande d'écoulement (85, 89, 93) sont des
vannes d'arrét présentant un éiat compléte-
ment fermé et un état complétement ouvert.

Appareil selon la revendication 11, caractérisé
en ce que lesdits premiers et seconds moyens
de commande d'écoulement (6; 8; 83, 87, 91;
85, 89, 93) comprennent des vannes 3 deux
voies.

Appareil selon la revendication 14, caractérisé
en ce que lesdites vannes (83, 87, 91) desdits
premiers moyens de commande d'écoulement
sont prévues entre une soupape de détente
(70) et les échangeurs de chaleur intérieurs
(71, 73, 75) respecitifs.

Appareil selon la revendication 11, caractérisé
en ce que ledit circuit de commande (97)
commande la capacité dudit compresseur (1)
en synchronisme avec le fonctionnement alter-
né en chauffage et en refroidissement, selon
les capacités respectivement requises en
chauffage et en refroidissement.

Appareil selon la revendication 14, caractérisé
en ce que ledit circuit de commande (97)
commande ledit compresseur (1), ledit moyen
a vanne (2) et lesdites différentes vannes (83,
87, 91;85, 89, 93) de maniére que le rapport
de durée du refroidissement au chauffage cor-
responde & des capacités respectivement re-
quises en refroidissement et en chauffage.
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