United States Patent [
Higuchi

US005161386A
(111 - Patent Number:

[4s] Date of Patent:

5,161,386
Nov. 10, 1992

[54] MULTI-SYSTEM AIR-CONDITIONING
MACHINE HAVING A PLURALITY OF
INDOOR UNITS CONNECTED TO A SINGLE
OUTDOOR UNIT

[75]1  Inventor:
[73] Assignee:

Itsuo:Higuchi, Fuji, Japan
Kabushiki Kaisha Toshiba, Kawasaki,

Japan
[21] Appl. No.: 738,513
[22] Filed: Jul. 31, 1991
[30] . Foreign Application Priority Data .
Jul. 31, 1990 [JP]- Japan..... 2-203562
Nov. 30, 1990 [JP]  Japan 2-340338
[S1] Int. CLS et F25B 13/00
{52} U.S.CL 62/160; 62/238.7;
62/509
[58] Field of Search .................... 62/160, 238.6, 238.7,
62/509; 237/2 B
[56] References Cited
U.S. PATENT DOCUMENTS
3,769,808 11/1973 Kramer ..........ooueecverivenns 62/509 X
4,242,881 ' 1/1981 Williams ......

4,256,475 - 3/1981 Schafer ....
4,667,479 5/1987: Doctor .........
5,046,323  9/1991 Kuwahara

FOREIGN PATENT DOCUMENTS

0072543 . 2/1983  European Pat. Off. .
54-685 1/1979 Japan .

64-6657° ' 1/1989 Japan .

991339 .5/1965 United Kingdom .
2198828 :6/1988 United Kingdom .

Primary Examiner—William E. Wayner
Attorney, Agent, or Firm—Cushman, Darby & Cushman

(57 ABSTRACT

A heat-pump refrigeration cycle is constructed using a
compressor, a four-way valve, a water heat exchanger,
a receiver, and air heat exchangers. The compressor
draws in, compresses, and discharges refrigerant. The
four-way valve switches a direction of refrigerant flow,
and a water heat exchanger allows an exchange of heat
between inflow refrigerant and water supplied from a
water supply unit. The receiver stores liquefied refriger-
ant, and a parallel circuit of a plurality of air heat ex-
changers allows an exchange of heat between the inflow

-refrigerant and indoor air. The water heat exchangers

are positioned at a location higher than the receiver,
which, during the cooling operation, permits liquefied
refrigerant generated at the water heat exchanger to run

. down into the receiver. This prevents the refrigerant

from remaining in the water heat exchangers.

10 Claims, 9 Drawing Sheets

. -




5,161,386

Sheet 1 of 9

Nov. 10, 1992

U.S. Patent

— —

2 or
e .
—— “
<n. 2818’
" )8
a |- TAE8
dALVIH T P<{ 837003
v8il Y3lwm ol H3LVM




U.S. Patent Nov. 10, 1992 Sheet 2 of 9 5,161,386




Sheet 3 of 9

Nov. 10, 1992

U.S. Patent

5,161,386

m>.

vy 914!
08~
Y3A1VIH
H31UM
437002
H31IVM
& —
Wi |
a’mmﬁmgz..@
4
2 _:m 2S
_ g3 T1041INOD H
4004.LN0
m;AHvI;_ oc|
R
A HOSN3S

Lt~ 34nNSS3Ud

! |
— _
A |
— !
| —m.u./m...l J
; =
; e " 4OSN3S] :
43 TIOHLNOD [=—" | 3unLvy3dW3L
HOOQNI
~ LINA
. Auuwummw_cs | 71_NOILvH3do
S| | s S S
SN = N
09132 el HOSN3S
x X YITIOHLNOD " | FUNLVYIIWIL
HZ ¥OOGN|
a 1 ~ 1INN
WwiEs |/ A5Elos ] NoliviiEdo
QL €3 . T
e . o HOSN3S
43 TI04.LNOD JMNLVEIIWIL
. 12 ™ HOOGNI [=- ——
_. ‘(0[6 3l @%Nlto\. 17 NOILVH3dO




U.S. Patent Nov. 10, 1992 Sheet 4 of 9 5,161,386

- START

IS
OPERATION
STAR:I; SET

NO

IS

YES OPERATION
INSTRUCT DISTRIBUTION | o, STOP ?SET
UNIT A TO START hS .
OPERATION YES (S7

‘ INSTRUCT DISTRIBUTION

SEND OPERAT ION MODE UNIT B TO STOP |
REQUEST TO S3 |OPERATION

DISTRIBUTION UNIT B [ L

OBTAIN THE DIFFERENCE
AS AIR-CONDITIONING | g4
LOAD BETWEEN SET

INDOOR TEMP. AND
SENSED TEMP. AT
INDOOR TEMP. SENSOR

' ]

INFORM DISTRIBUTION | g5
UNIT B OF OBTAINED
AIR- CONDITIONING LOAD

( RETURN )

FI1G 5




U.S. Patent Nov. 10, 1992 Sheet 5 of 9 5,161,386

(START)

T 1S
> OPERA-
TION START NO
INSTRUCTION

RECEIVE
T2 IVES

INSTRUCT OUTDOOR UNIT
A TO START OPERATION

TION STOP
INSTRUCTION

T3
DETERMINE OPERATION MODE J14
INSTRUCT OUTDOOR UNIT
T4 1 A TO START OPERATION

INFORM OUTDOOR UNIT A |

OF DETERMINED
OPERATION MODE

TS

(HEATING
NO OPERATION MODE)

COOL ING
OPERATION MODE
7

YES

16, { sT10
FULLY CLOSE PMVS - |FULLY CLOSE PMVS
CORRESPONDING TO - |CORRESPONDING TO

INDOOR UNITS REQUESTING INDOOR UNITS REQUESTING
HEATING OPERATION MODE|  |[COOLING OPERATION MODE

T7) & , { (T
CONTROL OPENING DEGREE CONTROL OPENING DEGREE
OF PMVS CONNECTED TO OF PMVS CONNECTED TO
INDOOR UNITS REQUESTING INDOOR UNITS REQUESTING
COOLING OPERAT!ON MODE HEAT ING OPERATION MODE

DEPENDING ON AIR- DEPENDING ON AIR -
CONDITIONING LOAD FOR CONDITIONING LOAD FOR
EACH INDOOR UNIT EACH INDOOR UNIT

T8, - I T2
OBTAIN TOTAL OF AIR- OBTAIN TOTAL OF AIR-
CONDITIONING LOADS FOR CONDITIONING LOADS FOR
INDOOR UNITS REQUESTING INDOOR UNITS REQUESTING
COOLING OPERAT iON MODE HEATING OPERATION MODE
_INFORM OUTDOOR UNIT A
OF TOTAL AIR-

CONDITIONING LOAD

FIG 6



U.S. Patent

( START)

Nov. 10, 1992

Sheet 6 of 9

5,161,386

1S |
~ OPERATION o~ U
START
INSTRUCTION OPERAT ION
RECEIVED STOP
5 INSTRUCTION
' 'RECEIVED
USZ YES ?
OPERATE COMPRESSOR | uin YES
03 STOP COMPRESSOR |
v 1
CONTROL FREQUENCY F ui8,
ACCORDING TO TOTAL STOP WATER SUPPLY
AIR - CONDITIONING LOAD ONIT D
u4 (HEAT ING

COOL ING

NO OPERATION MODE)

OPERATION MODE

us
{ ui9,
SET FOUR-WAY VALVE 2 ; _ |
TN NEUTRAL POS. T 1O SWITCH FOUR-WAY VALVE 2
U6, U20,
OPERATE WATER COOLER 83 [OPERATE WATER HEATER 84
U7\ U2|1

SET THREE-WAY VALVES 85,

86, IN NEUTRAL POSITION |

85, 86

SWITCH THREE-WAY VALVES

U81 y

U222,

OPERATE PUMP 87

F I

G 7

OPERATE PUMP 87



U.S. Patent Nov. 10, 1992 Sheet7of9 5,161,386

| ue
Pd<1%Kg/c e —NO
[YVES Ui
‘ NO ui2
Pd<i10Kg/cmaG — {
T e [ T
TWO-WAY VALVES 7,8 TWO-WAY VALVE 8
IS CLOSED IS CLOSED
Ui5 | L
Pd<i5Kg/cm2g —>NO '
-y

1

TWO-WAY MALVES 7,8
IS OPENED

)
( RETURN )

YES

uio

FI1G 8



U.S. Patent Nov..lﬂ, 1992 Sheet 8 of 9 5,161,386

u23

Pd>26Kg/cm2G NO
?
| YES ues | |
Pd>28Kg/cm26 —>n0 3 (U26
2 TWO-WAY VALVE 7
YES u28 IS OPENED
) ! 27
[Two-way vaLvVES 7,8 | | Two-war vaLvE 8
ARE CLOSED IS CLOSED
L
NO
\

TWO-WAY VALVES 7,8
ARE OPENED

)
( RETURN )

u24

FIG 9



U.S. Patent Nov. 10, 1992 Sheet 9 of 9 5,161,386

9.8+

9.64
I 9.4+

F=30.6 HZ

9.0

8.8+
8.6

D))
€

O v L] L
i 2 3
NUMBER OF WATER HEAT —
EXCHANGERS USED |

FI1G 10
%(l ()3‘
—H 7 =
a |
= Iy




5,161,386
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MULTI-SYSTEM AIR-CONDITIONING MACHINE
HAVING A PLURALITY OF INDOOR UNITS
CONNECTED TO A SINGLE OUTDOOR UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a multi-system air condition-
ing machine capable of air-conditioning a plurality of
T00mS.’

2. Description of the Related Art

In multi-system air-conditioning machines, a plurality
of indoor units’ are.connected to a single outdoor unit.

In some of such-air-conditioning machines, the out-.

door unit -contains a compressor, .a water heat ex-
changer, and a receiver, and the indoor units each con-
tain air heat exchangers.

The compressor, water heat exchanger, receiver, and
a parallel circuit of air heat exchangers are connected to
one another by means of piping so as to constitute a
refrigeration cycle. With this configuration; use of the
water  heat exchanger increases ‘the -air-conditioning
capability:

The water heat. exchanger provides a heat exchange

10
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between the-inflow refrigerant and the water supplied -

from an external water supply unit. The refrigerant gas
discharged from the compressor is converted into a
liquefied refrigerant at the water heat exchanger.

The receiver stores an excess of liquefied refrigerant
generated due to variations in the air-conditioning load.

In conventional air-conditioning machines, however,
it is difficult to:store all of the surplus liquefied refriger-
ant in the receiver. For example, part of the liquefied
refrigerant can always remain in the water heat ex-
changer. If this happens, the heat exchanging area of the
water heat exchanger decreases, reducing the air-condi-
tioning capability. .

One multi-system. air-conditioning. machine "is dis-
closed in Published Unexamined Japanese Patent Appli-
cation No. 64-6657.

The reference numerals used in the discussion below
refer to FIGS. 1 and 3. of published unexamined Japa-
nese Patent Application No. 64-b 6657.

In the disclosed machine in which the outdoor unit is
provided with a plurality of air heat exchangers 3 and 4
and indoor units are provided with air heat exchangers
11a and 11b, the inflow of refrigerant into the air heat
exchangers 3-and 4 is controlled according to the num-
ber: of indoor units operated.

Here, the outdoor unit of the air-conditioning ma-
chine is not provided with a water heat exchanger.

30
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the water heat exchanger, thereby improving the: air-
conditioning capability.

The foregoing object is accomplished by a multi-sys-
tem dir-conditioning machine having a plurality of in-
door units connected to a single outdoor unit, which
comprises: a compressor installed in the outdoor unit,
which sucks in a refrigerant, compresses it, and. dis-
charges it; a receiver installed in the outdoor unit,
which stores a liquefied refrigerant; a water supply unit;
a water heat exchanger that allows an exchange of heat
between the inflow refrigerant and the water supplied
from the water supply unit, with the water heat ex-
changer positioned at a location higher than the re-
ceiver in said outdoor unit; a plurality of air heat ex-
changers installed in the indoor units, which allow an
exchange of heat between the inflow refrigerant and the ..
indoor air; and a refrigeration cycle in which the com-
pressor, the water heat exchanger, the receiver, and the
air heat exchangers are connected to each other.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of ‘the invention. The objects and
advantages of the invention may be realized: and ob-
tained. by means of the instrumentalities and. combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description- given above

- and the-detailed description of the preferred- embodi-
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Another  multi-system ' air-conditioning machine is

disclosed in Published - Examined Japanese Utility
Model Application No. 54-685. ,

The reference numerals used in the discussion below
refer to FIG. 1 of published unexamined Japanese Pa-
tent Application No. 54-685.

In this machine, the outdoor unit A is provided with
a water heat exchanger 3. However, the application has
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no explanation in:it for the possibility that the liquefied

refrigerant might remain in the water heat exchanger 3
and a the way of removing the remaining refrigerant.

SUMMARY OF THE INVENTION

The object of the present invention is to prevent-a
liquefied refrigerant from always remaining in the water
heat exchanger to maximize the heat exchanging area of

65

ments given below, serve to explain the principles of the
invention.

FIG. 1 is a schematic diagram showing the construc-
tion of a refrigeration cycle according to an. embodi-
ment of the present invention;

FIG. 2 is a perspective view showing the construc-
tion of the inner tube and outer tube of the water heat
exchanger in the embodiment;

FIG:. 3 is an exploded view showing the construction
of the outdoor unit in perspective in the embodiment;

FIG. 4 is a block diagram for the control circuit in the
embodiment;

FIG. 5 is a flowchart for explaining the operation of
the indoor control section in the embodiment;

FIG. 6 is a flowchart for explaining the operation of
the distribution control section in the embodiment;

FIGS. 7, 8, and 9 are flowcharts for explaining the
operation of the outdoor control section in the embodi-
ment;

FIG. 10:is a graph illustrating the relationship be-
tween the high-pressure-side pressure and the number
of water heat exchangers used in the embodiment; and

FIG. 11 shows an important portion of the refrigera-
tion -cycle according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the accompanying drawings, an embodi-
ment of the present invention will be:explained hereinaf-
ter.

_ Asshown in FIG. 1, a distribution unit B is connected
to an outdoor unit-A by means of piping. A plurality of
indoor units Cy, C,, and Cj3 are connected to the distri-
bution unit B via piping.
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These units A, B, C;, Ca, and C3 cénstitutes a heat-
pump refrigeration cycle that will be described below.

The outdoor unit A is provided with a variable-capa-
bility compressor 1, which sucks in a refrigerant at the
intake, compresses it, and discharges it at the outlet.

A water heat exchanger unit 3 is connected to the
outlet of the compressor 1 via a magnetic four-way
valve 2. The four-way valve 2, which changes the di-
rection of refrigerant flow, is set in the neutral position
when de-energized and performs switching operation
when energized.

The water heat exchanger unit 3 is composed of a
parallel connection of a plurality of water heat exchang-
ers 4a, 4b, and 4c via headers 5 and 6, and magnetic
two-way valves 7 and 8 installed in the pipes on the side
where a check valve 9 and an expansion valve 12 are
located which will be explained later.

Water heat exchangers 44, 4b, and 4c exchanges heat
between the inflow refrigerant and the cold or hot
water supplied from the water supply unit D to be ex-
plained later. ’

As shown in FIG. 2, the water heat exchangers 4aq,
4b, and 4c are of the double tube type in which an inner
tube 401 and an outer tube ar arranged coaxially. Water
flows through the inner tube 401 and a refrigerant
passes between the inner and outer tubes. The double
tube type provides an efficient heat exchange between
water and refrigerant.

The water heat exchanger unit 3 is connected to a
receiver 10 via the check valve 9 in the forward direc-
tion. The receiver 10 is connected to-a header 11.

The expansion valve 12'is connected between the
receiver and water heat exchanger unit 3.

The header 11 is connected to a liquid-side pipe W,
which branches out into three liquid-side pipes W), W»,
and Wj.

The liquid-side pipes W, W3, and W3 are connected,
via flow control valves 21, 31, and 41, and expansion
valves 22, 32, and 42, to the air heat exchangers 24, 34,
and 44 of indoor units Cj, Cz, and Cg, respectively.

Pulse motor valves, whose valve position varies with
the number of driving pulses, are used for the flow
control valves 21, 31, and 41. Flow control valves are
referred to as PMVs, hereinafter.

Air heat exchangers 24, 34, and 44 exchange heat
between the inflow refrigerant and the indoor air.

Check valves 23, 33, and 43 are connected ‘in the
forward direction between the air heat exchangers 24,
34, and 44 and flow control valves 21, 31, and 41.

Gas-side pipes G1, G2, and G are connected to the
air heat exchangers 24, 34, and 44.

The gas-side pipes G1, G2, and G3 are connected to a
gas-side pipe G.

The gas-side pipe G is connected to a header 13,
which is in turn connected to the intake of the compres-
sor 1 via the four-way valve 2 and an accumulator 14.

An oil separator 15 is installed to the outlet of the
compressor 1. A bypass 16 is connected across the com-
pressor 1, running from the oil separator 15 to the intake
of the compressor 1.

Installed between the compressor 1 and four-way
valve 2 is a pressure sensor 17, which senses high-pres-
sure-side pressures.

A water-supply unit D is connected to the outdoor
unit A via water pipes 81 and 82.

The water-supply unit D contains a water cooler 83
for producing cold water, a water heater 84 for produc-
ing hot water, magnetic three-way valves 85 and 86,
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4
and a pump 87. Each of the three-way valves 85 and 86
has two water :courses, ‘with one  water -course being
open and the other closed when in the neutral position
or de-energized, and one water course being closed and
the other open when energized. .

_For the water cooler 83; a cooling tower is used, for
example. The water heater 84 may be of the heater type
making use of late-mght electric power.

The outlet of the water cooler 83 is connected to the -
intake of a pump 87 via one water course of the three- .
way valve 85.

The outlet of the water heater 84 is connected to the _
intake of the pump 87 via the other water course of the:.
three-way valve 85.

The outlet of the pump 87 is connected to the water
pipe 81.

The water pipe 81 is connected to one end of each of
the inner tubes 401 of the water heat exchangers 44, 4),
and 4c. .

The other end of each of the inner tubes 401 is con-
nected to the water pipe 82.

The water pipe 82 is connected to the intake of the .
water cooler 83 via one water course of the three-way
valve 86. The water p1pe 82is connected to the intake of
the water heater 84 via the other water course of the:
three-way valve 86.

FIG. 3 illustrate the location of parts on the outdoor.
unit A. '
Around a base plate 91, there are side: plates 92, 92,
back plate 93, and ceiling plate 94 mstalled Numeral 95

indicates an electrical parts box.

On the base plate 91, the compressor 1, receiver 10,
accumulator 14, and oil separator 15 are installed. |

The water heat exchanger unit 3 is installed at a loca-
tion higher than the compressor 1, receiver 10, accumu-
lator 14, and oil separator 15.

FIG. 4 is a block diagram for the control circuit..
The outdoor unit A contains an outdoor controller
50, which is composed of a microcomputer and related -

peripheral circuitry.

The outdoor controller 50 is connected to the four-
way valve 2, two-way: valves 7 and 8, pressure sensor
17, and inverter 51.

The inverter 51 rectifies the voltage of a commercial
alternating-current power supply 52, converts:it into a
voltage of a specified frequency as required by the out- :
door controller 50, and then supplied it. The output of
the inverter 51 is supplied to a compressor motor IM as
driving power. The compressor motor IM is a driving -
motor for the compressor 1. .

The outdoor controller- 50 is connected via signal
lines to a distribution controller 60 of the distribution
unit B. The distribution controller-60 is composed of a
microcomputer and related peripheral circuitry.

The distribution controller 60 is connected to PMVs
11, 21, and 31.

The' distribution - controller 60 is :connected to the
indoor controllers 70, 78, 70 of the indoor units C;, Cy,
and Cj via signal lines. Each of these indoor controllers
70, 70, 70 is composed: of a microcomputer and related .
peripheral circuitry.

Each of the indoor controllers 70, 70, 70 is connected
to an operation unit 71 and temperature sensor 72.

The temperature sensor 72 senses: indoor - tempera- .-
tures.

The outdoor controller 50 is connected to the water
supply controller 80 of the water:supply unit D via -
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signal lines. The water supply controller 80.is composed
of a microcomputer and related peripheral circuitry.

The water supply controller 80 is connected to the
water cooler 83, water heater 84, three-way valves 85
and 86, and pump 87.

The indoor controllers 70, 70,70 of the indoor units
C1, Cy, and C3 have the following functional means [1],
[2}, [3], and [4]:

Means [1] for instructing the distribution unit B to
start and stop operation by means of the operation unit
7.

Means [2] for sending to the distribution unit B a
request for the cooling operation mode or heating oper-
ation mode set at the operation unit 71.

Means [3] for calculating the difference as air-condi-
tioning load between the indoor temperature set at the
operation unit' 71 ‘and 'the temperature sensed- at .the
temperature sensor 72.

Means [4] for informing the distribution unit B of the
calculated air-conditioning load.

The distribution controller 60 has the following func-
tional means [1] through [9]:

Means [1] for determining on one of the cooling or
heating operation modes according to the request of the
indoor units Cj, Cy, and Cs.

Means [2] for informing the outdoor controller 50 of
the determined operation mode.

Means [3] for fully closing the PMVs connected to
the indoor units requesting the heating operation mode,
among the PMVs 21, 31, and 41, when the cooling
operation mode is determined.

Means [4] for controlling the opening degree of each
of the PMVs connected to the indoor units requesting
the cooling operation mode, among the PMVs 21, 31,
and 41, depending on the air-conditioning load for each

“indoor unit, when the cooling operation mode is deter-
mined.

20

25

Means [5] for calculating the total of air-conditioning:

loads for the indoor units requesting the cooling opera-
tion mode when the :cooling operation mode ‘is deter-
mined.

Means {6] for fully closing the PMVs connected to
the indoor units requesting the cooling operation mode,
among the PMVs 21, 31, and 41; when the heating
operation mode-is determined.

Means [7] for controlling the opening degree:of each
of the PMVs connected to the indoor units requesting
the heating operation mode, among the PMVs 21, 31,

40

45

and 41, depending on the air-conditioning load for each -

indoor unit, when the heating operation mode is deter-
mined.

Means {8] for calculating the total of air-conditioning
loads for the indoor units requesting the heating opera-
tion mode when the heating operation mode is deter-
mined.

Means [9] for informing the outdoor unit A of the
calculated total of air-conditioning loads.

The outdoor controller 50 has the following func-
tional means [1] through [9].

Means [1] for starting to operate the compressor.1 by
driving the inverter 51 in response to the operation start
instruction.

Means [2] for controlling the frequency F (Hz) of the
output of the inverter 51 according to the total of signal
air-conditioning loads.

Means [3] for setting the four-way valve 2 in the

neutral position without energizing it when the cooling
operation mode is requested.

55
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Means [4] for operating the water cooler 83 of the
water supply unit D, setting the three-way valves 85
and 86 in the neutral position, and operating the pump
87 when the cooling operation mode is requested.

Means [5] for switching the four-way valve 2 by
energizing it when the heating operation mode is re-
quested.

Means [6] for operating the water heater 84 of the
water supply unit D, switching the three-way valves 85
and 86, and operating the pump 87 when the heating
operation mode is requested.

Means {7} for controlling the opening/closing of the
two-way valves 7 and 8 of the water heat exchanger
unit 3 depending on the sensed pressure:at the pressure
sensor 17 during the cooling or heating operation.

Means [8] for stopping the operation of the compres-
sor 1 by stopping the drive of the inverter 51 in response
to the operation stop instruction.

Means [9] for stopping the operation of ‘the water
supply unit D in response to the operation stop instruc-
tion.

The operation of the indoor units Cy, Ca, and C3 will
be explained, referring to FIG. 5.

When the operation unit 71 is set to the operation
start .(step S1), the distribution unit B is instructed to
start operation (step S2).

At the same time, either the cooling operation mode
or the heating operation mode set at the operation unit
71 is sent to the distribution unit B (step S3).

The difference between the indoor temperature set at
the operation unit 71 and the sensed temperature at the
temperature sensor 72 is calculated as air-conditioning
load (step S4). The distribution unit B is informed of the
calculated air-conditioning load (step S§).

When the operation unit is set to the operation stop
(step: S6), the distribution unit-B is instructed to stop
operation (step S7). :

Referring to FIG: 6, the operation of the distribution
unit will now be described.

When at least one of the indoor units Cy, Cz, and C3
sends the operation start instruction (step T1), the out-
door unit A is instructed to start operation (step T2). At
the same time, either the cooling operation mode or the
heating operation mode is determined depending on the
request of the indoor units Cy, C3, and Cj3 (step T3).

For example, the number of requests for the cooling
operation mode is compared with the number of request
for the heating operation: mode to determine on the
mode for which the number of requests is larger.

Another way:is to previously give the order of prior-
ity to the indoor units Cj, C;, and C3, and select and
determine on the operation mode of the indoor unit
whose priority is higher than those of any other indoor
units requesting operation.

The outdoor controller 50 is informed of the deter-

. mined operation mode (step T4).

60

65

When the cooling operation mode is determined (step
T5), the PMVs connected to the indoor units requesting
the heating operation mode among the PMVs 21, 31,
and 41 are fully closed (step T6).

At the same time, the opening degree of each of the
PMVs connected to the indoor units requesting the
cooling operation mode among the PMVs 21, 31, and 41
is controlled according to the air-conditioning load for
each indoor unit (step T7).

Then, the total of air-conditioning loads for the in-
door units requesting the cooling. operation mode is
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calculated (step T8). The outdoor unit A is informed of
the calculated total of air-conditioning loads (step T9).

When the heating operation mode is determined (step
T5), the PMVs connected to the indoor units requesting
the cooling operation mode among the PMVs 21, 31,
and 41 are fully closed (step T10).

At the same time, the opening degree of each of the
PMVs connected to the indoor units requesting the
heating operation mode among the PMVs 21, 31, and 41
is controlled according to the air-conditioning load for
each indoor unit (step T11).

Then, the total of air-conditioning loads for the in-
door units requesting the heating operation mode is
calculated (step T12). The outdoor unit A is informed of
the calculated total of air-conditioning loads (step T9).

When all of the indoor units Cj, C;, and C3request an
operation stop (step T13), the outdoor unit A is in-
formed of the operation stop instruction (step T14).

Referring to FIGS. 7, 8, and 9, the operation of the
outdoor unit A and water supply unit D will be ex-
plained.

When the distribution unit B requests an operation
start (step U1), the inverter 51 is driven and the com-
pressor 1 starts to operate (step U2).

The frequency F (Hz) of the output of the inverter 51
is controlled according to the total of air-conditioning
loads (step U3).

If the cooling operation mode is requested (step U4),
the four-way valve 2 is set in the neutral position (step
Us).

At the same time, the water cooler 83 of the water
supply unit D is operated (step U6), the three-way
valves 85 and 86 are set in the neutral position (step U7),
and the pump 87 is driven (step US).

When the pump 87 starts to run, the cooling water in
the water cooler 83 flows through one water course of
the three-way valve 85 into the water pipe 81. The
cooling water flowing into the water pipe 81 enters the
water heat exchangers 4a, 4b, and 4c. The water leaving
the water heat exchangers 4a, 4b, and 4c flows through
the water pipe 82 and then through one water course of
the three-way valve 86 into the water cooler 83.

In this case, as illustrated by solid-line arrows in FIG.
1, the compressor 1 discharges the refrigerant gas,
which passes through the four-way valve 2 and enters
the water heat exchanger unit 3. The refrigerant gas
flowing into the water heat exchanger unit 3 enters the
water heat exchangers 4a, 45, and 4¢, which allow the
cooling water from the water supply unit D to depnve
the refrigerant gas of heat to liquefy it.

The liquefied refrigerant leaving the water heat ex-
changer unit 3 flows through the check valve 9, re-

ceiver 10, and header 11, and then into the liquid-side

pipe W. The liquefied refrigerant flowing into the lig-
uid-side pipe W passes through open ones of the PMVs
21, 31, and 41. It is assumed hereinafter that the PMVs
21 and 31 are open and the PMV 41 is closed.
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The liquefied refrigerant passing through the PMVs v

21 and 31 is reduced in pressure in the expansion valves
22 and 32, and enters the air heat exchangers 24 and 34.
Since the water heat exchanger unit 3 is positioned
higher than the receiver 10, the liquefied refrigerant
generated at the water heat exchangers 4q, 4b, and 4c all
runs down into the receiver 10 without remaining in the
water heat exchangers 4a, 4b, and 4c.
The refrigerant entering the air heat exchangers 24
and 34 deprives the indoor air of heat to vaporize. The
- refrigerant gas leaving the air heat exchangers 24 and 34
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enters the gas-side pipe G and then passes through the
header 13, four-way: valve 2, and accumulator 14 and
goes into the compressor 1. N

That is, the water heat exchanger unit.3 acts as con-
denser and the indoor heat exchangers 24 and 34 serve
as evaporator to perform the cooling operation of the
indoor units Cj and Ca.

During the cooling operation, the pressure sensor-17
senses a high-pressure-side pressure Pd, which is then’
compared with a set value of 12 Kg/cm2G (step U9).

If the number of indoor units operated among Cj, Cz,
and Cj3 is two or more, the high-pressure-side pressure
Pd is higher than the set value 12 Kg/cm2G (Pd> 12
Kg/cm?G). Inthis condition; both of the two-way
valves 7 and 8 are opened (step U10).

When the two-way valves 7 and 8 are open, the re- -
frigerant passes through all of the water heat exchang-
ers 4a, 4b, and 4¢, which:maximizes the-condensing
capacity of the water heat exchanger unit 3. .

When the operation is switched: to an independent
operation of one of the indoor units Cj, C3, and C3, the
condensing capacity of the water heat exchanger unit 3 -
becomes excessive, causing the high-pressure-side pres-
sure Pd to drop.

When the hlgh-pressure-51de pressure ‘Pd - drops
below the set value 12 Kg/cm2G (Pd<12 Kg/cm?G),
the high-pressure-side pressure Pd is then compared:
with another set value of 10 Kg/cm?G (step U11).

If the high-pressure-side pressure Pd is larger than the:
set. value 10 Kg/em?G (12 Kg/cm?G>Pd>10:
Kg/cm?2G), the two-way valve 7 remains open: (step
U12) and the two-way valve 8 is closed (step U13).. -

When the two-way valve 7 is open and the two-way:
valve 8 is closed, the refrigerant passes through the two
water heat exchangers 4¢ and 45 but not through the -
water heat exchanger 4c. This makes the condensing
capacity of the water heat exchanger unit:3 moderate.

When the ‘high-pressure-side pressure: Pd decreases
further below the set value 10° Kg/cm2G (Pd<10
Kg/cm2G), the two-way valves 7 and 8 are both closed.
(step U14).

When the two-way valves 7 and 8 are closed, the
refrigerant passes through one water heat exchanger 4a:

but not. through the water heat exchangers 4b and 4c,
which minimizes the condensing capacity:of the water
heat exchanger unit.3.

Under this condition, the high-pressure-side pressure
Pd is compared with still another set value of 15
Kg/cm?G (step U15):

If the high-pressure-side pressure Pd is lower than the
set value 15 Kg/cm?G' (Pd < 15 'Kg/cm?G), the two-
way valves 7 and 8 remain closed (step U14).

The number of indoor units operated-among Cjy, Ca,"
and C3 is increased, the condensing capacity of the
water heat exchanger unit .3 becomes insufficient, rais-
ing the high-pressure-side pressure Pd.

If the high-pressure-side: pressure: Pd exceeds the set
value 15 Kg/cm2G (Pd>15 Kg/cm2G), the two-way
valves 7 and 8 are both opened (step U10).

In this way, the water heat exchangers-4a, 4b, and 4c .
operate selectively, which suppresses:an excessive-rise
in the condensing capacity, -thereby maintaining the
high-pressure-side pressure. Pd' at the necessary and
sufficient value without dropping excessively.

FIG. 10 shows the relationship between the high-
pressure-side pressure Pd and the number of water heat
exchangers used among 4a, 4b, and 4c.
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In this example, to maintain the high-pressure-side

pressure Pd higher than 9 Kg/cm2G, what are used as

set values for the high-pressure-side pressure Pd are

different from the above 10 Kg/ecm2G, 12 Kg/cm?G,
and 15 Kg/cm?G.

If the temperature:of the cooling water in the supply

water unit D drops too far, low-load operation takes

place; which tends to cause the high-pressure-side Pd to
drop significantly. In this case, the water heat exchang-
ers 4a, 4b, and 4c also operate selectively, which pre-
vents the high-pressure-side pressure Pd from decreas-
ing. excessively, thereby maintaining it at.the necessary
and sufficient value.

Since the water:heat exchanger unit 3 is positioned
higher than the receiver 10, the liquefied refrigerant
generated at the water heat exchangers 4a, 4b, and 4¢
almost all runs down into the receiver 10, which pre-
vents the liquefied refrigerant from always remaining in
the water heat exchangers 4q, 45, and 4c.

Therefore, it is possible to use the heat exchanging
area of the water heat exchangers 4a, 45, and 4c to a
maximum, thereby improving the air-conditioning ca-
pability.

Since the two-way valves are installed in'the pipes on
the side where the check valve 9 and expansion valve 12
are located (on the side where the air heat exchangers
24, 34, and 44 are located) among the pipes connected to
the water heat exchangers 4b and 4¢, when the number
of indoor units operated among-Cj, C3, and Cj is de-
creased and at:least one of the two-way valves 7 and 8
is closed, excess refrigerant is confined in the water heat
exchanger whose refrigerant flow has been: stopped.

Therefore, this, combined with the use of the receiver
10, always maintains the circulating amount of the re-
frigerant in the refrigeration cycle at an optimum condi-
tion.

When- the distribution unit B requests an operation
stop (step U16), the drive of the inverter:51 is stopped
and the operation of the compressor 1 is stopped (step
U17). At the same time, the operation of the water
supply unit D is stopped (step U18).

If the heating operation mode is requested (step U4),
the four-way valve 2 is switched (step U19).

At the same time; the water heater 84 of the water
supply unit- D is operated (step U20), the three-way
valves 85 and 86 are switched (step U21), and the pump
87 is driven (step U22). '

When the pump 87 starts to run, the hot water in the
water heater 84 flows through the other water course of
the three-way valve: 85 into the water pipe 81. The
heating water flowing into the water pipe 81 enters the
water heat exchangers 4a, 4b, and 4c. The water leaving
the water heat.exchangers 4a, 4b, and 4c¢ passes through
the water pipe 82 and then through the other water
" course of the three-way valve 86, and returns to the
water heater 84.

In this case, as-indicated by broken-line arrows. in
FIG. 1, the compressor 1 discharges the refrigerant gas,
which flows through the four-way valve 2 and header
-13 into the gas-side pipe G. In the explanation hereinaf-
ter, it is assumed that the PMVs 21 and 31 are open, and
the PMV 41 is fully closed.

The refrigerant gas in the gas-side pipe G enters the
air heat exchangers 24 and 34, which allow the indoor
air to deprive the refrigerant gas of heat to liquefy it.

The liquefied refrigerant leaving the -air heat ex-

changers 24 and 34 passes through the check valves 23.

and 33, and the PMVs 21 and 31 and then enters the
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liquid-side pipe W. The liquefied refrigerant. flowing
into the liquid-side pipe W passe through the header 11,
receiver -10, .and expansion valve 12 and enters the
water heat exchangers 4a, 4b, and:4c of the water heat
exchanger unit 3.

The refrigerant entering the water heat exchangers:
4a, 4b, and 4c deprives the hot water supplied from the
water supply unit D of heat to vaporize. The refrigerant
gas leaving the water heat exchangers 4a, 4b, and 4c
passes through the four-way valve 2 and accumulator
14 and goes into the compressor 1. '

That is, the indoor heat exchanger units 24 and 34 act
as condenser and the water heat exchanger unit 3 func-
tions as evaporator to perform the heating operation of
the indoor units C; and C,.

During the heating operation, the pressure sensor 17
senses an high-pressure-side pressure Pd, which is then
compared with a set value of 26 Kg/cm?G (step U23).

If the number of indoor units operated-among Cj, Ca,
and Cj is two or more; the high-pressure-side pressure
Pd is lower than the set value 26 Kg/cm2G (Pd>26
Kg/cm?G). Under this condition, the two-way valves 7
and 8 are both opened (step U24).

‘When the two-way valves 7 and 8 are open, the re-
frigerant passes through all of the water heat exchang-
ers 4a, 4b, and 4c, which maximizes the evaporating
capacity of the water heat exchanger unit 3.

When the operation is switched to an. indepéndent
operation of one of the indoor units Cj, Cy, and C3, the
evaporating capacity of the water heat exchanger unit 3
becomes excessive, causing the high-pressure-side pres-
sure Pd to rise.

When the high-pressure-side pressure Pd rises above
the set value 26 Kg/cm2G (Pd>26 Kg/cm?2G), the
high-pressure-side pressure Pd is then compared with
another set value of 28 Kg/cm?2G (step U25).

If the high-pressure-side pressure Pd is lower than the
set value 28 Kg/cm2G (28 Kg/cm2G>Pd>26
Kg/cm?G), the two-way valve 7 remains open (step
U26) and the two-way valve 8 is closed (step U27):

When the two-way valve 7 is open and the two-way.
valve 8 is closed, the refrigerant passes through the two
water heat exchangers 4a and 45 but not through the
water heat exchanger 4c.. This makes the evaporating
capacity of the water heat exchanger unit 3 moderate.

When the high-pressure-side pressure Pd increases
further above ‘the set value 28 Kg/cm2G (Pd>28
Kg/cm?G), the two-way valves 7 and 8 are both closed
(step U28).

When the two-way valves 7 and 8 are closed, the
refrigerant passes through one water heat exchanger 4a
but not through the water heat exchangers 4b and 4c,
which minimizes the evaporating capacity of the water
heat exchanger unit 3.

Under this condition, the high-pressure-side pressure
Pd is compared with still -another set value of 24
Kg/cm?G (step U29).

If the high-pressure-side pressure Pd is higher than
the set value 24 Kg/cm2G (Pd>24 Kg/cm2G), the
two-way valves 7 and 8 remain closed (step U28).

The number of indoor units operated among Cj, C»,
and Cj is increased, the evaporating capacity of the
water heat exchanger unit 3 becomes insufficient, drop-
ping the high-pressure-side pressure Pd.

If the high-pressure-side pressure Pd drops below the
set value 24 Kg/em?G: (Pd<24 Kg/cm?G), the two-
way valves 7 and 8 are both opened (step U24).
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In this way, the water heat exchangers 4a, 4b, and 4¢
operate selectively, which suppresses an excessive rise
in the evaporating pressure, thereby avoiding an ex-
treme rise in the high-pressure-side pressure Pd.

When the temperature of the hot water in the supply
water unit D rises too high, overload operation: takes
place, which tends to cause the high-pressure-side pres-
sure Pd to rise excessively. In this situation, however,
the water heat exchangers 4a, 4b, and 4c.also operate
selectively, which prevents an excessive rise in the
high-pressure-side pressure Pd.

In addition, hot water always flows through all of the
water heat exchangers 4q, 4b, and 4c, so that even if the
outdoor temperature is low, there is no possibility that
the water heat exchangers 44, 4b, and 4c are frozen.

When the distribution unit B requests an operation
stop (step U16), the drive of the inverter 51 is stopped,
and the operation of the compressor 1 is stopped (step
U17). At the same time, the operation of the water
supply unit D is stopped (step U18).

The major portions of another embodiment accord-
ing to the present invention are shown in FIG. 11.

In this embodiment, the two-way valves 7 and 8 are
installed in the pipe on the side where the four-way
valve 2 is located among the pipes connected to the
water heat exchangers 4b and 4c¢. The remaining ar-
rangement and the operation are the same as those with
the above-mentioned embodiment.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, and representative devices, shown and de-
scribed herein. Accordingly, various modifications may
be made without departing from the spirit or scope of
the general inventive concept as defined by the ap-
pended claims and their equivalents.

What is claimed is:

1. A muiti-system air-conditioning machine having a
plurality -of indoor units connected to a single outdoor
unit, which comprises:

a compressor installed in said outdoor unit, which

draws in, compresses, and discharges refrigerant;

a receiver installed in said outdoor unit, which stores
liquefied refrigerant;

a water supply unit;

a plurality of water heat exchangers that allow an
exchange of heat between an inflow of refrigerant
and water supplied from said water supply unit, the
water heat exchangers being positioned at a loca-
tion higher than said receiver in said outdoor unit;

a plurality of air heat exchangers installed in said
indoor units, which allow an exchange of heat
between the inflow refrigerant and indoor air;

a refrigerant cycle in which said compressor, a paral-
lel circuit of said water heat exchangers, said re-
ceiver, and a parallel circuit of said air heat ex-
changers are connected to each other by means of
pipes;

a plurality of two-way valves each installed in the
pipes connected to said water heat exchangers in
said refrigeration cycle;

sensing means for sensing a high-pressure-side pres-
sure in said refrigeration cycle; and

control means for controlling an opening and a clos-
ing of said two-way valves according to said high-
pressure-side pressure sensed.

2. A multi-system air-conditioning machine accord-

ing to claim 1, wherein said two-way valves are in-
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. 12 o ,
stalled on a side of said water heat exchangers where
said air heat exchangers are located.

3. A multi-system air-conditioning machine accord-
ing to claim 1, wherein said water heat exchangers are
of a double tube type in which an inner-tube and an
outer tube are arranged coaxially, with water supplied.
by said water supply unit flowing: through the inner
tube and refrigerant flowing between the inner tube and
outer tube.

4. A multi-system air-conditioning machine accord-
ing to claim 1, wherein said water supply unit contains
a water cooler producing cold water and a water heater
producing hot water.

5. A multi-system air-conditioning machine having a
plurality of indoor. units connected to a single outdoor
unit, which comprises: -

an inverter installed in said outdoor unit, which pro-
duces electric power of a specified frequency;
compressor motor installed. in said outdoor unit,
which operates on output from said: inverter and
varies a number of revolutions according to the
specified frequency of the output of said inverter;.
a variable-capability compressor installed in said out-

door unit, which 1is driven by said compressor

motor and draws in, compresses, and discharges -
refrigerant; pl a receiver installed in said outdoor
unit, which stores liquefied refrigerant;

a water supply unit;

a plurality of water heat .exchangers that allow an

a

exchange of heat between an inflow of refrigerant -

and water supplied from said water supply unit, the

water heat exchangers being positioned at a loca- :
tion higher than said receiver in said outdoor unit;

plurality of air heat exchangers installed in said

indoor units, which allow an exchange. of heat
between the inflow refrigerant -and indoor air;

a plurality of flow control valves for regulating an
amount of the inflow refrigerant flowing through
said air heat exchangers

refrigeration cycle in which said compressor, a
parallel circuit of said water heat exchangers, said
receiver, said flow control valves, and said air heat
exchangers are connected to each other by means
of pipes; '

plura]ity of two-way valves: each installed in the
pipes connected to said water heat exchangers in
said refngeratlon cycle;

first sensing means installed .in each of sald indoor -

units, which sense an air-conditioning load based
on a temperature of said:indoor air;

. control means for controlling the specified frequency-
of the output of said inverter according to a total of -
said air-conditioning loads sensed;

control means for controlling an opening degree of

said flow control valves accordmg to saxd air-con-
ditioning loads sensed;

second sensmg means for sensing a hxgh-pressure-sxde

pressure in said refrigeration cycle; and

control means for controlling an-opening and a clos-

ing of said two-way valves according to said high-.
pressure-side pressure sensed.

6. A multi-system air-conditioning machine accord-
ing to claim 5, wherein said two-way valves are in-:
stalled on a side of said water-heat exchangers where: .
said air heat exchangers are located. -

7. A multi-system air-conditioning machine accord-
ing to claim 5, wherein said water heat exchangers are
of a double tube type in which an:inner:tube and an:
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outer tube are arranged coaxially, with water supplied
by said water supply unit flowing through the inner
tube and refrigerant flowing between the inner tube and
outer tube.
8. A multi-system air-conditioning machine accord-

ing to claim 5, wherein said water supply unit contains
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a water cooler producing cold water and a water heater
producing hot water. ‘

9. A multi-system air-conditioning: machine accord-
ing to claim 5, further comprising a distribution unit
located between said outdoor unit and said indoor units.

10. A multi-system air-conditioning machine accord-
ing to claim-9, wherein said flow control valves are

installed in said distribution unit:
* * * * *



