AIR CONDI TI ONI NG SYSTEM  This invention relates generally to air
conditioning and in particular, although not exclusively, to a condensing
unit for an air conditioning systemhaving a plurality of individually
operabl e cooling units. In a typical application, the condensing unit
will be nmounted externally of the builtding to be cooled and the cooling
units will be provided at the various | ocations to be cooled, such as the
rooms of a house or apartnent. system of this general type

provi des  several advant add®, CONDIEEDNENFaSYSWEU bei ng reduced material s
and operational costs resulting fromthe sharlng of one or nore
conpressors and, condensers by the pluralit cooling units
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unit for an air conditioning system having a plurality of

individually operable cooling units.

In a typical application, the condensing unit will be
mounted externally of the building to be cooled and the
cooling units will be provided at the various locations
to be cooled, such as the rooms of a house or apartment.
A system of this general type provides several
advantages, the principal ones being reduced materials
and operational costs resulting from the sharing of one
or more compressors and condensers by the plurality of
cooling units. Additionally, the use of just one outdoor
unit is aesthetically preferable, simplifies maintenance
and may be otherwise required because of a lack of space
or due to local government regulations. However, since
all the indoor units will rarely, if ever, be in use at
any one time, the system requires careful control of the
flow of refrigerant between the outdoor and indoor units

to ensure reliable and safe operation.

The aim of the invention is thus to provide a condensing
unit and an air conditioning system including the same

which meet these requirements.



all the indoor units will rarely, if ever, be in use at any one tine, the

systemrequires careful control of the flow of refrigerant between the

outdoor and indoor units to ensure reliable and safe operation. The ai m

of the invention is thus to provide a condensing unit and an air

condi tioning systemincluding the sane2-whi ch neet these requirenents.

-2- In one aspect, the invention provides a condensing unit for an air

conditioning systemhaving a plurality of individually controllable

cooling unit t he conden;ingh-unit conpri si ng: a _conmpressor ar ranged
an
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unit comprising:

a compressor arranged for receiving gas refrigerant
from said cooling units;

a condenser for condenSing the gas refrigerant
compressed by the compressor into liquid refrigerant;

a plurality of £fluid 1lines for selectively
supplying the liguid refrigerant to respective ones of
said cooling units;

each fluid line having a respective first valve
means for controlling the supply of liquid refrigerant to
its associated cooling unit; and

electronic logic control means, responsive to input
signals received from said cooling units, for controlling
the operation of each first valve weans;

wherein each said first valve means is adapted to
provide open fluid communication through its associated
fluid 1line when the first valve means is in an

unenergized state.

In another aspect, the invention provides an air
conditioning system comprising such a condensing unit and
a plurality of cooling units coupled to the condensing

unit.



said cooling units; each fluid line having a respective first valve
means for controlling the supply of liquid refrigerant to its associated

cooling unit; and el ectronic | ogic control neans, responsive to input
signal s received fromsaid cooling units, for controlling the operation of
each first val ve neans; wherei n-8ach said first valve neans is
adapted to provide open fluid comrunication through its associated fluid
line when the first valve neans is in an unenergi zed state.

I n anot her asgecéh the invention provjdes an air _conditionin
syst em conpr iRFRGFLLBE 5OcERGeAGVERLHAT R thepPurREi thass IR Sini t s
coupl ed to the_ condensi
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path remains open, by virtue of the first valve means, to
permit pressure equalization before the system is
restarted. The power may have been interrupted by the
user switching off the system at the mains, or as the
result of a power cut. In a preferred embodiment, each
first valve means is a normally-open solenoid valve. It
is thus possible to use a relatively cheap and readily

available component.

Conventional air-conditioning systems which use
normally-closed solenoid valves in the liquid lines to
the indoor units trap the refrigerant when the system is
not operating. As a result, the compressor has to work
against a high hgad pressure upon start-up. This tends to
reduce the life of the compressor motor. The condensing
unit of the invention overcomes this problem in a simple

yet highly effective way, and without additional cost.

Furthermore, according to the invention, aﬁ electronic
logic control means provides for efficient and central
control of all the electrical items of the system, the
valves, compressors and fans, from a single circuit .
board. This feature offers scope for cost savings and
miniaturisation, as well as improved reliability when

compared with a prior art control consisting of



supply to the systemis interrupted, the refrigerant path renains open, by
virtue of the first valve neans, to permt pressure equalization before
the system is restarted. The power may have been interrupted by the

user switching off the systemat the mains, or as the result of a power
cut. In a preferred enbodi ment, each -frrst valve neans is a nornally-open
solenoid valve. It is thus possible to use a relatively cheap and readily
avai | abl e conponent. Conventional air-conditioning_ sSystens whi ch
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the invention, an electronic ogr ¢ control” means provi cl ent
and central GORLAS afh BbhidPEng! BEEHEAER! codE€MBed@lictin System the

val ves, conpressors and fans, froma single circuit
In a preferred embodiment, the or each compressor 1is
fitted with a means for changing its effective capacity.
If the number of cooling units in use at any time ‘is too
low for adequate 1loading of the compressor, liquid
refrigerant may not be fully evaporated in the fan coil,
resulting in liquid entering the compressor and causing
damage. In extreme cases, freezing of the fan coil may
occur. This problem is overcome by feeding a portion of
the hot gas output by the compressor to the input thereof
when the number of indoor units in operation is low, for
example only one. This hot gas feedback device
preferably inclﬁdes é normally-closed solenoid valve,

another relatively cheap and readily available component.

Other aspects, features and advantages of the invention
will become apparent from the following detailed
description of a preferred embodiment, given by way of
example only, with reference to the accompanying

drawings, in which :

Figure 1 is a refrigerant circuit diagram of an air

conditioning system;



board. This feature offers scope for cost savings and mniaturisation, as
well as inproved reliability when conpared wth a prior art control
consisting of -4- el ect ronmechani cal
conponents. As a highly preferred feature, the circuit board supplies
el ectrical power directly to the conp8rents being controlled, including
the indoor unit fans, thereby mnimzing the required wring and achieving
further cost reduction. In a preferred enbodi nent, the or each.
conpressor is fitted with a neans for changing its effective capacity. |If
t he nunber ofFt@Breng i tani alesérdcadnyciranits dle@ranwiPsr tade it e

| oadi ng of the conpressor, liquid refrigerant may not be fully evaporated
in the fan cofPRIbAIRG BYFHEMi quid entering the conpressor and causing

darmage. In exirene cases reezin f.the f coil nma ccur,. This problem
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control; '
Figure 4 is a diagram showing the inputs and outputs of a

control logic; and

Figure 5 is a logic table.

Referring to the drawings, Figure 1 shows the basic
components of the refrigerant circuit of an
air-conditioning system according to an embodiment of the
invention. The system comprises a plurality of indoor
cooling units, known in the art as fan coil units. 1In
this embodiment, there are five fan coil units (FCUl to
FCU5). . Each fan coil unit includes a cooling element in
the form of a coiled pipe and a fan for directing air to

be cooled to pass over the coil.

In operation, liquid refrigerant enters the coil,
evaporates and emerges as a gas, the air blown or drawn
by the fan providing the latent heat of evaporation and
in the process being cooled. Since the basic construction
and operation of the fan coil units are conventional and
well-known, and do not form part of the inVention, they

will not be further described.

The system further comprises an outdoor condensing unit,

which controls the flow of refrigerant through each of



the hot gas output by the conpressor to the input thereof when the nunber
of indoor units in operationis low, for exanple only one. This hot
gas f eedback device preferably includes a normally-closed sol enoid
val ve, another relatively cheap and réadily avail abl e conponent. Q her
aspects, features and advantages of the invention wll beconme apparent
from the follow ng detailed description of a preferred enbodi nent,
given by way of exanple on]y with reference_ to t he acconpa i ng

“drawings, in W cn Eotyumits iang cﬁ%rwerl@reﬁ drite diqte Fas AURFIADIEEEN ai r

condi 11001 10 SYSLEML conts. pahind i atid PePELERARLS Tt gl 20T o

the eleCtroméhereto. In this embodiment, the fan coil units are
divided into two groups which are connected in
independent fluid circuits. A £first group consists of
three fan coils units (FCU1l, FCU3 and FCUS5), and a second
group consists of two fan coil units (FCU2 and FCU4). For
each circuit, the components of the condensing unit
comprise a compressor having an inlet (11 or 12)
receiving hot gas from its associated group of fan coil
units, and an outlet (13 or 14) coupled to the condensing
coil (15 or 16) of a condenser. The two condensing coils
(15,16) of the respective refrigerant circuits are
conveniently located in the same metallic cooling
strucﬁure and served by a common air fan (not shown).
The outlet (17 or 18) of each condensing coil is coupled
via primary (19) and secondary (20) expansion elements,
consisting here of capillary tube, to respective fluid
lines (21 to 23 or 24,25) for supplying the 1liquid
refrigerant to the fan coil units of the group. Each
of the liquid refrigerant lines (21 to 25) includes a
normally-open solenoid valve (LSA to LSE) arranged to
permit or arrest the flow of refrigerant to its
associated fan coil unit according to whether or not

cooling is required by that unit.

As an additional feature, each compressor includes the

previously mentioned hot gas feedback device. This



control; Figure 4 is a diagramshow ng the inputs and outputs of a

control logic; and Figure 5 is a logic table. Referring to the

drawi ngs, Figure 1 shows the basic conponents of t he refrigerant
circuit of an air-conditioning systemaccording to an enbodi nent of
the invention. The systemconprises a plurality of indoor cooling units,
known in the art as fan coil units. 1In this enbodinent, there are five
fan coil units (FCUL to FCU5). Each-%an coil unit includes a cooling
element in the formof a coiled pipe and a fan for directing air to be

cool ed to pass over the coil. In operation, liquid refrigerant
enters the coil, tﬂgé)rates and energes as_a gas, the air blown or drawn
by the fan pr‘}ﬁ/‘{"cﬁ%gcq 1588 R FRMAUE RGPHHAT G SHPAIH IS TR s s
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I nvention, tr@&tw&ﬁltﬂgto@gpﬁyréﬁfrt eescr{ﬂLB? of the compressor (COMP1l
or COMP2), and a normally-closed solenoid valve (BS1l or
BS2) for controlling the flow of hot gas through the

conduit.

All of the electrically-powered components of the system,
that is to say the liquid refrigerant control wvalves, the
hot gas feedback device control valves, the compressors,
the condenser fan and the indoor unit fans, are
controlled from a single electronic control circuit board
housed in the condensing unit. The control circuit
generates outputs for controlling the operation of each
of those components according to a logic function and
based on input signals supplied from the fan coil units.
Each input signal determines whether or not cooling is

required of the fan coil unit in question.

Figure 2 shows the electrical circuit diagram of the
system. A terminal block (32) on the control circuit
board (31) of the condensing unit supplies power to the
fan of each fan coil unit when a switch on the unit is
operated by the user. The fan runs continuously until the
unit is switched off. A demand for cooling at each unit
is determined by the state of this switch and of the

internal thermostat of the unit. When cocling is



The system further conprises an outdoor condensing unit, which control s

the flow of refrigerant through each of - 6-
the fan coil units and converts the hot gas enmerging from the fan coils
back into liquid refrigerant for resupply thereto. In this enbodinent,

the fan coil units are divided into two groups which are connected
i n independent fluid circuits. A firsB-group consists of three fan coils
units (FCUl, FCU3 and FCU5), and a second group consists of two fan coi

units (FCU2 and FCU4). For each circuit, the conmponents of the condensing
unit conprise a, conpressor, haviqg an inlet, _(11 or 12) receiving
hot gas from¥edubsedciBredRirsp Wlkage cotyPPrlifd s tandhd dirtlet 43 or

14) coupled to the condensin coil (15 o of ondenser. The, t
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condensing coijfei §oeURRA of the logic circuitry (33) on the board
| (31) . The logical processing of the input signals causes
the generation of the required control signals for the
liquid line valves (LSA to LSE), the compressors (COMP1,
COMP2), the hot gas bypass valves (BS1l, BS2) and the
compressor fan. These control signals are converted to
mains voltage by respective relays (not shown in Figure
2) which are conveniently also mounted on the circuit
board (33). Thus, the circuit board has a plurality of
output terminals (34 to 43) for supplying mains voltage,
as required, to the fan motor (44) and the solenoid coils
of the flow valves (LSA to LSE, BSl1l, BS2). In the case of
the compressors, the output terminals (34,35) supply
mains to the drive coils of respective power reiays

(PR1, PR2) in view of the much higher power rating of the

compressor motors.

Figure 3 is a block diagram illustrating the components
on the control circuit board (31). The mains voltage
control signals (S1 to S5) are converted to low voltage
digital signals in an opto-isolator (51). The digital
signals are, in turn, input to the control circuitry
(52), which is suitably constructed of transistor logic.

The design of the 1logic circuit for performing the



via primary (19) and secondary (20) expansion elenments, consisting here of
capillary tube, to respective fluid lines (21 to 23 or 24,25) for
supplying the Iliquid refrigerant to the fan coil units of the group.
Each of the liquid refrigerant lines (21 to 25) includes a normally-open
solenoid valve (LSAto LSE) arranged to permt or arrest the flow of
refrigerant to Its associated fan coil unit according to whether or
not cooling is required by that unit-9- As an additional feature, each
conpressor includes the previously nentioned hot gas feedback device.
Thi s -7- devi ce conprises a conduit

i ncl udi ng an expansi on el enent (27 or 26), consisting here of capillary
tube, connectEACHEPRBeAesREibad erpint he WAFRLTIthScCOBREEERSS: YTTOVPL

or COWP2), and a nornallg closed, sol enoid val ve (BS1 or
e person killed in the art, and so need not be further

elaborated. Finally, following the logical processing,
the output, low voltage digital control signals are
converted back to mains level in a bank of relays (53),
‘for supplying the required mains voltage control signals

at the output terminals (34 to 43) of the board (31).

Figure 4 is a diagram illustrating the logical
relationship between the input and output control
signals. This diagram is best read in conjunction with
the logic table of Figure 5. In the logic table, "O" in
relation to any of the input signals (S1-S5) from the fan
coil units indicates that is there is no demand for
cooling, either because the unit is switched off or due
to the temperature being already below that preset by the
thermostat. On the other hand, "1" in relation to any of
the input signals (S1-S5) indicates a demand for cooling
due the unit being switched on and the temperature being
above the preset level. Turning now to the liquid line
valve control signals (LSA-LSE) and the hot gas bypass
valve control signals (BS1l, BS2), for these "OFF" means
the valve is in its unenergized state, that is open in
the case of the liquid line valves and closed in the case
of the bypass line valves. Similarly, "ON" means the

valve is in its energized state, that is, closed in the



BS2) for controlling the flow of hot gas through the conduit. Al of
the electrically-powered conponents of the system that is to say the
liquid refrigerant control valves, the hot gas feedback device control

val ves,

f ans,

are

the conpressors, the condenser fan and the indoor unit

controlled froma single electronic control circuit board

housed in the condensing unit. The com®el circuit generates outputs f
controlling the operation of each of those conponents according to a |
function and based on input signals supplied fromthe fan coil units.
Each input signal determ nes whether or not cooljing is ,required of the fan
coil unit in €888tPénthe FHid dinfoXelves ANEiTRMR| 1B LE§ tCF2gPEM of

t he

system
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meanings of the motor operating and switched off,

respectively.

In operation, the compressor is switched on in response
to one or more of the indoor units of its group providing
cooling. The condenser fan motor, which in this
embodiment is shared by the two condensing coils, is
switched on whenever codling is being provided by any one
or more of the indoor units. The liquid line solenoid
valves are operated so as to be off (open) when cooling
is required by the associated indoor unit or the system

is unpowered, but otherwise on (closed).

The state of each hot gas bypass valve depends on the
number of indoor units in ité group which are providing
cooling at any one time. When only one indoor unit of the
group is operating, the compressor will be overcapacity,
so the bypass valve is switched on (open) thereby feeding
back a portion of the hot gas to the compressor input to
effectively increase its load. In this embodiment, the
operation of two only of the three indoor units of the

first group satisfactorily loads the compressor (COMP1),

or
ogi c

f
en a

of



required, the mains voltage supplied to the unit is returned to a signal
termnal (S1 to S5) of the termnal block. The states of these five signa
termnals control the operation of the logic circuitry (33) on the board
(31). The logical processing of the input signals causes the generation of
the required control signals for the -1i-quid line valves (LSAto LSE), the
conpressors (COW1l, COW2), the hot gas bypass val ves (BSl, BS2) and the
conpressor fae thedskypass ralet giB8k as Weydurmwed ofhaigleosadt &rr by
respective relays (not shown in Figure 2) which are conveniently also
nmount ed on t ROEMAk CPMPHRISRr (GBPratrhes, Naediepseute Bednd thes RyRASF al ity
of output terminals (34 to 43) for supglying mai ns vol tage, . as required,
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the first, and second, groups respectively.

An embodiment of the invention has been described in
detail for the purposes of illustration only, and the
skilled person will realise that many modifications are
possible without departing £rom the scope of the
invéntion. In particular, the actual number of indocor fan
coil units is not critical to the principles of the
invention. Equally it is not essential to divide the
system into two or more parallel refrigerant circuits.
However, the use of two such circuits is preferable in
the case of, say, a four, five or six unit system, where
the use of two compressors will normally result in lower
running costs than having one compressor of a capacity
suitable for handling simultaneous operation of all the
indoor units. The liquid lines valves may be located at
any convenient point on the fluid lines, including within

the fan coil units.

A modification of the described embodiment provides a
condensing unit for serving six fan coil units. In this
modification, there are two refrigerant circuits and
associated control which are each the same as those of
the first group of three fan coil units in the described

embodiment .



(PR1, PR2) in view of the much higher power rating of the conpressor

not or s. Figure 3 is a block dlagran1lllustrat|ng t he conponents on the
control circuit board (31). The mains voltage Iﬂl“ﬂl“g“ﬁ”ﬂl!ﬁﬂj“lto S5)
are converted to |low voltage digitalsignals i n 51). The
digital signals are, in turn, input to the control C|rCU|try (52), which
is suitably constructed of transistor logic. The design of the logic
circuit for performing the Claimg -9 -

functions described herein is within the conpetence of A the person skilled
inthe art, ahd sdAn%%HdﬁBFlBE P@#Fhé@r(ﬁ%&ﬁﬁﬁiﬁendFFﬁSHF?gf%ﬁﬁQﬁan t he
| ogi cal processin outpu e digital co nals are
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a compressor arranged for receiving gas refrigerant
from said cooling units;

a condenser for condensing the gas refrigerant
compressed by the compressor into liquid refrigerant;

a plurality of fluid lines for selectively supplying
the liquid refrigerant to respective ones of said cooling
units;

each fluid line having a respective first valve means
for controlling the supply of liquid refrigerant to its
associated cooling unit; and

electronic logic control means, responsive to input
signals received from said cooling units, for controlling
the operation of each first valve means;

wherein each said first wvalve means is adapted to
provide open fluid communication through its associated
fluid line when the first valve means is in an unenergized

state.

2. A condensing unit according to claim 1, further
comprising means for feeding back a portion of the gas
output by the compressor to the input of the compressor when
the number of associated cooling units providing cooling is

less than a predetermined number.



at the output termnals (34 to 43) of the board (31). " Figure —4---is

diagram illustrating the | ogi cal relatlonshlpUI nput
and out put control signals. This diagramis be l" mnb mct i on
with the logic table of Figure 5. I413$he logic tabl®, €0 | selation to
any of the input signals (S1-S5) fromthe fan coil units |nd|cates that is
there is no demand for cooling, either because the unit is swtched off
or due to the tenperature being already bel ow that preset by the

t hermost at. Gh. t hé® otbrdengiag 'uit ragepadiog tte alabn 24 hwhiexain si gnal s

(S1-S5) indicates a demand for cooling due the unjt beln%'smntched on and
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line valve control i_gn LSA- LSE) and th hot bypass _val ve control
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electronic logic control means.:

4. A condensing unit according to claim 3, wherein
the second valve means is adapted to prevent gas flow
through the conduit when the second valve means is in an

unenergized state.

5. A condensing unit according to claim 4, wherein

the second valve means is a normally-closed solenoid valve.

6. A condensing unit according to any one of claims 2
to 5, wherein said number of cooling units associated with

the compressor is two and said predetermined number is two.

7. A condensing unit according to any one of claims 2
to 5, wherein said number of cooling units associated with
the compressor is three and said predetermined number is

two.

8. A condensing unit according to any one of the
preceding claims, wherein the first valve means is a

normally-open solenoid valve.



-10- case of the liquid li.ne valves and open in e of thé bypass
i ne val ves. For the conpressor control signals (&Wﬂ%ﬂﬁ"lﬂﬂ”ﬂm’ t door
(condenser) fan notor control signal (OFM, "ON' amrd ¢ "g

| ogical neanings of the notor ofe¥ating and swtched  off, *
respectively. In operation, the conpressor is switched on in response

to one or nore of the indoor units of its group providing cooling. The
condenser fd&h nohoeondendichg upit aw¢erdimgodi ereanyi Puhapéd the two

condensing coils, is switched on whenever cooling is _being_provided by any
one or RERECRInghelphiger wienelin waRld iRAnER}+Re Q6| EANid lid8fesi%ire

operated.so, as.to be off (open) when cooling is required by the associated
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state of _each hot s b ss valv epends .an the nunher. of indo units
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for each group of cooling units.

10. A condensing unit according to claim 9, wherein

the number of said groups is two.

11. A condensing unit according to claim 10, wherein
the number of cooling units is five, divided into a first
group having three cooling units and a second group having

two cooling units.

12. A condensing unit according to claim 10, wherein
the number of cooling units is six, divided into two groups

each having three cooling units.

13. A condensing unit according to any one of claims 9
to 12, wherein a respective said condenser is provided for

each group of cooling units.

14. A condensing unit according to claim 13, wherein

the condensers share a common air fan.

15. A condensing unit according to any one of the
preceding claims, wherein said electronic logic control

means comprises transistor logic circuitry.



cooling at any one tine. Wien only one indoor unit

operating, the conpressor will be overcapacity, Hj‘"& @ﬂ eis
switched on (open) thereby feeding back a portion o the
conpressor input to effectively incyEmse its load. In thIS enmbodi ment ,
operation of two only of the three indoor units of the first group
satisfactorily | oads the conpressor (COW1), so the bypass val ve
(BS1) is then turned off (closed) for nornmal conpressor operation.

Needl ess to sk, thechpdesesingl vaits atcordioged ahanyt mareonfrddr is
fully | oaded by the operation of all three, or both, indoor units of the
first, dMEeSEEsRd, Grims. rEBE&@ﬁrvéHmPrlsAﬁgem%?d?ﬁre?}‘t’roﬁuﬂﬁ’éylm&nt i on
has been fescrjbed in detail for t urposes of illustration only, and
the skifteUTETIbPIWET FRaFiee? Yfdi fications are possible

w thout departing from the scope of the invention. In particular,

t he actual nunber of indoor fan

17. An air conditioning system comprising a condensing
unit according to any one of the preceding claims and a
pPlurality of cooling units coupled to the condensing unit,
each cooling unit including a cooling element through which
refrigerant may pass and means for generating a said input

signal for the electronic logic control means.

18. An air conditioning system comprising a plurality
of liquid refrigerant supply lines, a normally-open valve
associated with each supply line, and an electronic control

means for controlling the state of each valve.



coil units is not critical to the principles of the invention. Equally it
Is not essential to divide the systeminto two or nore parall el
refrigerant circuits. However, the use of two such circuits is preferable
in the case of, say, a four, five or six unit system where the use of
two conpressors will normally result-i¢-1ower running costs than having
one conpressor of a capacity suitable for handling sinultaneous operation
of all the indoor units. The |iquilsbistarwts val ves may be | ocated at any
conveni ent point on the fluid lines, including wwthin the fan coil units.
A nodi fication of the descAibeGondibdpring Fretemes a condensing unit for
serving six fan coil units, In this nodification, there are two

refrigerantARi rdtk t CHMLERING ot BB Mt r FOMPHIHNGF ¢ Afeh (EAQR as

t hose of the first, groug,of three fan coil units in_the descri bed
enbodi nent .condensing unit serving a pluralify;pgf individually

operable indoor cooling units (FCU1-5). The condensing
unit includes a 1logic control circuit (33) for
controlling the flow of liquid refrigerant to the fan
coils of the cooling units according to the demand for
cooling. The system employs normally-open solenoid valves
(LSA-LSE) whereby, when the power to the .system is
interrupted, whether deliberately or unintentionally, the
fluid path advantageously remains open to permit pressure
equalization before the system is restarted.
Additionally, the compressor (COMP1l,COMP2) is fitted with
a hot gas feedback device (27,BS1;26,BS2). When the
number of cooling units in use at any time is too low for
the capacity of the compressor, liquid refrigerant is
prevented from reaching the compressor by feeding a
portion of the hot gas output by the compressor to the
input thereof so as Eo effectively increase the load of

the compressor.

Fig. 1



1. A condensing unit for an air conditioning system having a plurality of
individually controllable cooling units, the condensing unit conprising:
a conpressor arranged for receiving gas refrigerant from said cooling

units; . a condenser for condensing the gas refrigerant conpressed by
the conpressor into Ijquid refrlger9 t; a plurality of fluid lines for
selectively supplying the liquid ré rlgerant to respective ones of said
coolifng wunits; egetr—ord—trme—tavrmg-aTesppct i ve first val ve neans
for controlling the supgly of liquid refrigerant tojits associated cooling
uni t; and electrorlcmloglc control neangguresaon5|ve to i nput
signal s received fronlsc|d3c00h+ng anits, éfor trplling the operatlon of
each first val ve neans; ver efPn ea@h sai irpt valve neans is
adapted to provide open fEuid=gonnﬁn|cd§ nt ébug1 its associated fluid
line when the first val e geangis &n an:znen g%zej state. 2. A
condensi ng unit accordirng o cha|n1g er 5 npfi sing neans for feeding
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out put by the conpressor to the input of the conpressor when the nunber of
associated'qooling units providing cooling is |ess than a predeterm ned
nunber . : 3. A condensing unit according to claim?2, wherein
t he feedi,ng back neans conprises a conduit which connects the output of
the conpressor to the input thereof, the conduit having a second val ve
means for controlling the gas flow thr&d&gh the conduit in response to a
signal fromthe electronic logic control neans. 4. A condensing
unit according to claim3, wherein the second valve neans is adapted to
pr event gas flow thrgugh the conduit when the second valve neans is in an

. POWER SUPPLY - ——
unener gi B L e . 9. A condensing unit according to claim4,
wher ei n @3vheH-swgone-idtve—neans is a normal | y-cl osed sol enoi d val ve.
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6. A condensing unit according to any one of clains 2 to 5, wherein said
nunmber of cooling units associated with the conpressor is two and said

pr edet er mi ned nunber is two. 7. A condensing unit according to any
‘one'of clains 2 to 5, wherein said nunmber of cooling units associated with
t he conpressor is three and sai d predeterm ned nunber is two. 8.
A condensing unit according to an?léne of the preceding clains, wherein
thhe first valve neans is a nornmally-open sol enoid val ve. 9.
A condensi ng uni tf accor g to anyygne of t precedi ng cl ai ns, wherein
said plurality off fluiduixes iy HiXi ded #nto oups for coupling to
respective groufds A qodl i Ifrs, | a 1feSpective said conpressor is
provi ded for éﬁqh gropp. af cool ngy units. v~ o
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10. A,condenising unit according to claim9, wherein the nunber of said
groups is two. 11. A condensing unit according to claim-10, wherein
t hg nunber of cooling units is five, divided into a first group having
three cooling units and a second group having two cooling units.

12. A condensing unit according to claim 10, wherein the nunber of cooling
units is six, divided into two groups each having three cooling units.

13. A condensing unit according to agy one of claims 9 to 12, wherein a
respective said condenser is provided for each group of cooling units.

14. A condensing unit according to claim 13, wherein the condensers share
a common air fan. 15. A condensing unit according to any one of the
precedi ng clains, wherein said electronic |ogic control means conprises
transistor logic circuitry.
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-15 - 16. A condensing unit according to any one of the preceding
clai'-ns, further conprising neans for supplying electrical power to the
cooling units. 17. An air conditioning system conprising a condensing
unit according to any one of the preceding clains and a plurality of
cooling units coupled to the condensgg unit, each cooling unit including
a cooling elenent through which refrigerant may pass and neans for
generating a_said input signal for the electronic logic conirol peans.
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