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(54)  Air-conditioning system for rooms

(57)  The present invention relates to an air-condi-
tioning system for rooms comprising a cooling module
(2) associated to a heating system (8), a plurality of fan-
convectors (F1,...,Fn) acting as both as heating and
cooling terminals, a single hydraulic circuit (5,7) leading
a fluid to said plurality of fan-convectors (F1,...,Fn), said
cooling module (2) being equipped with a first inlet tube
(B) and a first outlet tube (A), said heating system (8)
being equipped with a second inlet tube (D) and a sec-

ond outlet tube (F), said single hydraulic circuit (5,7)
comprising an intake tube (5) and a return tube (7). Said
system comprises a three-way switching valve (V1)
whose central outlet is connected to said intake tube (5)
of said single hydraulic circuit (5,7), an inlet is connected
to said second outlet tube (F) of said heating system (8),
and an inlet is connected to said first outlet tube (A) of
said cooling module (2), said return tube (7) of said hy-
draulic circuit (5,7) being connected to said second inlet
tube (D) and to said first inlet tube (B).
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Description

[0001] The present invention refers to an air-condi-
tioning system for rooms according to the precharacter-
izing portion of claim 1.

[0002] In order to improve the healthiness of the hu-
man body the air of a room within a house should have
particular features, for instance an hygrometric degree
of 50% to 60%. As a matter of fact, in such conditions
the human body can adjust its own temperature through
condensing and dissipating mechanisms.

[0003] In order to meet such requirements within a
house, i.e. to have pleasant environmental conditions,
that is to feel warm in winter and cool in summer, two
separate independent hydraulic circuits for heating and
cooling are necessary, in the first of which hot water and
in the second one cold water circulates.

[0004] In order to heat or cool the house it is therefore
necessary to have a boiler and a cooling unit, each of
which is equipped with its own electric and hydraulic
supply and with its own control system.

[0005] The house should be heated during winter in
all the rooms it is made up of, whereas it should be
cooled during summer only in some rooms, i.e. those
which are used more frequently, leaving aside for in-
stance the bathroom and the kitchen. This requires quite
different operating features in both systems concerning
capacity, pump flow rate, pressure drop during water
supply and so on.

[0006] In order to overcome this disadvantage sys-
tems have been developed which can ensure heat and/
or cold using the same hydraulic circuit. Indeed, this type
of systems is associated with a cooling unit, which works
during summer in order to circulate within the common
hydraulic circuit cold water bypassing the boiler, and
during winter the cooling unit is bypassed so that hot
water can flow within said hydraulic circuit.

[0007] For instance Patents US 2,121,625, US
2,984,460, US 3,425,485, US 3,906,742, US 4,798,240
and DE 2,140,018 describe central heating and cooling
installations comprising a plurality of heat exchangers,
each of which being arranged in a room of the various
houses. In particular, said heat exchangers are connect-
ed to a single boiler and to a single cooling device.
[0008] In recent years manufacturers of heating and
cooling systems for block of flats or small detached
houses have introduced integrated or monobloc sys-
tems in which a single system gathers up the functions
of cooler and boiler using a single unit equipped with
exchangers.

[0009] Such type of systems disadvantageously has
a high thermal inertia, which can occur within an air-con-
ditioning system.

[0010] The solution suggested by said manufacturers
in order to overcome such drawback was to use a sys-
tem comprising a boiler circulating heating water
through the heat exchanging units placed in the rooms
to be heated by means of a hydraulic circuit, a cooling
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module associated to said boiler and an inertial reservoir
(also known as storage reservoir).

[0011] This inertial reservoir acts as reserve of cooled
water allowing to increase the system capacity and to
obtain a longer life for cooling machines due to a smaller
number of starts of said machines.

[0012] The introduction of the storage reservoir there-
fore enables a higher flexibility due to the possibility of
operating also at temperatures slightly differing from de-
sign temperature, and above all enables a great oper-
ating economy due to the possibility of installing ma-
chines with reduced power.

[0013] Therefore, when in air-conditioning systems
the problem of a low thermal inertia arises, it is sufficient
to place an inertial reservoir between the cooling group
and the system. This type of reservoir thus allows to in-
crease the water content of the whole system ensuring
a longer interval between the stop of the compressor
and a subsequent start, thus highly reducing the number
of starts and improving the life and performance of said
compressor.

[0014] However, since the monobloc unit is bulky,
cumbersome and noisy, it should almost always be ar-
ranged outside the house to be conditioned, so that dur-
ing summer the removed heat is not dispersed within
the room itself.

[0015] This however results in that during winter, in
order to avoid the freezing of the water contained within
the storage reservaoir, particular contrivances should be
used in order to prevent possibly destructive damages
to the system due to the increase of water volume.
[0016] One of the most frequently used solutions pro-
vides that the storage reservoir is equipped with a water
inlet/outlet valve, i.e. with a valve allowing the reservoir
to be completely emptied before winter and with a valve
allowing said reservoir to be refilled before summer.
[0017] This results in long and boring filling/emptying
operations of the reservoir to be absolutely carried out
to prevent the system from being damaged. However,
said solution does not protect the heating and cooling
system in case the user forgets to carry out said opera-
tions.

[0018] Another solution to prevent water contained in
the inertial reservoir from freezing consists in using elec-
tric heaters, which keep water within the reservoir liquid,
thus ensuring that the heating and cooling system can-
not be damaged due to the user's carelessness or to a
very cold weather.

[0019] Electric heaters are for instance electric resis-
tors that in order to carry out their function must absorb
electric energy and turn it into heat. Obviously, such a
contrivance results in that part of the advantages ob-
tained with a storage reservoir are erased by the dissi-
pation of energy necessary to supply said electric resis-
tors. The dissipation of electric energy will be higher the
greater the reservoir volume and the colder winter
weather is.

[0020] In the light of the described state of the art, the
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present invention aims at carrying out an air-condition-
ing system for external use without the disadvantages
of prior art.

[0021] A further aim of the present invention is to sup-
ply an integrated heating and cooling unit that requires
the least possible maintenance by the user.

[0022] According to the present invention said aim is
achieved by means of an air-conditioning system for
rooms according to claim 1.

[0023] Thanks to the present invention it is possible
to carry out an air-conditioning system that is more effi-
cient and therefore environmentally friendlier than sys-
tems of prior art.

[0024] Moreover, itis possible to carry out an air-con-
ditioning unit that does not require maintenance opera-
tion during season shifts.

[0025] The characteristics and the advantages of the
present invention will be evident from the following de-
tailed description of one of its practical embodiments,
shown as a mere non-limiting example in the enclosed
drawings, in which:

Figure 1 shows schematically a preferred embodi-
ment of the air-conditioning system according to the
present invention;

Figure 2 shows schematically a layout of a compo-
nentof Figure 1, in particular a layout of a gas boiler;
Figure 3 shows schematically a first operating con-
figuration during summer of the air-conditioning
system of Figure 1;

Figure 4 shows schematically a second operating
configuration during winter of the air-conditioning
system of Figure 1.

[0026] Figure 1 shows schematically an embodiment
of the present invention consisting of a block 1 compris-
ing a cooling circuit 2, a control unit 3 and a storage res-
ervoir 4, a heating system 8 associated to said block 1
and a plurality of fan-convectors F1, ..., Fn.

[0027] The block 1 and the heating system 8 thereto
associated constitute the monobloc system that inte-
grates all components for heating/conditioning the
house.

[0028] As can be noted from the diagram in Figure 1,
the cooling circuit 2 is connected by means of a connec-
tion pipe A to a three-way switching valve V1, the latter
being able to connect said cooling circuit 2 to a plurality
of fan-convectors F1, ..., Fn by means of a intake pipe 5.
[0029] Said cooling circuit 2 is further connected by
means of a connection pipe B to a circulation pump P1;
said circulation pump P1 takes water to circulate in the
cooling system 2 from the storage reservoir 4 by means
of a connection pipe C.

[0030] Said storage reservoir4 is connected inits turn
to a plurality of fan-convectors F1, ..., Fn by means of a
return pipe 7.

[0031] Furthermore, as can be inferred from the dia-
gram of Figure 1, the storage reservoir 4 has in common
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with said plurality of fan-convectors F1, ..., Fn the con-
nection to the heating system 8, which takes place by
means of a connection pipe D.

[0032] Therefore, the connection pipe D is the exten-
sion of the return tube 7 of the fan-convectors F1, ..., Fn.
[0033] The control of the cooling circuit 2, of the fan-
convectors F1, ..., Fn as well as of the heating system
8 is in charge of the electronic control unit 3, said control
unit 3 being able to control all devices by means of a
plurality of electric connections 9 in a per se known way.
[0034] By analyzing in further detail what is included
within the cooling circuit 2, the latter consists of a com-
pressor 10, of a capacitor 11, of a lamination element
12 (or capillary) and of an evaporator 13, each of said
components being connected to the other by means of
connection pipes E.

[0035] The compressor 10 is the core of the cooling
circuit 2 and its function is to compress a cooling fluid,
for instance freon or halogenated fluids, and to bring it
to high pressure by heating it.

[0036] In the present invention, for instance, a rotary
compressor is used, whose great advantage with re-
spect to traditional compressors is the absence of alter-
nating movements and therefore of vibrations, thus en-
suring silence and absence of vibrations to the user's
immediate comfort.

[0037] Downstream from the compressor 10 an ex-
changer 14 is connected, on which a fan 15 is axially
placed.

[0038] Said exchangers 14 are finned-tube exchang-
ers and consist for instance of tubes made of scored
copper or of stainless steel. The fins of the exchangers
(not shown in Figure 1) can be made for instance of alu-
minum, copper or aluminum treated for environments
with aggressive agents.

[0039] At the outlet of the exchangers 14 the cooling
fluid, which is liquid, gets through the lamination element
12.

[0040] The lamination element 12 (also known as
capillary) enables, as is well known, the expansion of
the fluid and further allows to adjust the flow rate of said
fluid.

[0041] Said lamination element 12 consists for in-
stance of a copper tube with a length of 1-2 meters,
wound on itself and having a diameter of some tenths
of millimeter.

[0042] It should also be noted that the lamination el-
ement 12 is preceded by a dehydrating filter 12a and is
followed by a silencer 12b. The function of the dehydrat-
ing filter 12ais to eliminate water residues from the cool-
ing fluid, thus ensuring the compressor 10 a longer life,
whereas the function of the silencer 12b, which can be
for instance an absorption or resonance silencer, is to
soften noises made by the cooling circuit 2 as a whole.
[0043] The passage of the cooling fluid through the
tube constituting the lamination element 12 results in a
pressure reduction, without allowing a heat exchange
with outside. The cooling fluid is therefore brought to an
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evaporation temperature, which is far lower that room
temperature.

[0044] The cooling fluid gets through the evaporator
13, which is carried out for instance using the technolo-
gy, well known to a technician skilled in the art, of ex-
changers with welded-brazed plates.

[0045] The evaporator 13 is structurally the same as
the capacitor 11 but has an exactly symmetrical function
with respect to the latter; here the cooling liquid changes
in opposite direction, i.e. shifts from liquid to vapor by
absorbing heat from the environment.

[0046] Therefore, the cooling fluid overheated at a
high pressure gets from the compressor to the capacitor,
then starts giving heat to the colder room air getting
through it, i.e. at first temperature sinks due to the dis-
charge of sensitive heat, until the state of saturated va-
poris reached, i.e. constant pressure P and temperature
T. This stage is followed by the condensing of the fluid,
i.e. the state shift, from vapor to saturated liquid by
means of the plate evaporator 13.

[0047] To summarize, the working of the cooling cir-
cuit 2 provides that the compressor 10 compresses the
cooling fluid (here as gas) at low temperature and pres-
sure, for instance T = +7°C and P = 5 bar, and brings
said cooling fluid, always as gas, to high temperature
and pressure, for instance T = 100°C, P = 16 bar.
[0048] From now on the cooling fluid is sent to the ca-
pacitor 14 by means of the connection pipe E, which is
also for instance made of copper, and within said device
take place first the cooling, for instance up to about T =
40°C, and then the state shift from gas to liquid, with the
consequent heating of outside air.

[0049] During this stage the latent heat of condensa-
tion is given to a colder outside fluid, i.e. air in our case.
[0050] After the capacitor 14 the cooling fluid, now lig-
uid, though always at high pressure, gets through the
lamination element 12, which as already described is a
capillary, thus turning from high pressure, for instance
P =16 bar, to low pressure, for instance P = 5 bar, though
always liquid.

[0051] The cooling fluid, now liquid, at low pressure
and low temperature, for instance P = 5 barand T =
+7°C, gets out of the condensing unit and is led to the
evaporator 13 through connection pipes.

[0052] Within the evaporator 13 evaporation at low
pressure and low temperature takes place, i.e. little be-
low P =5 barand T = +7°C, so that the cooling fluid
shifts from vapor to liquid, boiling and absorbing heat.
Thus the fluid with which it is put in contact through the
walls of the evaporator 13 cools down, i.e. the air of the
room, which is thus cooled.

[0053] The cooling fluid must turn completely into gas
within this evaporator and then, by getting through the
connection pipes in the opposite direction, gets back to
the compressor 10.

[0054] It should further be noted that the cooling cir-
cuit described above from the static and dynamic point
of view can also comprise other devices so as to work
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as a heat pump.

[0055] In this case the lamination element 12 con-
sists, as is well known to a technician in the field, of a
capillary for cold operation, an additional capillary for
heat pump operation and a unidirectional bypass valve.
A four-way valve for cycle inversion and a storage res-
ervoir for cooling liquid should also be present.

[0056] The cooling circuit 2, as already described, is
connected to the fan-convectors F1, ..., Fn through the
three-way switching (or mixing) valve V1 by means of
the intake pipe 5.

[0057] The valve V1 is equipped with an electric motor
(not shown in Figure 1), and on the basis of the electric
signals sent by the electronic control unit 3 to said elec-
tric motor (which can be for instance an incremental mo-
tor) said three-way valve V1 can be opened/closed.
[0058] This can be obtained thanks to the shifting of
a shutter (not shown in Figure 1), so as to create a sort
of narrowing of the fluid pipes with subsequent distribu-
tion of water flows in the intake pipes.

[0059] The valve V1 therefore allows the fluid connec-
tion through the intake pipe 5 to the fan-convectors
F1, ..., Fn acting as heating/cooling terminals whose ra-
diant kit will be supplied according to the present inven-
tion with hot water during winter and with cooled water
during summer.

[0060] These fan-convectors F1, ..., Fn generate a
forced air flow by means of the fan 16 they are equipped
with, which flow involves the whole room generating an
active air circulation, preventing the formation of stag-
nant areas and stratifications and keeping a pleasant
and uniform air movement.

[0061] Each fan-convectorF1, ..., Fnis equipped with
athermostat (not shown in Figure 1) so as to adjust tem-
perature and with a speed variator for the fans 16 allow-
ing to choose the speed of thermal adjustment for the
room.

[0062] Thus this type of installation allows the user to
control the air-conditioning wholly independently for
each room, though it is a centralized system.

[0063] The three-way switching valve V1 is also con-
nected, as already described, to the connection tube D
acting as return tube of the heating system 8.

[0064] The heating system 8 can be for instance an
independent gas boiler or a centralized installation or a
district heating system (not shown in Figure 1).

[0065] Figure 2 shows the layout of a gas boiler com-
prising an inner hydraulic circuit including a heat ex-
changer 17, a series of burners 18 supplied by a tube
19 in which a throttle valve 20 is arranged, a circulation
pump 21, a hot water heater 22 for domestic hot water
getting into the tube 23 and out of the tube 24 through
the tap 25, an expansion vessel 26, a three-way valve
27 and a throttle valve 28 to bypass the boiler during
summer.

[0066] The boiler 8 comprises also the connection
pipe D acting as intake tube and the connection pipe E
acting as return tube for the connection to the cooling
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circuit 2.

[0067] The three-way valve 27 is controlled by a trans-
ducer 29 fitted into the outlet tube 24 of the hot water
heater 22. This transducer 29 automatically switches
the three-way valve 27 so as to put in communication
hot water getting out of the heat exchanger 17 with the
hot water heater 22 whenever the tap 25 is opened for
supplying hot water for domestic use.

[0068] Examining now Figures 3 and 4, which show
schematically a first and second operating configura-
tion, during summer and during winter respectively, of
the air-conditioning system of Figure 1 according to the
present invention, it can be advantageously noted that
the central branch of the three-way switching valve V1
is always connected to the inlet or intake branch 5 of the
fan-convectors F1, ..., Fn.

[0069] As amatter of fact, referring in particular to Fig-
ure 3, i.e. to the working of the installation of Figure 1
during summer, the working of the air-conditioning sys-
tem provides that the throttle valve 28 is closed and that
the cooling circuit 2 is operated by the control unit 3 so
as to circulate the cooling fluid within the heat exchanger
in said cooling circuit 2.

[0070] The three-way valve V1 is switched by the con-
trol unit 3, i.e. by the electronic control unit, so as to con-
nect the connection tube A of the cooling circuit 2, more
precisely the outlet tube of the evaporator 13, to the fan-
convectors F1, ..., Fn through the intake tube 5.

[0071] Simultaneously, the control unit 3 actuates the
pump P1 so that water coming back from the fan-con-
vectors F1, ..., Fn gets through the evaporator 13 of the
cooling circuit 2 and then reaches the finned-tube ex-
changer 14. The refrigerated water is stored in the stor-
age reservoir 4 before reaching the batteries of the fan-
convectors F1, ..., Fn.

[0072] In other words, the storage unit 4 acts in this
first operating configuration as storage unit for cold wa-
ter getting out through the connection pipe B in the evap-
orator 13 to enter into the intake pipe 5 of the fan-con-
vectors F1, .., Fn.

[0073] Cold water, after getting through the fan-con-
vectors F1, ..., Fn, is led back through the return pipe 7
into the storage reservoir 4 so as to be recirculated
through the evaporator 13 by means of the pump P1.
[0074] Since the fans 16 of the fan-convectors F1, ...,
Fn can be operated separately by the control unit 3, it is
possible to cool during summer either all rooms in the
house or only the rooms chosen by the user.

[0075] Forinstanceitis possible to cool during the day
only the living-room by operating the fan 16 of the fan-
convector placed in the living-room, and during the night
only the bedroom by operating the fan 16 of the fan-
convector placed in the bedroom, while cold water is cir-
culated in all fan-convectors F1, ..., Fn.

[0076] Obviously, the cooling circuit 2 includes, as is
well known to a technician in the field, all safety devices,
not shown in Figures 1-4, that are required by the reg-
ulations on accident prevention.
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[0077] Referring now to Figure 4, i.e. to the working
of the installation of Figure 1 during winter, it should be
noted that water coming back from the fan-convectors
F1, ..., Fn through the return pipe 7 is deviated by the
three-way valve V1 so as to reach the boiler 8 through
the connection tube C.

[0078] The boiler 8 allows to heat the rooms of each
detached house or block of flats since water within the
hydraulic circuit leading to the fan-convectors F1, ..., Fn
(i.e. intake tube 5) is circulated by the pump 21 within
the boiler 8.

[0079] Hot water can thus circulate in the fan-convec-
tors F1, ..., Fn and therefore heats the rooms of the
house, whereas the cooling circuit 2 according to the
present invention is bypassed by means of the three-
way valve V1.

[0080] As a matter of fact, the control unit 3 does not
switch on the pump 1 and the cooling circuit 2.

[0081] Advantageously, in this second operating con-
figuration the storage reservoir 4 does not act any more
as cold water storage unit but as thermal inertia for water
contained within the evaporator 13.

[0082] As a matter of fact, should water heated by the
boiler 8 reach directly the evaporator 13, the cooling fluid
therein contained would reach extremely high pressures
that are not compatible with the characteristics of me-
chanical and thermal resistances of said evaporator 13.
[0083] Since the cooling unit, i.e. the block 1 compris-
ing the cooling circuit 2, the control unit 3 and the storage
reservoir 4, is placed outside the house, no problem
arises involving the freezing of the connection tubes dur-
ing winter, because the latter do not contain water but a
cooling fluid that does not freeze.

[0084] As far as the storage reservoir 4 is concerned,
the latter does not freeze during winter because hot wa-
ter coming back from the fan-convectors F1, ..., Fn
heats by convection the content of said reservoir 4 pre-
venting its freezing.

[0085] This can take place since water coming back
from the fan-convectors F1, ..., Fn is at a temperature
of about T = 60°C, and by exploiting the configuration
of the new hydraulic circuit it is possible by means of the
convective effect, convection being a phenomenon in-
volving typically fluids by means of macroscopic sub-
stance transport, to heat water contained in the storage
reservoir 4 without using auxiliary solutions and/or de-
vices.

[0086] Thus, hot water within the return tube 5 of the
fan-convectors F1, ..., Fn by convection can keep water
contained in the storage reservoir 4 liquid (i.e. prevents
its freezing) also during winter.

[0087] Thanks to the present invention it is possible
to obtain a storage reservoir 4 without inlet/outlet tap
and/or electric heaters, thus carrying out an air-condi-
tioning system that is more efficient and therefore envi-
ronmentally friendlier than installations of prior art, and
further carrying out an air-conditioning system that does
not require maintenance operating during season shifts.
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Claims

1. Air-conditioning system for rooms comprising a
cooling module (2) associated to a heating system
(8), a plurality of fan-convectors (F1, ..., Fn) acting %
as both heating and cooling terminals, a single hy-
draulic circuit (5, 7) leading a fluid to said plurality
of fan-convectors (F1, ..., Fn), said cooling module
(2) being equipped with a first inlet tube (B) and a
first outlet tube (A), said heating system (8) being 70
equipped with a second inlet tube (D) and a second
outlet tube (F), said single hydraulic circuit (5, 7)
comprising an intake tube (5) and a return tube (7),
said air-conditioning system further comprising a
storage reservoir (4) and a circulation pump (P1), 15
said storage reservoir (4) being connected on one
hand to said return tube (7) of said single hydraulic
circuit (5, 7) and on the other to said circulation
pump (P1), said circulation pump (P1) being con-
nected to said first inlet pipe (B), characterized in 20
that said cooling module (2) comprises a three-way
switching valve (V1) whose central outlet is con-
nected to said intake tube (5) of said single hydrau-
lic circuit (5, 7), an inlet is connected to said second
outlet tube (F) of said heating system (8), and an 25
inlet is connected to said first outlet tube (A) of said
cooling module (2), said return tube (7) of said hy-
draulic circuit (5, 7) being connected to said second
inlet tube (D) and to said first inlet tube (B), so that
said three-way switching valve (V1) connects said 30
plurality of fan-convectors (F1, ..., Fn) both during
cooling and during heating operating mode.

2. Air-conditioning system for rooms according to
claim 1, characterized in that it further comprises 3%
a control unit (3) controlling said three-way switch-
ing valve (V1), said cooling module (2) and said fan-
convectors (F1, ..., Fn).

3. Air-conditioning system for rooms according to 40
claim 1, characterized in that said cooling module
(2) comprises a compressor (10), a capacitor (11),
a lamination element (12) and an evaporator (13),
each of said components being connected to the
other by means of connection tubes (E). 45

4. Air-conditioning system for rooms according to any
of the preceding claims, characterized in that said
control unit (3) controls the working of said com-
pressor (10), of said plurality of fan-convectors 50
(F1, ..., Fn), of said three-way switching valve (V1),
of said circulation pump (P1) and of said heating
system (8).

5. Air-conditioning system for rooms according to any 55
of the preceding claims, characterized in that said
heating system (8) is an independent boiler or a
centralized installation or a district heating system.
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