EP 2 479 518 A2

Patent Office

desrevers (11) EP 2 479 518 A2

(1 9) ’ o Hllml” m” H“‘ Hll‘ ‘l“l Hl‘l ”’ll ‘”H |‘|H |H‘| |H|‘ |”’| ‘|H| Hll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.
25.07.2012 Bulletin 2012/30 F25B 6/02 (2006.01) F25B 7/00 (2006.01)
F25B 29/00 (2006.01)

(21) Application number: 12152197.5

(22) Date of filing: 23.01.2012

(84) Designated Contracting States: (71) Applicant: Rivacold S.r.I.
AL AT BEBG CH CY CZDE DK EE ES FI FR GB 61020 Sant’Angelo in Lizzola (PU) (IT)
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR (72) Inventor: Vitri, Giuseppe
Designated Extension States: 1-61020 SANT’ANGELO IN LIZZOLA (PU) (IT)
BA ME

(74) Representative: Negrini, Elena
(30) Priority: 24.01.2011 1T BO20110022 Agazzani & Associati S.r.l.
Via dell’Angelo Custode 11/6
40141 Bologna (IT)

(54)  Multi-user refrigeration plant

(57) A multi-user refrigeration plant comprises por-
tions (2, 3, 44) assigned to serve at least two different
type of users selected among first normal cooling users
TN, second environmental conditioning users AC and
third cooling users BT. The multi-user refrigeration plant
(1) is equipped with at least a first compressors set (4)
whose outlet are mutually interconnected (8), and it (1)
is also equipped with at least switch means first (11) and
second (12), a condenser means (5), a liquid receiver
means (9), a plurality of valve means and a plurality of
connecting means wherein said elements and means co-
operate to compose the circuit of the plant for the in it
circulating cooling fluid state change. Said first user plant
portion (2) includes a first evaporator means (6), said
second user plant portion (3) includes a heat exchanger
(7), said third user plant portion (44) includes a evapo-
rator means (42), this latter (42) is connected to the re-
maining part of the circuit by means of a second cooling
stage (40). Said plant (1) comprises a balancing means
(13), controlled by control means that controls also the
switch means (11, 12), and it comprises a fluid flow reg-
ulation valve (35) interconnected between a bleed con-
nector connected immediately downstream of the outlet
interconnection (8) of the compressor set (4) and a mixing
means (15) inlet and it comprises a controlled expanding
valve (36) interposed between a receivers means (9) out-
let and an additional mixing means (15) inlet having an
outlet (32) connected at the compressor set (4) common
suction inlet (17).
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Description

[0001] The present invention refers to the field con-
cerning the cooling and the environmental conditioning
and in particular it refers to a multi-user refrigeration plant
able to ensure simultaneously respective and different
temperature levels for two or three users, for example
maintaining them at normal cooling temperature (TN) in-
dicatively between -10°C and +5°C, low-temperature
(BT) indicatively between -40°C and -15°C and at envi-
ronmental conditioning temperature (AC) suitable for
commercial environments and indicatively between
+10°C and +30°C.

[0002] There are known systems able to supply differ-
ent cooling or conditionings to respective users. Such
known systems consist of many refrigeration plants as
the users with different needs.

[0003] A disadvantage of these known systems con-
sists in the fact that they are not very efficient and con-
sume high energetic.

[0004] Another disadvantage consists in that they are
very cumbersome and require therefore a lot of expen-
sive surface.

[0005] Further disadvantage of the known systems
consists in that they comprise a very big quantity of ex-
pensive components and are very complex requiring a
lot of expensive maintenance.

[0006] An aim of the present invention is to propose a
multi-user refrigeration plant provided with a single or
double sets of compressors and able to serve independ-
ently more users.

[0007] Another aim is to propose a plant economical
to be bought, to be conducted and to be maintained.
[0008] Further aim is to propose a relatively simple
plant and provided with a small quantity of components
for a better reliability.

[0009] Another aim is to propose a plant of reduced
encumbrance.

[0010] Normally, itis quite easy to warm aroom or user
using the heat brought to the condenser of a known run-
ning cooling system. It is more complicate to obtain heat
when the system is operating at a preset controlled tem-
perature or it doesn’t refrigerate.

[0011] A particularity of the multi-user refrigeration
plant of the present invention consists in that it is possible
to obtain heat, for example to heat commercial environ-
ments, also without request for refrigeration by the users
such as refrigerated shop windows and frigorific cells.
[0012] The multi-user refrigeration plant object of the
present invention is able to supply heat or refrigeration
independently from the requests of the users TN and BT;
therefore, for three different users, the plant works ex-
actly as three independent plants without limit due to
bounds between the three cycles.

[0013] The characteristics of the invention are evi-
denced in the following with particular reference to the
joined drawings, in which:
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- figure 1 shows a schematic view of the multi-user
refrigeration plant object of the present invention;

- figure 2 shows a schematic view of the plant of figure
1 in which are evidenced the flows of the cooling fluid
in an inactivity condition of a first user plant portion
and during the heating operation of a second user
plant portion;

- figure 3 shows a schematic view of the plant of figure
1 in which are evidenced the flows of the cooling fluid
in an inactivity condition of a first user plant portion
and during the refrigeration operation of a second
user plant portion.

[0014] With reference to figures from 1 to 3, the nu-
meral 1 indicates the multi-user refrigeration plant, object
of the present invention, comprising at least:

- aplant portion 2 for a first user,

- aplant portion 3 for a second user,

- afirst compressors set 4 whose outlet 8 are mutually
interconnected and equipped with an afferent com-
mon inlet 17 to all the suctions inlets of these com-
pressors,

- first 11 and second 12 switch means,

- abalancing means 13,

- connections between the elements over mentioned
to feed them with a cooling fluid and including ducts
sets, liquid receivers means 9, valve means, con-
necting means, and at least a condenser means 5.

[0015] The plant can be equipped also with a plant
portion 44 for a third user. In the followed, by synthesis,
in place of the locution "nth user plant portion" can be
used the expression "nth user".

[0016] The plant also includes control means, prefer-
ably of microprocessor programmable type, linked to the
different controlled and/or remote operated valves,
means and other circuit elements, to control and/or to
drive them in a remote manner, carrying out the various
independent users operating conditions.

[0017] The first user plant portion 2 and the second
user plant portion 3 include respectively a first evaporator
means 6 and a heat exchanger 7 connected to said con-
nections and assigned to the adjustment of the temper-
atures of the respective users compartments or rooms.
[0018] The outlet 8 of the first compressors set 4 is
connected to a first inlet 20 of the first switch means 11
and, through a bleed connector and a bleed duct, to a
second incoming inlet 31 of the balancing means 13.
[0019] The first switch means 11 is further equipped
with a second inlet 21 connected to an outlet for the fluid
at the liquid state of the receivers means 9, with a first
outlet 22 connected to an inlet of the heat exchanger 7
of the second user plant portion 3 and with a second
outlet 23 connected to an inlet of the condenser means
5; the outlet of the latter condenser means 5 flows into
the receivers means 9.

[0020] The second switch means 12 is equipped with
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an inlet door 25 connected to the outlet of said heat ex-
changer 7, with a first outlet door 26 connected in the
inlet 17 of the compressors set 4 and with a second outlet
door 27 flowing into the receivers means 9.

[0021] The balancing means 13 includes a firstincom-
ing inlet 30 connected to the liquid state fluid outlet of the
receivers means 9, asecond incoming inlet 31 connected
through a bleed connector and duct to the outlet 8 of the
compressors set 4 and an outgoing outlet 32 connected
to the inlet 17 of the compressors set 4. Said incoming
inlets 30, 31 and said outgoing outlet 32 are mutually
connected through the three-way mixing means 15 of the
same balancing means.

[0022] The first user plant portion 2 is provided with
two doors 50, 51 or connections for the fluid. The first
door 50 of the first user plant portion 2 is directly con-
nected to the liquid state fluid outlet of the receiver means
9 and the second 51 is directly connected to the inlet 17
of the compressors set 4.

[0023] The first inlet 20 of the first switch means 11 is
connected, through a spool valve controlled by the con-
trol means and a check valve, to the first outlet 22 and
is connected through an adjusting valve controlled by
control means to the second outlet 23.

[0024] The second inlet 21 of the first switch means
11is connected to the first outlet 22 through a spool valve,
controlled by the control means, and an electronic ther-
mostatic valve and a check valve connected in series
between them.

[0025] The inlet door 25 of the second switch means
12 is connected, through an adjusting valve controlled
by the control means, to the first outlet door 26 and it is
also connected to the second outlet door 27. Down-
stream the second outlet door 27, into the feeding duct
flowing into the receivers means 9, a check valve pre-
cludes the flow when this inlet door 25 is in communica-
tion with the first outlet door 26.

[0026] The first incoming inlet 30 of the balancing
means 13 is connected through a spool valve controlled
by the control means and a controlled valve 36, of ther-
mostatic electronic type feedback controlled on the basis
of the temperature and pressure on the inlet 17 of the
compressors set 4, to the first inlet of the mixing means
15. The second incoming inlet 31 is connected, through
a regulation valve 35 operated by the pressure at the
inlet 17 of the compressors set 4, to the second inlet of
the mixing means 15 The outgoing outlet 32 of the bal-
ancing means 13 is directly connected to the outlet of the
mixing means 15 from which receives the fluid coming
from the receivers means 9 mixed with the fluid coming
from the bleed connector in the correct proportions to
reach the suitable physical state to supply the inlet 17 of
the compressors set 4, that is connected to said outlet
32 of the balancing means 13, at least during the second
user plant portion 3 heating operation.

This first switch means 11 components configuration is
actuated by the control means at least to connect the first
inlet 20 at least to the first outlet 22 and to close the
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second inlet 21 during the second user plant portion 3
heating operation, and to connect the first inlet 20 to the
second outlet 23 and the second inlet 21 to the first outlet
22 during the plant portion 3 for the second user refrig-
eration operation.

[0027] Said secondswitch means 12 components con-
figuration is actuated by the control means at least to
connect the inlet door 25 to the second outlet door 27
during the second user plant portion 3 heating operation
and to connect the inlet door 25 to the first outlet door 26
during the second user plant portion 3 refrigerating op-
eration. The first door 50 of the first user plant portion 2
is connected, through spool and electronic thermostatic
valves connected in series, to the inlet of the first evap-
orator means 6 of the first user plant portion 2; the second
door 51 of the first user plant portion 2 is directly con-
nected to the outlet of the first evaporator means 6.
[0028] Said first 50 and second 51 doors of the first
user plant portion 2 are also connected to first connec-
tions, in mutual flow communication, of an exchanger for
refrigerating fluids 41 of a second cooling stage 40, for
the low temperature, of the circuit.

[0029] The second connections of said exchanger for
refrigerating fluids 41 are mutually connected in flow
communication and they are separated by the first con-
nections, furthermore said second connections are part
of the cooling circuit of the plant portion 44 assigned to
serve the third user. The third user plant portion 44 fur-
thermore comprises at least a second evaporator means
42 and a second compressors set 43 of the second stage.
One of the second connections of the exchanger 41 for
refrigerating fluids receives a cooling fluid from the com-
mon outlet of the second compressors set 43 to which is
connected; the other second connection of the refriger-
ating fluids exchanger 41 is connected in series to a liquid
receiver means 45 and through the inlet and the outlet
of the evaporator 42 to the second compressors set 43
common outlet closing down the cooling circuit for the
third user plant portion 44.

[0030] Said second stage allows, for example, to re-
frigerate a cell or low-temperature environment of the
third user with very low consumption and very high effi-
ciency.

[0031] Inthe operation of the plant, in an inactivity con-
dition of the first user plant portion 2 to carry out the sec-
ond user plant portion 3 heating operation, said switch
means 11, 12 connect the outlet 8 of the compressors
set 4 in cascade to the second user plant portion 3 heat
exchanger 7, to the receivers means 9 and to the bal-
ancing means 13, which, through the mixing means 15
leads into the cold cooling fluid flow, coming from the
receivers means 9, a quantity of fluid immediately tapped
downstream of the outlet 8 of the compressors set 4
where said quantity is controlled to increase the enthalpy
of the fluid which, by the balancing means 13, is abducted
in the inlet 17 of the compressors set 4 in the correct
physical state for the compression; to carry out the sec-
ond user plant portion 3 refrigeration operation of the
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switch means 11, 12 connect the outlet 8 of the compres-
sors set 4 in cascade to said condenser means 5, receiv-
ers means 9, heat exchanger 7 of the second user plant
portion 3 and compressors set 4 suction inlet 17 wherein
the first user plant portion 2 operates at least in refriger-
ation or is inactive and the second user plant portion 3
operates at least in refrigeration or in heating independ-
ently from first user plant portion 2.

[0032] The operation of the plant including the third
user plant portion 44 is controlled and operated by the
control means by respective programs providing, in a
state of contemporary inactivity of the first 2 and third 44
user plant portions and of contemporary heating opera-
tion of the second user plant portion 3, that the first switch
means 11 connects the compressors set 4 outlet inter-
connection 8 to the heat exchanger 7 inlets of the second
user plant portion 3.

[0033] The cooling fluid coming from the compressors
set 4 produces the environmental heating wanted effect
releasing heat to the second user.

[0034] Inthe same condition, the second switch means
12 connects the second user plant portion 3 heat ex-
changer 7 outlet to the receiver means 9, moreover the
regulation valve 35 of the balancing means 13 connects
the bleed connectorimmediately connected downstream
of the compressors set 4 outlets interconnection 8 to the
corresponding mixing means 15 inlet feeding it with a
flow of predetermined fluid amount coming from the com-
pressors 4 outlet and the controlled expanding valve 36
connects the receivers means 9 outlet to the respective
mixing means 15 inlet feeding them with the expanded
fluid from the controlled expanding valve 36 and coming
from the receivers means 9.

[0035] In the same operative state, the mixing means
15 mix the predetermined fluid flow supplied by the reg-
ulation valve 35 with the expanded cooling fluid flow to
the controlled expanding valve 36 and supply this fluid
mixture to the compressors set 4 common suction inlet
17 at the correct physical state for the compression with-
out that this has carried out no thermal exchange with
the outside and therefore in absence of exchangers.
[0036] In the first user plant portion 2 and third user
plant portion 44 inactivity state and in the second user
plant portion 3 cooling operating, the first switch means
11 connects the compressors set 4 outlets interconnec-
tion 8 to said condenser means 5 and, in series, to a
receivers means 9 inlet and connected these receivers
means 9 outlet to the heat exchanger 7 inlet of the second
user plant portion 3 where the cooling fluid can produce
the wanted effect of environmental cooling absorbing
heat, and the second switch means 12 connects the heat
exchanger 7 outlet to the compressors set 4 suction com-
mon inlet 17.

[0037] In conditions wherein the plant portion 2 for the
first user and/or the plant portion 44 for the third user
operate in refrigeration or are inactive, the plant portion
3 for the second user operates in conditioning with heat-
ing effect or environmental cooling independently.
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[0038] Anadvantage of the presentinvention is to sup-
ply a very efficient multi-user refrigeration plant, able to
reduce necessary energetic consumption to supply dif-
ferent users respective cooling or conditioning value.
[0039] Other advantage consists in the supplying a
multi-user refrigeration plant having very small encum-
brances.

[0040] Further advantage is to provide a simple multi-
user refrigeration plant and with a relatively small number
of components and that either it is economical to acquire,
to conduct and to maintain.

[0041] Other advantage is to supply a refrigeration
plant suitable for two or three or more users.

Claims

1. Multi-user refrigeration plant comprising portions (2,
3, 44) assigned to serve at least two different type
of users selected among first normal cooling users
TN, second environmental conditioning users AC
and third cooling users BT; the multi-user refrigera-
tion plant (1) is equipped with at least a first com-
pressors set (4) whose outlet are mutually intercon-
nected (8), and it (1) is also equipped with at least
switch meansfirst (11) and second (12), a condenser
means (5), a liquid receiver means (9), a plurality of
valve means and a plurality of connecting means
wherein said elements and means cooperate to com-
pose the circuit of the plant for the in it circulating
cooling fluid state change; said first user plant portion
(2) includes afirst evaporator means (6), said second
user plant portion (3) includes a heat exchanger (7),
said third user plant portion (44) includes a evapo-
rator means (42), this latter (42) is connected to the
remaining part of the circuit by means of a second
cooling stage (40); said plant (1) being character-
ised in thatit comprises a balancing means (13),
controlled by control means that controls also the
switch means (11, 12), and it comprises a fluid flow
regulation valve (35) interconnected between a
bleed connector connected immediately down-
stream of the outlet interconnection (8) of the com-
pressor set (4) and a mixing means (15) inlet and it
comprises a controlled expanding valve (36) inter-
posed between a receivers means (9) outlet and an
additional mixing means (15) inlet having an outlet
(32) connected at the compressor set (4) common
suction inlet (17); in a contemporary inactivity state
of the first (2) and third (44) users plant portions and
an operating heating state of the second user plant
portion (3), the first switch means (11) connects the
compressors set (4) outlet interconnection (8) in the
heat exchanger (7) inlet of the second user plant
portion (3), wherein the cooling fluid produces the
environmental heating wanted effect releasing heat,
and the second switch means (12) connects the heat
exchanger (7) outlet of the second user plant portion
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(3) to the receiver means (9), the balancing means
(13) regulation valve (35) connects the bleed con-
nector connected immediately downstream the com-
pressors set (4) outlets interconnection (8) to the cor-
responding mixing means (15) inlet feeding them
with a predetermined fluid flow coming from the com-
pressors (4) outlet, the controlled expanding valve
(36) connects the receivers means (9) outlets to the
respective mixing means (15) inlet, feeding them
with the fluid expanded by the controlled expanding
valve (36) and coming from the receivers means (9),
such mixing means (15) mix the predetermined fluid
flow supplied by the regulation valve (35) with the
expanded cooling fluid flow coming from the control-
led expanding valve (36) and they supply this fluid
mixture to the common suction inlet (17) of the com-
pressors set (4) in the correct physical state for the
compression without that this has carried out no one
thermal exchange with the outside and therefore in
absence of exchangers; in the first (2) and third (44)
users plant portions inactivity state and cooling op-
erating second user plant portion (3), the first switch
means (11) connects the compressors set (4) outlets
interconnection (8) to said condenser means (5) and,
in series, to areceivers means (9) inlet and connects
these receivers means (9) outlet to the heat ex-
changer (7) inlet of the second user plant portion (3)
where the cooling fluid can produce the environmen-
tal cooling wanted effect by absorbing heat, and the
second switch means (12) connects the heat ex-
changer (7) outlet to the compressors set (4) suction
common inlets (17); in conditions wherein the first
user plant portion (2) and/or the third user plant por-
tion (44) operate in cooling or are inactive, the sec-
ond user plant portion (3) operates in conditioning
with heating effect or environmental cooling effect
independently.

Plant according to claim 1 characterised in that the
first switch means (11) is provided with a first inlet
(20) connected to the compressors set (4) outlets
interconnection (8), a second inlet (21) connected to
receivers means (9) liquid state fluid outlet, a first
outlet (22) connected to an heat exchanger (7) inlet
of the second user plant portion (3) and a second
outlet (23) connected to a condenser means (5) inlet;
said first switch means (11) is provided with ducts
and valves and/or regulators interconnected be-
tween said inlets (20, 21) and said outlets (22, 23)
and controlled at least to connect the first inlet (20)
atleast to the first outlet (22) and to close the second
inlet (21) during the second user plant portion (3)
heating operation, and controlled at least to connect
the first inlet (20) to the second outlet (23) and the
second inlet (21) to the first outlet (22) during the
second user plant portion (3) cooling operation; the
second switch means (12) is provided with an inlet
door (25) connected to the outlet of said heat ex-
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changer (7), with a first outlet door (26) connected
to the inlet (17) of the compressors set (4) and with
a second outlet door (27) flowing into the receiver
means (9); said second switch means (12) is provid-
ed with ducts and valves and/or regulators intercon-
nected among this inlet (25) and said outlets (26, 27)
said elements of the second switch means (12) are
controlled at least to connect this inlet door (25) to
the second outlet door (27) during the second user
plant portion (3) heating operation and to connect
the inlet door (25) to the first outlet door (26) during
the second user plant portion (3) cooling operation.

Plant according to claim 1 or according to claim 2
characterised in that the balancing means (13) in-
cludes a first incoming inlet (30) connected to the
outlet for the liquid state fluid of the receivers means
(9), a second incoming inlet (31) connected, by
means of bleed connector, to the compressors set
(4) outlets interconnection (8) and an outgoing outlet
(32) connected to the compressors set (4) inlet (17),
wherein said incoming inlets and outgoing outlets
are connected by means of the mixing means (15);
the balancing means (13) also includes a controlled
valve means, interposed between said firstincoming
inlet (30) and the respective mixing means (15) inlet
and opening controlled at least when the first user
plant portion (2) is in an inactive state at least during
the second user plant portion (3) heating operation.

Plant according to claim 3 characterised in that the
balancing means (13) comprises also at least a reg-
ulation valve (35) controlled by the inlet (17) pressure
of the compressors set (4) and placed along said
bleed connector between the second incoming inlet
(31) and the respective mixing means (15) inlet and
a controlled valve (36) feedback controlled on tem-
perature and pressure at the compressors set (4)
inlet (17) and on the energy amount required by the
second user plant portion (3); the controlled valve
(36) is interposed between the first incoming inlet
(30) and the respective mixing means (15) inlet.

Plant according to any of the previous claims char-
acterised in that the first evaporator means (6) inlet
of the first user plant portion (2) is connected to the
outlet for the fluid at the liquid state of the receivers
means (9) through a respective controlled valve for
the flow stop in the first evaporator means (6) at least
in said inactivity state, the first evaporator means (6)
outlet is connected to the compressors set (4) inlet
(17).

Plant according to claim 1 characterised in that the
third cooling user BT plant portion (44), comprising
the evaporator (42) and connection and control
means, is managed by the second cooling stage (40)
provided with a respective heat exchanger (41); this
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latter (41) is assigned to condense the second cool-
ing stage (40) cooling fluid by the evaporation of the
cooling fluid of the compressors set (4) circuit, said
second cooling stage (40) also includes a compres-
sors set (43) and a liquid receiver means (45).

Plant according to any of the previous claims char-
acterised in that said control means are preferably
microprocessor programmable type and they control
and drive the different controlled valve and controlled
means to carry out the independent users plant por-
tions operating states.
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