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(54) DE-ICING SYSTEM FOR HEAT PUMP REFRIGERATION MACHINES

(57)  Ade-icing system (10) for heat pump refrigera-
tion machines, comprising, in a circuit (11) through which
a refrigerating fluid flows, a first heat exchanger (12) and
a second heat exchanger (13), a compressor (14) on a
branch of said circuit (11) between the two heat exchang-
ers (12, 13), at least one expansion valve (15, 16) on the
other branch between the two heat exchangers (12, 13)
and a four-way valve (18), for reversing the direction of

the flow of the refrigerating fluid; the de-icing system (10)
also comprises means (19) for migrating the refrigerating
fluid from a point downstream of the second heat ex-
changer (13), when it acts as a condenser, to a point
upstream of the first heat exchanger (12), when it acts
as an evaporator, bypassing a first expansion valve (15)
suitable for the heating cycle.
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Description

[0001] The presentinvention relates to a de-icing sys-
tem for heat pump refrigeration machines.

[0002] Asis known, heat pump refrigeration machines
mainly comprise an evaporation unit and a condensing
unit, at which they absorb and release heat, acompressor
on a branch between the evaporator and the condenser
and an expansion valve on the other branch between the
evaporator and the condenser.

[0003] Depending on the requirements, they are able
to operate both in heating mode and in cooling mode by
reversing the operating cycle.

[0004] As is known, when they work in heating mode,
ice forms on the evaporator due to the presence of mois-
ture in the external air and a reduction in heat exchange
efficiency consequently occurs due to the insulation of
the ice.

[0005] Since the frost that forms cannot be drained, it
in fact accumulates progressively in the evaporator until
it blocks it completely.

[0006] This phenomenon causes a decrease in the
performance of the machine to the point of compromising
its reliability.

[0007] Inordertosolve this drawback, these machines
are capable of reversing the thermodynamic cycle within
a time interval, causing de-icing.

[0008] Currently, the de-icing cycle is performed typi-
cally by virtue of a four-way valve, which allows to reverse
the operating mode of the machine from heat pump to
climate control unit or refrigerator and vice versa. The
four-way valve is installed between the evaporator and
the compressor in the heating mode or between the com-
pressor and the condenser in the cooling mode and, by
means of the reversal of the direction of flow at two of its
four ends, it reverses the functionality of the exchangers,
both atthe beginning and at the end of the de-icing cycle,
converting the evaporator into a condenser in order to
allow de-icing. Since the dissipation heat accumulates
inside it, any frost that has accumulated is in fact melted.
To perform reversal, the four-way valve swaps the deliv-
ery branch with the intake branch.

[0009] This solution is not free from drawbacks.
[0010] When reversal occurs, the refrigerating fluid of
the machine that is in the high-pressure branch down-
stream of the compressor is connected to the low-pres-
sure branch upstream of the compressor, where it mi-
grates due to the pressure differential, flushing the com-
pressor completely. In this manner, the refrigerating fluid
dilutes the oil thatis contained in the compressor, causing
its migration.

[0011] The compressor is therefore forced to work, for
a certain period of time, without lubrication.

[0012] Another drawback resides in that the four-way
valve, by instantly connecting the high-pressure branch
of the refrigeration circuit to the intake of the compressor,
provides an equalization of the pressures starting from
a pressure differential of even 30 bar. This equalization
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is particularly noisy and subjects the piping of the refrig-
eration system to particularly intense stresses, generat-
ing vibrations that can lead to rupture of the pipes or in
any case require constructive solutions.

[0013] Since the de-icing cycle, in the winter period, is
performed up to twice every hour, it is evident that these
drawbacks are not negligible.

[0014] The aim of the presentinvention is to provide a
de-icing system for heat pump refrigeration machines by
virtue of which the drawbacks described above are ob-
viated.

[0015] Within this aim, an object of the invention is to
provide a de-icing system for heat pump refrigeration ma-
chines that renders the machine reliable for longer times
than machines of the known type that are subject to the
described drawbacks.

[0016] This aim, as well as these and other objects that
will become better apparent hereinafter, are achieved by
a de-icing system for heat pump refrigeration machines,
comprising, in a circuit through which a refrigerating fluid
flows, afirst heat exchanger and a second heat exchang-
er, acompressor on a branch of said circuit between said
two heat exchangers, at least one expansion valve on
the other branch between said two heat exchangers and
a four-way valve, for reversing the direction of the flow
of the refrigerating fluid, characterized in that it also com-
prises means for migrating the refrigerating fluid from a
point downstream of said second heat exchanger, when
it acts as a condenser, to a point upstream of said first
heat exchanger, when it acts as an evaporator, bypass-
ing a first expansion valve suitable for the heating cycle.
[0017] Further characteristics and advantages of the
invention will become better apparent from the descrip-
tion of a preferred but not exclusive embodiment of the
de-icing system according to the invention, illustrated by
way of non-limiting example in the accompanying draw-
ings, wherein:

Figure 1 is a view of a de-icing system according to
the invention in the heating mode;
Figure 2 is a view of a de-icing system according to
the invention in the cooling mode.

[0018] With reference to the figures, the de-icing sys-
tem, according to the invention is designated generally
by the reference numeral 10.

[0019] The de-icingsystem 10is installed in a machine
of a known type and comprises, in a circuit 11 through
which a refrigerating fluid flows, a first heat exchanger
12 (with which a fan is associated) and a second heat
exchanger 13, a compressor 14 on one branch of the
circuit 11 between the two heat exchangers 12 and 13
and at least one expansion valve on the other branch
between the two exchangers 12 and 13. In this case there
are two valves, which will be referenced hereinafter in
the description as first expansion valve 15, for the winter
heating cycle, and as second expansion valve 16, for the
summer cooling cycle.
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[0020] The system comprises conveniently also a lig-
uid receiver 17, which is adapted to accumulate the ex-
cess refrigerating fluid in the operation that requires the
lowest amount of charge, i.e., winter operation, and a
four-way valve 18 for reversal of the flow of the refriger-
ating fluid.

[0021] The de-icing system 10 comprises advanta-
geously, within the circuit 11, means 19 for the migration
of the refrigerating fluid from a point downstream of the
second heat exchanger 13, when it acts as a condenser,
to a point upstream of the first heat exchanger 12, when
it acts as an evaporator, bypassing the first expansion
valve 15 suitable for the heating cycle. These means will
be referenced hereinafter as first refrigerating fluid mi-
gration means 19 and are activated in the heating mode
of the machine.

[0022] The de-icing system 10 also comprises advan-
tageously other means 20 for the migration of the refrig-
erating fluid from a point downstream of the first heat
exchanger 12, when it acts as a condenser, to a point
upstream of the second heat exchanger 13, when it acts
as an evaporator, bypassing the second expansion valve
16 suitable for the cooling cycle. These means will be
referenced hereinafter as second refrigerating fluid mi-
gration means 20 and are activated in the cooling mode
of the machine.

[0023] In particular, as shown, the first refrigerating flu-
id migration means 19 comprise a first solenoid valve 21
and a first one-way valve 22, which are installed on a first
circuit branch 23 comprised substantially between the
second heat exchanger 13 and the first heat exchanger
12.

[0024] The second refrigerating fluid migration means
20 comprise a second solenoid valve 24 and a second
one-way valve 25, which are installed on a second circuit
branch 26 comprised substantially between the first heat
exchanger 12 and the second heat exchanger 13.
[0025] Thecircuit11isalso conveniently provided with
a manifold 27 for the liquid refrigerating fluid in output
from the second heat exchanger 13, i.e., the condenser,
in the summer mode, in order to bypass the first expan-
sion valve 15. A one-way valve (not shown) is conven-
iently present along the branch 28 that extends from the
manifold 27.

[0026] The operation of the de-icing system according
to the invention is as follows.

[0027] When an adapted control system, during the
operation of the machine in the heating mode, deter-
mines the need to perform the de-icing cycle, the com-
pressor 14 is stopped, the four-way valve 18 is left in the
current position and the first solenoid valve 21 is ener-
gized.

[0028] Figure 1 shows the operation of the circuit dur-
ing the heating mode, and the path of the fluid during this
mode, in the normal heating cycle and before the de-icing
cycle (with the compressor 14 motionless), is visible by
virtue of the indication of the arrows.

[0029] By virtue of the difference in pressure that oc-
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curs across the first solenoid valve 21, therefore across
thefirstcircuitbranch 23, by bypassing the firstexpansion
valve 15 that is normally crossed in the winter cycle when
the compressor 14 is in operation, the valve 21 allows
the refrigerating fluid to migrate from the high-pressure
side, downstream of the second heat exchanger 13, the
condenser, and the liquid receiver 17, to the low-pressure
side, upstream of the first heat exchanger 12, the evap-
orator. The first one-way valve 22 prevents the bleeding
of refrigerating fluid through the first solenoid valve 21
when the pressure differential across it is negative, i.e.,
when the downstream pressure is higher than the up-
stream pressure.

[0030] The migration of refrigerating fluid progressively
causes the equalization of the pressures in the refriger-
ation circuit.

[0031] At this point the four-way valve 18 is reversed
without any stress and emission of sound.

[0032] Then the compressor 14 is restarted and the
actual de-icing cycle begins.

[0033] Figure 2 shows the operation of the circuit dur-
ing the cooling mode, and shows, by virtue of the indica-
tion of the arrows, the path of the fluid during this mode,
in the de-icing cycle and at the end thereof (with the com-
pressor 14 motionless).

[0034] With reference to such figure, the functionality
of the heatexchangers 12 and 13isreversed with respect
to the preceding situation, causing the first heat exchang-
er 12 to act as a summer condenser. In this matter, since
the dissipation heat accumulates therein, the accumulat-
ed frost is melted.

[0035] Atthe end of the de-icing cycle the compressor
14 is stopped again, the four-way valve 18 is left in its
current position and the second solenoid valve 24 is en-
ergized.

[0036] By virtue of the difference in pressure that is
present across the second solenoid valve 24, therefore
across the second circuit branch 26, bypassing the sec-
ond expansion valve 16 normally crossed in the summer
cycle and in the de-icing cycle when the compressor 14
is in operation, the valve 24 allows the refrigerating fluid
to migrate from the high-pressure side, downstream of
the first heat exchanger 12, the condenser in this step,
to the low-pressure side, upstream of the second heat
exchanger 13, the evaporator in this step. The second
one-way valve 25 prevents the bleeding of refrigerating
fluid through the second solenoid valve 24 when the pres-
sure differential acrossitis negative, i.e., when the down-
stream pressure is higher than the upstream pressure.
[0037] This migration of refrigerating fluid progressive-
ly causes the equalization of the pressures in the refrig-
eration circuit.

[0038] At this point the four-way valve 18 is reversed
without any stress and noise emission.

[0039] The compressor 14 is then restarted and the
machine can resume its regular operation.

[0040] In the described operations, substantially the
refrigerating fluid is transferred, before the actual reversal
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of the valve, in the region of the refrigeration circuit to
which it will be assigned after the two reversals of the
four-way valve, equalizing the pressures progressively
without any type of mechanical stress and freeing the
operation for reversal of the four-way valve from any
stress on the compressor.

[0041] Furthermore, the de-icing cycle can be faster,
since the refrigerating fluid is migrated directly into the
part to which it will be assigned during the de-icing cycle,
without being transferred by means of the compressor.
Since itis already warm, it contributes already in this step
to the de-icing of the frost that has accumulated in the
exchanger, utilizing fully the heat capacity of the refrig-
erating fluid.

[0042] The equalization of the pressures allows to re-
duce drastically the returns of liquid refrigerant into the
housing of the compressor, avoiding subjecting the latter
to operations with reduced or no lubrication, safeguard-
ing its operation and reliability.

[0043] Furthermore, again by virtue of the equalization
of the pressures, during the reversal no noise is emitted,
since the pipes are not stressed and therefore are not
subjected to vibrations, extending significantly the life of
the system and simplifying its production.

[0044] In practice it has been found that the invention
achieves the intended aim and objects, providing a de-
icing system that is capable of making the machine reli-
able for longer times than machines of the known type,
substantially improving the operating conditions of the
compressor and avoiding stresses on the pipes.

[0045] The invention thus conceived is susceptible of
numerous modifications and variations, all of which are
within the appended claims; all the details may further-
more be replaced with other technically equivalent ele-
ments.

[0046] In practice, the materials used, so long as they
are compatible with the specific use, as well as the con-
tingent shapes and dimensions, may be any according
to the requirements and the state of the art.

[0047] Thedisclosuresin ltalian Patent Application No.
102015000045966 (UB2015A003199) from which this
application claims priority are incorporated herein by ref-
erence.

[0048] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. A de-icing system for heat pump refrigeration ma-
chines, comprising, in a circuit (11) through which a
refrigerating fluid flows, a first heat exchanger (12)
and a second heat exchanger (13), a compressor
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(14) on a branch of said circuit (11) between said
two heat exchangers (12, 13), atleast one expansion
valve (15, 16) on the other branch between said two
heat exchangers (12, 13) and a four-way valve (18),
for reversing the direction of the flow of the refriger-
ating fluid, said de-icing system (10) being charac-
terized in that it also comprises means (19) for mi-
grating the refrigerating fluid from a point down-
stream of said second heat exchanger (13), when it
acts as a condenser, to a point upstream of said first
heat exchanger (12), when it acts as an evaporator,
bypassing a first expansion valve (15) suitable for
the heating cycle.

The de-icing system according to claim 1, charac-
terized in that it comprises other means for migrat-
ing the refrigerating fluid (20) from a point down-
stream of said first heat exchanger (12), when it acts
as a condenser, to a point upstream of said second
heat exchanger (13), when it acts as an evaporator,
bypassing a second expansion valve (16) suitable
for the cooling cycle.

The de-icing system according to claim 1, charac-
terized in that said refrigerating fluid migration
means (19) comprise a first solenoid valve (21) and
a first one-way valve (22), which are installed on a
first circuit branch (23) comprised substantially be-
tween said second heat exchanger (13) and said first
heat exchanger (12).

The de-icing system according to claim 1, charac-
terized in that said other refrigerating fluid migration
means (20) comprise a second solenoid valve (24)
and a second one-way valve (25), which are installed
on a second circuit branch (26) comprised substan-
tially between said first heat exchanger (12) and said
second heat exchanger (13).
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