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(54) System and method for optimized defrosting

(57)  Device for defrosting evaporators of heat pumps
comprising at least a fluid-fluid heat exchanger (20) ex-
changing heat between two thermo-vector fluids, one
heated by the heat pump in the condenser (12), and one
circulating in a circuit where there are introduced at least
a circulation pump and and at least a gas-fluid heat ex-
changer (14) which at the fluid side is provided with two

independent circuits, of which one is dedicated to de-
frosting and is crossed by the thermo-vector fluid circu-
lating in said secondary circuit (26) and another where
the evaporation phase of the vapor compression cycle
occurs. The defrosting of the evaporation battery occurs
by conveying therein the whole or a portion of the heat
power of the heat pump, by means of the described cir-
cuit.
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Description

[0001] The present patent application for industrial in-
vention relates to a device and a method for optimized
defrosting to be applied for defrosting the outer heat ex-
changers of the heat pumps.

[0002] Inthe state of the art, there are known and com-
monly diffused in various applications machines operat-
ing vapor compression cycles, with different kinds of cool-
ant. The vapor compression cycles transfer heat from a
low temperature heat source to a higher temperature
heat source. In many cases, for example in the heating
systems for civil use, the low temperature heat source is
made up of ambient air, which gives heat to the fluid
operating the vapor compression cycle in a heat ex-
changer, which is generally of the finned type with fan.
By giving heat to the thermo-vector fluid, the air gets
colder and as a consequence, it increases the value of
the respective humidity of the same air at the heat ex-
changer. It is known as in some functioning conditions
the increase of the respective humidity of air at the heat
exchanger can lead to condensation of such humidity on
the heat exchange surfaces, and that the low surface
temperature of the heat exchanger is then firstly the
cause of hoarfrost formation and later of real ice layers.
The ice layers formation on the exchange surfaces is
disadvantageous in that the ice acts as insulating, and it
makes less efficient the heat exchange between the low
temperature source and the thermo-vector fluid operat-
ing the cycle, with a series of negative consequences on
the carrying out of the same cycle.

[0003] In the state of the art, there are known a series
of systems apt to face the problems caused by the hoar-
frost and ice formation. The systems known in the state
of the art consist of defrosting the heat exchange battery
of the outer unit by means of the inversion of the vapor
compression cycle, and their activation is controlled by
sensing the evaporation pressure.

[0004] Such systems are disadvantageous in that the
evaporation pressure inside the heat exchangers varies
significantly only after the formation of significant hoar-
frost or even ice layers, which require long defrosting
cycles with consequently clear energy consumption.
[0005] Object of the present invention is to provide a
device apt to defrost efficiently the evaporation batteries
of the outer units of the heat pumps without requiring the
inversion of the vapor compression cycle. According to
another object of the present invention, it is provided a
control logic able to sense the initial hoarfrost formation
and to actuate the defrosting device before the hoarfrost
formation is significant, thus obtaining the advantage of
considerably shortening the defrosting cycle time and of
avoiding off-design functioning conditions of the heat
pump caused by low heat exchange efficiency.

[0006] These and other advantages will be highlighted
by the following description, which refers to the appended
figures.
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Figure 1 shows an installation diagram of the device
according to the present invention;

Figure 2 shows a graph describing the functioning
conditions actuating the device according to the
present invention.

[0007] Asitis shown in figure 1, the device according
to the present invention can be introduced in any vapor
compression cycle functioning system. As a way of ex-
ample, it is shown introduced in a system comprising a
compressor (11), a heat exchanger (12) exchanging heat
with the user circuit where there are introduced a pump
(16) and an accumulation tank (17), a throttling valve (13)
and a heat exchanger (14), which according to the
present invention is provided with fan (15) exchanging
with ambient air. It is to be précised that in a system
operating a vapor compression cycle there is available
a series of devices useful for safely and reliably carrying
outthe cycle, as for example valves, tanks, and any other
component, which are not described in figure 1 for sim-
plicity and whose use is known in the state of the art.

[0008] Yet in figure 1, there are shown the elements
of the device according to the present invention. In par-
ticular, it is shown a heat exchanger (20) which exchang-
es heat between the thermo-vector fluid heated by the
heat exchanger (12) and a thermo-vector fluid which,
moved by the circulation pump (21) crosses a dedicated
rank (22) of the heat exchanger (14), where it heats the
surfaces of the heat exchanger covered with hoarfrost.
As a way of example, the thermo-vector fluid can be a
mixture of water and ethylene glycol or other fluid apt to
exchange heat between the condensation temperatures
and the cycle evaporation one. When the circulation
pump (21) is switched on, the whole or a portion of the
heat power provided by the heat pump to the user con-
nected to the heat exchanger (12) is given in the heat
exchanger (20) to the thermo-vector fluid which, moved
by the pump (21) crosses one or more dedicated ranks
(22) of the heat exchanger (14), heating its surfaces and
thus avoiding the hoarfrost and ice formation on the
same. The system functioning does not require the in-
version of the vapor compression cycle, and according
to the dimensioning of the heat exchanger (20) and to
the adjusting of the pump (21), it subtracts a greater or
lower heat fraction to the user. According to the embod-
iment shown in figure 1, the thermo-vector fluid in output
from the heat exchanger (12) crosses necessarily the
heat exchanger (20) before arriving in the accumulation
tank (17). Except for the initial passage, there is no ap-
preciable heatexchangeinthe heat exchanger (20) when
the circulation pump (21) of the defrosting circuit is off. It
is clear that any other circuit configuration connecting the
heat exchanger (12) to the heat exchanger (20) and to
the tank (17), apt to transfer, when needed, the heat pow-
er of the condenser (12) to the heat exchanger (20), is
in the protection scope of the present patent claims. The
heat exchanger (14) according to the present invention
is provided with a rank (22) which is crossed by the ther-
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mo-vector fluid moved by the pump (21). Any air-water
heat exchanger provided with two separated fluid circuits
at the fluid side, one for the coolant operating the vapor
compression cycle and one for a second thermo-vector
fluid needed for defrosting, is in the protection scope of
the present patent claims.

[0009] In figure 1 there are shown two temperature
probes (23) and (24) respectively measuring the outer
air temperature and the evaporation temperature of the
the fluid operating the vapor compression cycle. It was
showninfactthat the usage of the temperature difference
between the outer air and the evaporating fluid as a con-
trol variable is a more reliable and sensible index of the
possible hoarfrost formation than the evaporation pres-
sure and therefore allows to actuate the defrosting sys-
tem in conditions of initial hoarfrost formation, thus limit-
ing the defrosting cycle time and the heat energy quantity
to be used for the same defrosting. What is more impor-
tant is that in this way it is avoided the need for cycle
inversions, from heat pump to chiller.

[0010] The system for controlling the hoarfrost forma-
tion according to the present invention uses the temper-
atures sensed by the two temperature probes (23) and
(24) as input variables and it compares them with the
temperatures proven indicative by the experimental tests
of a functioning without hoarfrost on the evaporation bat-
tery, with probable hoarfrost formation or even sure ice
presence on the evaporation battery. This method is ef-
ficient in that it anticipates the formation of ice layers on
the battery, which are more difficult to be eliminated, by
actuating the defrosting cycle for short time intervals. It
is clear that this method for individuating the functioning
conditions which provide probable hoarfrost formation is
applicable also to heat pumps not provided with the de-
frosting circuit shown in figure 1 : in this case the sign of
probable hoarfrost presence on the heat exchange sur-
faces can be used to actuate a cycle inversion. As input
data, the method uses the evaporation and outer air tem-
perature values. In figure 2, itis shown a graph indicating
the air temperature value on the x-axis and the sensed
evaporation temperature value on the y-axis. On this
graph, the points (38) and (39) define the variability range
considered for the outer air temperature. Therefore, there
are individuated two points, (31) and (32) in figure 2, de-
fining, at the ends of such range, the minimum evapora-
tion temperature values (24) guaranteeing the optimal
system functioning, without hoarfrost on the heat ex-
change surfaces. These two points are united in the
graph with a straight line, above which it is defined the
optimal working area, indicated with (33) in figure 2.
[0011] For evaporation temperatures lower than the
ones indicated by the straight line uniting the points (31)
and (32), it increases the possible ice formation. In par-
ticular, infigure 2 itis shown an area of probable presence
of hoarfrost (34) and an area of sure presence of ice (35).
[0012] The individuation of the area of probable pres-
ence of hoarfrost (34) allows to carry out rapid defrosting
cycles such that the hoarfrost is eliminated before an ice
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layer is formed. In addition, by operating in this way it is
possible to define a probability value for the hoarfrost
presence, which results from the ratio between the dis-
tance of the indicative point of the operating conditions
inside the area (34) from the curve (40) and the distance
between the curve (41) and the curve (40) delimiting, as
said, the conditions of sure presence of ice and sure ab-
sence of hoarfrost. The probability value of the hoarfrost
presence thus determined can be therefore compared
with a tolerated value of the maximum probability of hoar-
frost formation before actuating the defrosting system. If
the probability sensed exceeds the tolerated maximum
probability, it is carried out a defrosting cycle of variable
duration, directly proportional to the calculated formation
probability of hoarfrost. The condition needed for the out-
put from the defrosting cycle is air and evaporation tem-
peratures reading which define a point of low probability
of hoarfrost, lower than a predefined value considered
sufficiently low to interrupt the defrosting cycle.

[0013] After carrying out the defrosting cycle, to avoid
the rapid re-start of the cycle, the tolerated maximum
probability value of hoarfrost formation before activating
the defrosting system s increased by for example a quan-
tity equal to 10%.

[0014] In the description of the method, there is no
mention to the outer air temperature values, which define
the points (31) and (32), since such values can vary as
a function of the kind of the heat exchanger used without
this leading to a variation in the sensing method of the
initial formation of hoarfrost. As a way of example and in
a not limiting way, it can be said that the average values
for defining the points (31) and (32) are - 20C and 7°C
for the outer air temperature corresponding to values
-25°C and -2°C for the evaporation temperature. For the
same reasons, it was not defined the dimension of the
areaindicated with (34) where there is probable hoarfrost
formation. As a way of example it can be said that the
distance between the two curves is between 5 and 10°C
and that this value can also be function of the outer air
temperature.

Claims

1. Device for defrosting evaporators of heat pumps
comprising at least a fluid-fluid heat exchanger (20),
exchanging heat between two thermo-vector fluids,
one circulating in a primary circuit (25) and heated
by the heat pump in the condenser (12), and one
circulating in a secondary circuit (26) where there
are introduced at least a circulating pump (21) and
at least a gas-fluid heat exchanger (14) character-
ized in that said gas-fluid heat exchanger (14) has
at the fluid side two independent circuit, of which one
is dedicated to defrosting (22) and is crossed by said
thermo-vector fluid circulating in said secondary cir-
cuit (26) and another where the evaporation phase
of the vapor compression cycle occurs, and in that
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when said circulation pump (21) moves said thermo-
vector fluid circulating in said secondary circuit (26)
in the heat exchanger (20), heat in given by the fluid
circulating in said primary circuit (25) to the fluid cir-
culating in said secondary circuit (26), and in that
by crossing said circuit (22) of said heat exchanger
(14) suchfluid heats its heat exchange surfaces, thus
preventing the formation of hoarfrost or dissolving
the possibly formed hoarfrost.

Method for defining the functioning conditions which
can lead to the hoarfrost or ice formation on the sur-
faces of the outer heat exchanger of a heat pump
based on sensing the evaporation temperature and
the outer air temperature, characterized by the fol-
lowing steps:

- defining the ends (38, 39) of outer air temper-
ature variability range inside which the method
has to be applied;

- defining, for the extreme temperatures (38, 39)
of said variability range of outer air temperature,
the minimum evaporation temperatures (31, 32)
guaranteeing the absence of hoarfrost on the
heat exchange surfaces and the maximum
evaporation temperatures (36, 37) under which
there is sure formation of ice on the exchange
surfaces;

- defining, for the permissible values of outer air
temperature, the curve (40) of the minimum val-
ues of the evaporation temperatures guarantee-
ing the absence of hoarfrost on the heat ex-
change surfaces, by means of interpolation be-
tween the values (31, 32) previously defined for
the considered range ends;

- defining, for the permissible values of outer air
temperature, the curve (41) of the maximum val-
ues of the evaporation temperature under which
there is sure formation of ice on the exchange
surfaces by means of interpolation between the
values (36, 37) defined for the considered range
ends;

- for the evaporation temperature values be-
tween the curve (41) of the maximum tempera-
tures under which there is sure formation of ice
and the curve (40) of the minimum temperatures
above which there is absence of hoarfrost, de-
fining the probability of calculated hoarfrost for-
mation as ratio between the difference between
said temperature guaranteeing the absence of
hoarfrost and the temperature considered, and
the difference between said temperature guar-
anteeing the absence of hoarfrost and said tem-
perature under which there is sure formation of
ice.

3. Application of the method according to claim 2 to the

use of the device according to claim 1, character-
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ized by the following steps:

- sensing the outer air temperature by means of
said temperature probe (23) and the evapora-
tion temperature by means of said temperature
probe (24);

- determining, in the temperature conditions
sensed, theice presence, the probable hoarfrost
presence or sure absence of hoarfrost on the
heatexchange surfaces by means of the method
according to claim 2;

- in case of sure presence of ice, activating a
defrosting cycle by means of the device accord-
ing to claim 1;

- in case of probable hoarfrost presence com-
paring the probability of calculated hoarfrost
presence by means of the method according to
claim 2 with the predefined value for the maxi-
mum probability of tolerable hoarfrost presence,
and activating a defrosting cycle by means of
the device according to claim 1 of duration pro-
portional to said calculated probability of hoar-
frost presence only if said calculated probability
of hoarfrost presence is greater than said pre-
defined value for the maximum tolerated prob-
ability of hoarfrost formation;

- increasing said predefined value for the max-
imum probability of tolerated hoarfrost formation
for a predefined time interval in order to avoid
the rapid re-start of the defrosting cycle at the
end of the same.

Method according to claim 2, characterized in that
said variability range of outer air temperature inside
which the method has to be applied is between-20°C
and 7°C and in that said evaporation minimum tem-
peratures (31, 32) guaranteeing the absence of hoar-
frost on the heat exchange surfaces at said extreme
temperatures of the variability range of the outer air
temperatures are respectively -25°C and -2°C.

Method according to claim 2, characterized in that
the difference between said minimum evaporation
temperatures (31, 32) guaranteeing the absence of
hoarfrost on the heat exchange surfaces and said
maximum evaporation temperatures (36, 37) under
which there is sure formation of ice on the exchange
surfaces is between 5°C and 10°C.
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