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(54) A METHOD FOR CONTROLLING THE FORMATION OF FROST IN COOLING UNITS OF 
REFRIGERATION SYSTEMS

(57) A method for controlling the formation of frost in
cooling units of refrigeration systems which comprise at
least one heat exchange battery (2) equipped with a fan
(3) and defrosting devices for the heat exchange surfac-
es, in which the defrosting cycle is automatically started
upon reaching predetermined threshold values of the air

flow rate at the fan (3), or of the air pressure in said cooling
unit (1). The method has the main advantage of auto-
matically determining the moment when it is necessary
to start the defrosting cycle, thus avoiding starting the
system in the absence of frost formation.



EP 3 879 211 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an improved
process for controlling the formation of frost in cooling
units of refrigeration systems.
[0002] The formation of frost on the heat exchange sur-
faces in contact with humid air of appliances intended for
refrigeration and air conditioning, including heat pumps,
air-evaporators and air-coolers with single-stage fluids,
hereinafter referred to for brevity as "evaporators" or "UR"
cooling units, causes progressive deterioration in the per-
formance of the appliances themselves, with adverse
consequences on the energy performance of the sys-
tems in which the appliances are installed.
[0003] To limit the adverse influence of frost it is cus-
tomary to provide for defrosting modes for evaporators
of different types (electric, water, hot gas, etc.), which
restore the operating conditions to those of a "clean"
evaporator. In current use it is also envisaged that the
defrosting cycles take place at constant time intervals,
which can be set by the operator (for example a defrosting
every six hours), regardless of the actual need to perform
this operation. Carrying out a defrosting cycle without it
being required involves obvious drawbacks. In terms of
energy consumption in particular; in addition to waste of
the energy required by defrosting, it must be borne in
mind that much of the thermal energy used to defrost
ends up in the room which is to be cooled and must there-
fore be removed, with further energy consumption. Fur-
thermore, there is no cooling capacity during the defrost-
ing cycle, and therefore the installed cooling capacity
must be increased at same cooling. Significant energy
disadvantages also occur when defrosting takes place
later than the optimal time, since the evaporator is forced
to operate under poor conditions, with consequent worse
COP (coefficients of performance) for the refrigeration /
heat pump cycle.

SUMMARY OF THE INVENTION

[0004] The main purpose of the present invention is to
provide an "intelligent" defroster, that is to say a system
capable of determining when the optimal time to defrost
is, regardless of the time interval elapsed since the pre-
vious defrosting cycle.
[0005] This object is accomplished through the method
of claim 1. Preferred embodiments of the invention will
be apparent from the remaining claims.
[0006] The method according to the invention has the
main advantage of automatically determining the mo-
ment at which it is necessary to start the defrosting cycle,
thus avoiding the system coming into operation if no frost
has formed.
[0007] According to a further advantage, the method
according to the invention lends itself for application to
any type of evaporator, regardless of its potential, the

refrigerant fluid used, the operating conditions under
which it works, the number of compressors with which it
is interfaced and the number of evaporators with which
it is in parallel.
[0008] A further advantage of the method according to
the invention is the fact that it does not require any cali-
bration, neither by the evaporator manufacturer, nor by
the installer, nor by the user.
[0009] Yet another advantage is the fact that the meth-
od according to the invention allows a degree of freedom
to the user, who can vary the preset value of the time of
the defrosting cycle at will, according to his needs.
[0010] In addition to optimizing the defrosting cycles,
the method according to the invention has the advantage
of allowing to determine and report any non-operation
(due to failures or other) of one (or more) fans and one
(or more) resistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other objects, advantages and fea-
tures will be apparent from the following description of
some preferred embodiments of the method according
to the invention illustrated by way of non-limiting exam-
ples in the figures of the attached drawings sheets.
[0012] In these:

- Figure 1 diagrammatically illustrates in lateral view
a cooling unit with which the method according to
the invention is carried out;

- Figure 2 shows the detail of the ventilation system
mounted on the cooling unit in Figure 1;

- Figure 3 is a flow chart in which the main stages of
the method according to the invention are illustrated;

- Figure 4 illustrates the trend of the air speed and the
number of revolutions of the fan as a function of time
in the defrosting method illustrated in Figure 3;

- Figure 5 is a flow chart in which the main stages of
a variant of the method according to the invention
are illustrated;

- Figure 6 illustrates the trend of the difference in air
pressure to the fan as a function of time in the method
shown in Figure 5;

- Figure 7 illustrates the hardware structure for man-
aging several cooling units with the method accord-
ing to the invention; and

- Figure 8 illustrates the characteristic curve of the fan
of the cooling unit in Figure 1 and the relative signal
curve for the air speed sensor.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0013] The cooling unit 1 illustrated in Figure 1 com-
prises a heat exchange battery 2 (with the relative ex-
changer or finned pack, not shown) and a fan 3, advan-
tageously of the axial type, provided with a sensor 4 for
measuring the speed of the air entering or exiting the fan
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in the direction of arrow F.
[0014] Preferably the aforementioned sensor 4 is con-
stituted by a hot wire sensor, for detecting the speed of
the air entering or exiting the fan 3. It is positioned radially
on the protection / support grid, so as to allow to get an
average speed value at the inlet or outlet of the fan. The
signal is proportional to the air flow rate, which is taken
into account in the method according to the invention.
[0015] Instead of the aforementioned sensor 4, the
cooling unit 1 may comprise a sensor 5 for measuring
the air pressure in said cooling unit 1, in particular be-
tween the heat exchange battery 2 and the fan 3.
[0016] Figure 8 shows the example of a characteristic
curve for fan 3 and the related signal curve of the speed
sensor. Means, for example resistors or the like, not il-
lustrated, are also provided for defrosting the heat ex-
change surfaces.
[0017] Figure 3 shows the main stages in the method
according to the invention, in the form of a flow chart that
measures the air speed, i.e., the air flow processed by
the fan 3.
[0018] Initially the value of the air flow rate with a clean
battery is entered or acquired. This value is stored and
maintained for the entire period of system operation.
Then the input values of the following variables are en-
tered: ratio between the final air flow rate (i.e., with frosted
battery) and the initial air flow rate (with clean battery),
the nominal and maximum rpm that can be reached by
the fan 3 and the target defrosting time.
[0019] The complete logic consists of two main stages:

A. controlling the revolutions of the fan 3 to keep the
air flow rate constant during the first formation of frost
on the finned pack;
B. monitoring the air flow rate during the formation
of frost at constant revolutions, up to the start-defrost
command;
followed by an auxiliary stage
C. monitoring the defrosting (cleaning) degree of the
finned pack of the heat exchange battery 2 and ad-
justing the defrosting time.

INPUT data

[0020] The Input data shown in the diagram in Figure
3 are the following, as set in the system control logic
before the refrigeration unit is started:

Vo: speed of the air at the sensor 4 of the fan 3 at
the start of the frosting process, or with clean battery
2 exchanger;
Vf: air speed at the end of the frosting process, or
with the exchanger frosted;
RVo = Vf / Vo: ratio between the air speed at the end
of the frosting process and at the beginning thereof;
Rpmo: nominal or initial number of revolutions of the
fan;
Rpmmax: maximum number of revolutions of the fan;

to: nominal defrosting time (initial time).

Stage A

[0021] In this stage, the decrease in the performance
of the refrigeration unit due to the initial formation of frost
on the heat exchange battery 2 is compensated by the
increase in the number of revolutions of the fan 3, so as
to keep the air flow rate on the same battery 2 constant.
[0022] This stage includes the following stages:

A1: the control system acquires the instantaneous
number of revolutions of the fan 3, Rpmi, and the
instantaneous air speed, Vi;
A2: speed Vi is compared with that Vi-1 measured
in the previous cycle. If Vi>Vi-1 then the system con-
tinues with passive air speed monitoring. If on the
other hand Vi<Vi-1 the system enters the stage:
A3: the instantaneous number of revolutions Rpmi
of the fan 3 is increased by a value ΔRpm, so as to
obtain an increase in the number of revolutions of
the fan equal to: 

Furthermore:
A4: if Rpmi+1 = Rpmmax set in the INPUT, the logic
brings the method to stage B. If instead Rpmi+1 <Rp-
mmax, the cycle returns to stage A1 (passive mon-
itoring of the number of revolutions of the fan).

Stage B

[0023] Stage B is a frosting stage, which occurs when
the frost that has formed on heat exchange battery 2 has
reached a level such that the fan 3 is no longer able to
maintain the initial performance of the refrigeration unit
on its own. This stage includes the following stages:

B1: reading the instantaneous values Vi of the air
speed and Rpmi of the number of revolutions of the
fan 3;
B2: in this stage, if Vi/Vo > RVo, where Vi is the
instantaneous air speed, Vo and RVo are INPUT da-
ta, the system remains in a passive state of simply
reading the refrigeration cycle parameters.
If instead Vi/Vo = RVo, then the system enters the
stage:
B3: starting defrosting, in which the resistors that
melt the frost are activated and the timer controls the
defrosting time tdefrost. If tdefrost < to it then acti-
vates the stage:
B4: maintaining the defrosting stage.
If instead tdefrost = to, it enters the stage:
B5: stopping the defrosting stage.
From here the following stage is started:

3 4 
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B6: in this stage the number of revolutions Rpm of
the fan 3 is reset to the initial value Rpmo and the
system, if necessary, enters the following stage C.

Stage C

[0024] In this stage the defrosting (cleaning) degree of
the finned pack or exchanger of the battery 2 is monitored
and the defrosting time is readjusted to the INPUT to
value. In particular, stage C includes the following stages:

C1: at this stage the system selects among:

- a logic for managing the defrosting stage at a
predetermined time and in this case the cycle
returns to stage A1;

- a logic for managing the defrosting stage with
variable time, i.e., adjusted according to the
presence of frost residues on the exchanger,
which brings the system to the stage:

C2: reading the instantaneous data Rpmi of the fan
and Vi of air speed.
C3: in this stage the values Vi measured in stage C2
and Vo of INPUT are compared and if Vi = Vo the
system enters the stage:
C4: where a new INPUT time to+1 is established,
obtained by decreasing the initial time to by a differ-
ence Δt: to+1 = to - Δt. From here the cycle returns
to stage A1, in which the INPUT time to is brought
to the value to+1.
If, on the other hand, Vi<Vo, this means that there
are frost residues on the exchanger. In this case it
enters the stage:
C5: where the cycle returns to stage A1 with a new
INPUT value to+1 of to+1 = to+Δt.

[0025] Then in stage A the system continues to monitor
the value of the fan revolutions and the air flow rate. When
the latter begins to decrease compared to the clean bat-
tery value Vo, this means that frost is forming on the
finned pack of the refrigeration unit. Consequently, the
system increases the fan revolutions, up to the maximum
set value Rpmmax, to keep constant the air flow rate
equal to Vo.
[0026] Once the maximum value of the number of rev-
olutions of the fan Rpmmax has been reached, it enters
the second control stage, called B. In this stage the sys-
tem continues to monitor the fan revolutions and the air
flow rate. The latter is compared to the initial one with
clean battery and when this ratio reaches the set value
RVo, the system activates the defrosting stage. A clock
measures the defrosting time and when it reaches the
set tdefrost value, the defrosting stage ends and all the
variables are reset to their initial state.
[0027] At this point it is possible to set a fixed defrosting
time mode, or to activate stage C for monitoring the de-
frosting (cleaning) degree of the refrigeration unit. This

stage C monitors the air flow rate at the end of the de-
frosting and if said value is lower than that of the clean
battery Vo, the defrosting time to is extended. In the next
cycle the defrosting time can be adjusted once again to
achieve complete cleaning of the finned pack.
[0028] The trend of the air speed and the number of
revolutions measured on fan 3 as a function of time in
the method illustrated in Figure 3 are shown in the dia-
gram in Figure 4. In particular, Vo of the air is kept con-
stant, thanks to the increase in the number of revolutions
of the fan, up to the maximum value Rpmmax. Thereafter,
this maximum number of revolutions of the fan remains
constant and the air flow rate decreases due to the for-
mation of frost or frosting. Once the Vf or RVo value is
reached, the fan is stopped and the defrosting stage be-
gins, in which the air flow rate and the relative number
of revolutions of the fan are reset to zero. The cycle is
then repeated.
[0029] According to the variant of the method of the
invention illustrated in the flow diagram in Figure 5, the
reference parameter is the air pressure measured, by
the sensor 5 in Figure 1, in the heat exchange battery 2,
in particular between the battery 2 exchanger and the
fan 3.
[0030] In the method shown in Figure 5, the air pres-
sure value with clean battery is initially entered or ac-
quired. This value is stored and maintained for the entire
period of system operation. The values of the following
variables are then recorded: ratio between the final air
pressure (i.e., with frosted battery) and the initial air pres-
sure (with clean battery), the nominal and maximum
number of revolutions that can be reached by the fan 3
and the defrosting time.
[0031] The complete logic consists of two main stages:

A. controlling the revolutions of the fan 3 to keep the
air flow rate constant during the first formation of frost
on the finned pack;
B. monitoring the air pressure during the formation
of frost at constant revolutions, up to the start-defrost
command;
followed by an auxiliary stage:
C. monitoring the defrosting (cleaning) degree of the
finned pack of the heat exchange battery 2 and ad-
justing the defrosting time.

INPUT data

[0032] The Input data shown in the diagram in Figure
5 are the following, as set on the system control logic
before starting the refrigeration unit:

ΔPo: air pressure on the sensor 5 of the battery 2 at
the start of the frosting process, i.e., with clean bat-
tery 2 exchanger;
ΔPf: air pressure at the end of the frosting process,
i.e., with frosted exchanger;
RPo = ΔPf / ΔPo: ratio between the air pressure at
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the beginning and the end of the frosting process;
Rpmo: nominal or initial number of revolutions of the
fan;
Rpmmax: maximum number of revolutions of the fan;
to: nominal defrosting time (initial time).

Stage A

[0033] In this stage, the decrease in the performance
of the refrigeration unit due to the initial formation of frost
on heat exchange battery 2 is compensated by the in-
crease in the number of revolutions of the fan 3, so as to
keep the air flow to the same battery 2 constant.
[0034] This stage includes the following stages:

A1: the control system acquires the instantaneous
number of revolutions Rpmi of the fan 3 and the pres-
sure difference ΔPi;
A2: the pressure difference ΔPi is compared with that
ΔPi -1 measured in the previous cycle. If ΔPi ≤ ΔPi
-1 the system continues with the passive monitoring
of the air speed. If instead ΔPi > ΔPi -1, the system
enters the stage:
A3: the instantaneous number of revolutions Rpmi
of the fan 3 is increased by a value ΔRpm, so as to
obtain an increase in the number of revolutions of
the fan equal to: 

Furthermore:
A4: if Rpmi+1 = Rpmmax set in the INPUT, the logic
brings the method to stage B. If instead Rpmi+1 <
Rpmmax, the cycle returns to stage A1 (passive
monitoring of the number of revolutions of the fan).

Stage B

[0035] Stage B is a frosting stage, which occurs when
the frost that has formed on heat exchange battery 2 has
reached a level such that the fan 3 is no longer able to
maintain the initial performance of the refrigeration unit
on its own. This stage includes the following stages:

B1: reading the instantaneous values ΔPi of air pres-
sure and Rpmi of the number of revolutions of the
fan 3;
B2: in this stage if ΔPi/ΔPo < RPo, where ΔPi is the
measured instantaneous pressure difference of the
air, ΔPo is the pressure difference with clean battery
and RPo is the INPUT data, the system remains in
a passive state of simply reading the parameters of
the refrigeration cycle. If instead ΔPi/ΔPo ≥ RPo then
the system enters stage:
B3: starting defrosting, in which the resistors that
melt the frost are activated and the timer controls the

defrosting time tdefrost.
If tdefrost < to it then it activates the stage:
B4: maintaining the defrosting stage.
If instead tdefrost = to, it enters the stage:
B5: stopping the defrosting stage.
From here the following stage is started:
B6: in this stage the number of revolutions Rpm of
the fan 3 is reset to the initial value Rpmo and the
system, if necessary, enters the following stage C.

Stage C

[0036] In this stage the defrosting (cleaning) degree of
the finned pack or exchanger of battery 2 is monitored
and the defrosting time is readjusted to the INPUT to
value. In particular, stage C includes the following stages:

C1: at this stage the system chooses between:

- a logic for managing the defrosting stage at a
predetermined time and in this case the cycle
returns to stage A1;

- a logic for managing the defrosting stage with
variable time, i.e., adjusted according to the
presence of frost residues on the exchanger,
which brings the system to the stage:

C2: reading the instantaneous data Rpmi of the fan
and ΔPi of air pressure difference.
C3: in this stage the ΔPi values measured in stage
C2 and the INPUT ΔPo values are compared and if
ΔPi ≤ ΔPo the system enters the stage:
C4: where a new INPUT time to+1 is established,
obtained by decreasing the initial time to by a differ-
ence to+1 = to - Δt. From here the cycle returns to
stage A1, in which the INPUT time to is brought to
the value to+1.
If, on the other hand, ΔPi > ΔPo, this means that
there are frost residues on the exchanger. In this
case it enters the stage:
C5: where the cycle returns to stage A1 with a new
INPUT value to+1 of to+1 = to+Δt.

[0037] Then in stage A the system continues to monitor
the value of the fan revolutions and the air pressure dif-
ference. When the latter begins to increase in compari-
son with the Po value of a clean battery, this means that
frost is forming on the finned pack of the refrigeration
unit. Consequently, the system increases the fan revo-
lutions, up to the maximum set value Rpmmax, to keep
the air flow rate constant.
[0038] Once the maximum value of the number of rev-
olutions of the fan Rpmmax is reached, the second con-
trol stage, called B, is entered. In this stage the system
continues to monitor the fan revolutions and the air pres-
sure difference. This difference is compared to the initial
one with clean battery and when said ratio reaches the
set value RPo, the system activates the defrosting stage.
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A clock measures the defrosting time and when it reaches
the set tdefrost value, the defrosting stage ends and all
the variables are reset to their initial state.
[0039] At this point it is possible to set a fixed defrosting
time mode, or to activate stage C to monitor the defrosting
(cleaning) degree of the refrigeration unit. This stage C
monitors the air pressure difference at the end of defrost-
ing and if said value is higher than the ΔPi value of a
clean battery, then the defrosting time to is extended. In
the next cycle the defrosting time can be adjusted once
again to achieve complete cleaning of the finned pack.
[0040] The trend of the air pressure difference meas-
ured at the sensor 5 as a function of time in the method
illustrated in Figure 5 is shown in the diagram in Figure
6. In particular, to keep the air flow rate constant, the
number of fan revolutions is increased, up to the maxi-
mum limit Rpmmax. The pressure continues to rise due
to the formation of frost, until it reaches the limit value
ΔPf. At this point the defrosting stage in which ΔPf and
Rpm are reset to zero is activated and then the defrosting
cycle starts again.
[0041] Figure 7 shows the complete hardware struc-
ture of the system for managing a refrigeration plant, con-
sisting of several cooling units 11, 12, 13 and the corre-
sponding general controller 14. The latter may or may
not incorporate control of electronic motors 151, 152, 153
and a series of contacts 161, 162, 163 for communication
with the respective controllers 171, 172, 173 in the cold
room. Communication with these cell controllers can also
be performed via a Modbus system (or equivalent).
[0042] Several refrigeration units are managed by the
system according to a stand-by logic. This is to prevent
all the units from starting defrosting at the same time. If
a first refrigeration unit requires defrosting while a second
unit is already defrosting, the first is kept in stand-by until
the second has completed its full cycle. Management of
the defrosting of several units at the same time can be
set as an initial variable, by entering the maximum
number of cooling units used.
[0043] The system includes a series of checks, fol-
lowed by refrigeration unit operating status alarm signals.
The system also constantly monitors the operating status
of the fan and the defrosting resistors (or other defrosting
devices). A check on possible anomalous formation of
frost at the end of defrosting is also provided.
[0044] Among the alarms inserted in the system there
are those that monitor for:

- a fan on anomaly during defrosting: detection of the
air flow rate during the defrosting stage Vi>0, or de-
tection of the air pressure during the defrosting stage
ΔPi>0;

- resistor failure: defrosting time (tdefr) higher than the
set safety limit value;

- fan failure: air flow rate equal to zero after the de-
frosting stage or via Modbus message directly from
the motor, or air pressure equal to zero after the de-

frosting stage;
- lack of cleaning of the finned pack: flow rate value

detected after defrosting stage lower than the initial
value Vo, or pressure value detected after defrosting
stage higher than the initial value ΔPo;

- air flow/pressure sensor failure: air flow / pressure
equal to zero with fan revolutions greater than zero,
Rpmi>0.

Claims

1. A method for controlling the formation of frost in cool-
ing units of refrigeration systems which include at
least one heat exchange battery (2) equipped with
a fan (3) and defrosting devices for the heat ex-
change surfaces of said cooling units, character-
ized in that it provides for automatic starting of the
defrosting cycle when predetermined threshold val-
ues of the air flow rate at the fan (3), or of the air
pressure in said cooling unit (1), are reached.

2. The method according to claim 1, characterized in
that it includes the following stages:

(A) controlling the fan (3) revolutions to keep the
air flow rate constant during the first formation
of frost on the finned pack;
(B) monitoring the air flow rate during the forma-
tion of frost at constant revolutions, up to the
start-defrost command.

3. The method according to claim 2, characterized in
that it also includes the following stage:
(C) monitoring the defrosting (cleaning) degree of
the finned pack of the heat exchange battery (2) and
adjusting the defrosting time.

4. The method according to claim 2, characterized in
that in said stage (A) the number of revolutions of
the fan (3) and said air flow rate are monitored, as
the latter decreases in comparison with the clean
battery value (Vo), measured as the air speed at the
fan (3), the number of revolutions of the same fan
(3) being increased up to the maximum set value
(Rpmmax) so as to keep the value of said air flow
rate (Vo) constant.

5. The method according to claim 2, characterized in
that, once the maximum value (Rpmmax) of the
number of revolutions of the fan (3) has been
reached, said stage (B) is started, in which stage the
fan revolutions and the air flow rate continue to be
monitored and when the air speed reaches the value
(Vf) the defrosting stage is started, which defrosting
stage ends when the defrosting time reaches the set
value (tdefrost).

9 10 
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6. The method according to claim 3, characterized in
that in said stage (C) the air flow rate is monitored
at the end of defrosting and when this value is lower
than that of the clean battery (Vo) the defrosting time
(tdefrost) is extended.

7. The method according to claim 1, characterized in
that it includes the following stages:

(A) controlling the fan (3) revolutions to keep the
air flow rate constant during the first formation
of frost on the finned pack;
(B) monitoring the air pressure during the for-
mation of frost at a constant number of revolu-
tions of said fan 3, up to the start-defrost com-
mand.

8. The method according to claim 7, characterized in
that it also includes the following stage:
(C) monitoring the defrosting (cleaning) degree of
the finned pack of the heat exchange battery (2) and
adjusting the defrosting time.

9. The method according to claim 7, characterized in
that in said stage (A) the number of revolutions of
the fan (3) and said air pressure are monitored, as
the latter increases in comparison with the clean bat-
tery value (ΔPo), the number of revolutions of the
fan (3) being increased up to the maximum set value
(Rpmmax), so as to keep the value of said air flow
rate (ΔPo) constant.

10. The method according to claim 7, characterized in
that, once the maximum value (Rpmmax) of the
number of revolutions of the fan (3) has been
reached, said stage (B) is started, in which the fan
revolutions and the air pressure continue to be mon-
itored and when the latter reaches the defrost air
pressure value (RPo), the defrosting stage is started,
which defrosting stage ends when the defrosting
time reaches the set value (tdefrost).

11. The method according to claim 8, characterized in
that in said stage (C) the air pressure is monitored
at the end of defrosting and when this value is greater
than that of the clean battery (Po) the defrosting time
is extended.

12. A cooling unit for carrying out the method according
to one or more of the preceding claims, character-
ized in that it comprises a heat exchange battery
(2), a fan (3), a sensor (4) for measuring the speed
of the air entering or exiting said fan (3), or a sensor
(5) for measuring the air pressure in said cooling unit
(1) and the defrosting devices for said heat exchange
surfaces.

13. A refrigeration plant, comprising a plurality of cooling

units according to one or more of the preceding
claims, characterized in that it comprises a hard-
ware structure for management of said cooling units
(11, 12, 13) and the corresponding general controller
(14).

14. The plant according to claim 13, characterized in
that it comprises a system for monitoring the oper-
ating status of said refrigeration units and for moni-
toring anomalous formation of frost at the end of de-
frosting, with monitoring of the operating status of
the fan and the defrosting devices.
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