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Description
FIELD OF THE INVENTION

[0001] The presentinvention concerns adevice to con-
trol the functioning of a heat exchanger, comprised by
way of example in a plant or an apparatus, for cooling
and/or conditioning.

[0002] The present invention also concerns the heat
exchanger that includes the control device according to
the invention, and the corresponding method of control-
ling the functioning of a heat exchanger based on the
measurement of an electromagnetic field.

BACKGROUND OF THE INVENTION

[0003] Various control devices are known, for control-
ling the functioning of heat exchangers and in particular
those that allow to detect the presence of ice or frost on
parts of the exchanger, in particular on the fins.

[0004] The presence of ice in heat exchangers is in-
deed a particularly serious problem and these control
devices can be used, in association, for example, with
heaters which can be selectively activated in order to
carry out, for example, an automatic defrosting of the
parts of the heat exchanger affected by the formation of
ice.

[0005] In this context, devices are known that are
based on controlling the temperature at determinate in-
tervals of time, detecting for example if the temperature
measured falls below a determinate threshold at different
instances of time.

[0006] One disadvantage of these control devices is
that they are not very precise or reliable since, detecting
the overall temperature inside the exchanger, they do
not allow to appreciate, for example, deposits of small
amounts of ice and/or localized in specific parts of the
exchanger.

[0007] Control devices are also known that are based
on measuring the flow of air, in which a flow sensor sup-
plies an indication on the movement of air generated by
a difference in temperature present in different parts of
the heat exchanger.

[0008] One disadvantage of these control devices is
that they are particularly expensive.

[0009] Control devices are also known based on:

- humidity measurements;

- measurements of the speed of flow of the refrigerant
mass;

- comparison of the transfer of heat between the part
of the heat exchanger exposed to the air and that
exposed to the refrigerant;

- the effect of thermal insulation;

- the use of optical sensors;

- methods of artificial intelligence, such as neural net-
works.
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[0010] Control devices are also known that are based
on measurements of the capacity between two elec-
trodes that can be covered with ice or frost.

[0011] Some disadvantages ofthe devices cited above
are high installation costs, difficulties in installing the sen-
sors in proximity to the points where the ice forms, high
costs of the sensors used and their limited duration over
time.

[0012] Moreover, a common problem of such control
devices is that they are not able to detect the presence
of ice on all the parts of the heat exchanger in a uniform
manner.

[0013] In the state of the art various solutions have
been proposed to detect the presence of ice or frost on
the fins of a heat exchanger.

[0014] For example, document EP 0 563 751 A1 de-
scribes an ice sensor based on a simple capacitive de-
tection. This document describes the use of a low-fre-
quency oscillator that does not emit any RF electromag-
netic field, but detects the capacity reactance of the
equivalent capacitor.

[0015] The functioning is based on an oscillator whose
frequency varies with the variation of the value of "C"
represented by the conductors.

[0016] DocumentEP 0644 386 A1 describes a system
for defrosting based on a microprocessor using an ice
sensor of the capacitive type and an algorithm that mon-
itors evaporation temperature and defrosting time. Here
too, the ice sensor is based on a simple capacity detec-
tion. The sensor described in this document also uses a
low-frequency oscillator that does not emit an RF elec-
tromagnetic field but, in this case too, as in the previous
one, it detects the capacity reactance of the equivalent
capacitor. Documents JP 2001 264446 A, EP 787 961,
US 4.374.709, US 2011/185755 and US 2011/185755
also describe defrosting systems based on an ice sensor
of the capacitive type.

[0017] None of the prior art documents mentions the
use of an electromagnetic field or the detection of varia-
tions in an RF or medium-high frequency field. On the
contrary, using resistance and referring to the Vdc, all
these documents necessarily imply using oscillators with
alow if notvery low frequency. Document JP S60 155876
A describes an sensor using radio waves to detect frost
on a heat exchanger.

[0018] One purpose of the present invention is to ob-
tain a device to control the functioning of a heat exchang-
er that is reliable, durable and robust to obtain measure-
ments.

[0019] Another purpose of the present invention is to
obtain a device to control the functioning of a heat ex-
changer that is economical and that has reduced instal-
lation costs.

[0020] Another purpose of the present invention is to
obtain a control device of the above type which is simple
to make.

[0021] Another purpose of the present invention is to
obtain a control device which is as little invasive as pos-
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sible on the exchanger itself.

[0022] Another purpose of the present invention is to
obtain a heat exchanger in which, in particular and as a
preferential application, it is possible to detect the pres-
ence of frost or ice efficiently.

[0023] Moreover, it is also a purpose of the present
invention to realize a method to control the functioning
of a heat exchanger that uses a device of the type indi-
cated above to obtain said advantages.

[0024] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

[0025] The present invention is set forth and charac-
terized in the independent claims, while the dependent
claims describe other characteristics of the invention or
variants to the main inventive idea.

[0026] In accordance with the above purposes, the in-
vention concerns a device to control the functioning of a
heat exchanger, comprised, by way of example, in a plant
or apparatus for cooling and/or conditioning, in particular,
but not only, a heat exchanger of the finned type.
[0027] The control device according to the present in-
vention comprises:

- amedium or high frequency electric generator suit-
able to generate an electric current and/or tension;

- atleast an emission element, disposed in an emis-
sion point or zone connected to the electric generator
and associable to the heat exchanger, configured to
generate in the latter a high frequency electromag-
netic field by means of the electric current and/or
tension generated by the generator;

- atleast a detection element, disposed in a detection
point or zone, distanced from the emission element,
and not in physical contact with it, possibly also out-
side the exchanger itself, associable to the heat ex-
changer and configured to detect a value of the elec-
tromagnetic field received in the detection point, with
respect to the value generated by the electromag-
netic field and emitted by the emission element at
the emission point;

- a detector, connected to the detection element to
determine the functioning conditions of the heat ex-
changer as a function of the electromagnetic field
detected in the detection point or zone;

- a frequency generator configured to determine at
least a frequency with which the electric generator
operates, wherein the frequency generator is con-
figured to generate a frequency from about 100 kHz
to 1 GHz, more preferably from 1 MHz to 500 MHz,
even more preferably from 10 MHz to 50 MHz; and

- an encoded modulator configured to create a real
and proper signature on a signal generated by said
electric generator until the signal is recognized
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uniquely and unequivocally even in the presence of
disturbances of any type, and an encoded de-mod-
ulator configured to recognize the electromagnetic
field generated by said emission element. The action
of the control device according to the present inven-
tion is based on the principle which exploits the elec-
tromagnetic properties of the materials through
which an electromagnetic field generated by the
emission element passes, until it reaches the detec-
tion element, in order to determine the presence of
determinate materials.

[0028] Between the emission point and the detection
point there is the part of the exchanger subjected to the
control of the presence or formation of ice or frost, or
other element to be monitored.

[0029] The control device can therefore be used to de-
tect, forexample, the presence of ice, frost, water or other
materials inside the heat exchanger.

[0030] In particular, using an electromagnetic field,
which is transmitted by an emission element and re-
ceived by a detection element, passing through compo-
nents of the heat exchanger, allows to perform said de-
tections without direct contact with the materials to be
detected, therefore without the emission and detection
elements being invasive and/or posing problems and dif-
ficulties of installation with respect to the components of
the exchanger.

[0031] Moreover, the invention allows to detect the
presence of materials in every position of the heat ex-
changer, in particular disposing the emission element
and the detection element in opposite peripheral posi-
tions, since the whole part of the heat exchanger, inter-
posed between the emission element and the detection
element and through which the electromagnetic field
emitted passes, can be investigated.

[0032] In possible implementations of the present in-
vention, the emission element and the detection element
are metal conductors with a shape chosen for example
from a group comprising an elongated shape, such as a
cable or a bar, plate-shape, mesh-shape, spiral-shape
and solenoid-shape, on condition that they can be used
as receiving or transmitting antennas.

[0033] The emission element and the detection ele-
ment, according to these forms of embodiment, are par-
ticularly economical and simple to install, therefore par-
ticularly non-invasive.

[0034] The emission element and the detection ele-
ment are also robust in obtaining measurements, durable
and reliable, as well as simple to achieve.

[0035] Using modern technologies in this context, it is
possible to achieve, according to these forms of embod-
iment, control devices with particularly reduced sizes and
at the same time economical.

[0036] According to other forms of embodiment, the
frequency generator can supply frequencies in the mi-
crowave spectrum.

[0037] According to other forms of embodiment, the
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control device comprises external communication
means, to send data to external apparatuses, such as a
heater which can be selectively activated or an external
controller.

[0038] Suchforms of embodiment allow to achieve, for
example, the automatic defrosting of the heat exchanger,
based on the values of the electromagnetic field detect-
ed.

[0039] According to other implementations of the
present invention, the control device comprises a timing
device, configured to measure instants of time in which
determinate values of electromagnetic field are detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and other characteristics of the present
invention will become apparent from the following de-
scription of some forms of embodiment, given as a non-
restrictive example with reference to the attached draw-
ings wherein:

- fig 1 shows forms of embodiment of device to control
the functioning of a heat exchanger according to the
present invention;

- fig. 2is a block diagram of a form of embodiment of
a control device according to the present invention;

- fig. 3is a simplified block diagram of the functioning
of the control device according to the presentinven-
tion;

- figs. 4a-4d and 5 show some example implementa-
tions of the present invention.

[0041] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is un-
derstood that elements and characteristics of one form
of embodiment can conveniently be incorporated into
other forms of embodiment without further clarifications.

DETAILED DESCRIPTION OF SOME FORMS OF EM-
BODIMENT

[0042] We shall now refer in detail to the various forms
of embodiment of the present invention, of which one or
more examples are shown in the attached drawing. Each
example is supplied by way of illustration of the invention
and shall not be understood as a limitation thereof. For
example, the characteristics shown or described inso-
much as they are part of one form of embodiment can
be adopted on, or in association with, other forms of em-
bodiment to produce another form of embodiment. It is
understood that the present invention shall include all
such modifications and variants.

[0043] Fig. 1is used to describe forms of embodiment
of a device 10 to control the functioning of a heat ex-
changer 11, comprised, by way of example, in a plant or
an apparatus for cooling and/or conditioning.

[0044] The control device 10 comprises an electric
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generator 12 suitable to generate an electric quantity,
such as a current and/or a tension, with suitable modu-
lation and encoding method, and a high-frequency emis-
sion element 13, disposed in an emission point or zone,
connected to the electric generator 12 and associable to
the heat exchanger 11.

[0045] The emission element 13 is configured to gen-
erate an electromagnetic field, with suitable modulation
and encoding, by means of the electric quantity gener-
ated by the electric generator 12.

[0046] The emission element 13, in a preferred solu-
tion, can be disposed in a peripheral position even notin
contact with, or only near, the heat exchanger 11, but
such that the electromagnetic field emitted passes
through parts of the heat exchanger 11.

[0047] The electric generator 12 can be a tension gen-
erator, as shown in figs. 1 and 2, for example high-fre-
quency alternate tension.

[0048] According to some variants, the electric gener-
ator 12 can be, by way of example, an alternate current
generator, which generates current for example with a
square or sinusoidal wave shape, with suitable modula-
tion and encoding, for example by means of a suitable
encoded modulator 32 (fig. 3) so as to create a real and
proper signature on this signal until the signal is recog-
nized uniquely and unequivocally even in the presence
of disturbances of any type.

[0049] The emission element 13 is typically a metal
conductor with adequate impedance.

[0050] According to some forms of embodiment, the
emission element 13 has an elongated shape, as can be
seen in the example shown in fig. 1, and can be made,
by way of example, with a cable, or a bar, suitable for the
transmission of an electromagnetic field.

[0051] According to other forms of embodiment, the
emission element 13 can be, for example, a plate, a
mesh, a spiral or a solenoid.

[0052] The control device 10 also comprises a detec-
tion element 14, disposed at a detection point or zone,
distanced with respect to the emission element 13, as-
sociable to the heat exchanger 11 and configured to de-
tect a value of the electromagnetic field received in the
detection point, with respect to the value generated by
the electromagnetic field in the emission point with a suit-
able de-modulation and de-coding method.

[0053] According to some forms of embodiment, the
detection element 14 can be disposed in peripheral po-
sitions of the heat exchanger 11, advantageously distant
from and/or opposite and/or external to the positions of
the emission element 13, so that the electromagneticfield
emitted by the emission element 13 and received by the
detection element 14 passes through at least a part 18
(see fig. 3 again) of the heat exchanger 11.

[0054] The detection element 14 is typically a metal
conductor with impedance suitable to be used as a re-
ceiving antenna of the signal emitted by the transmission
conductor of the emission element 13.

[0055] According to some forms of embodiment, the
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detection element 14 has an elongated shape, as can be
seen in the example shown in fig. 1, and can be made,
by way of example, with a cable, or a bar, suitable for the
transmission of an electromagnetic field.

[0056] According to other forms of embodiment, the
detection element 14 can be for example a plate, a mesh,
a spiral, a solenoid or a real antenna.

[0057] The control device 10 also comprises a detector
15, connected to the detection element 14, and able, by
means of a suitable method to de-modulate and de-code
the signal received, to determine the functioning condi-
tions of the heat exchanger 11 as a function of the elec-
tromagnetic field detected in the detection point or zone
by the detector element 14.

[0058] The detector 15 can also comprise a measuring
mean 19 suitable to measure the intensity of the electro-
magnetic field detected by the detection element 14.
[0059] In the case of fig. 1, the measuring mean 19 is
an amperometer configured to measure a signal quantity
on the detection element 14, as generated by the elec-
tromagnetic field emitted by the emission element 13.
[0060] According to variants forms of embodiment, the
measuring mean 19 can be, by way of example, a volt-
meter, able to detect a difference in potential generated
by the electromagnetic field received. The control action
of the control device 10, according to the form of embod-
iment in figs. 1 and 2, allows to verify the presence of
determinate materials, for example deposited in the zone
18 of the heat exchanger 11 through which the electro-
magnetic emission field passes, until it reaches the de-
tection element.

[0061] These electromagnetic properties can be, by
way of non-restrictive example, the electric permittivity
€, also called dielectric constant, the magnetic suscepti-
bility or the capacity.

[0062] In the form of embodiment in figs. 1 and 2, the
control device 10 is configured to detect the electric per-
mittivity € in the heat exchanger 11.

[0063] Indeed, in the configuration shown, the emis-
sion element 13 and the detection element 14 are com-
parable to two plates of a capacitor, while the heat ex-
changer 11 can be considered as a dielectric material
interposed between the plates, that therefore function as
transmission and reception antennae.

[0064] Ina capacitor, the load quantity Q that is depos-
ited on each plate is given by the formula

Q=C-V

where V is the difference in potential between the two
plates and C is the capacity of the capacitor.

[0065] The capacity of the capacitor C, given the same
distance between the plates and size of the plates, is
proportional to the electric permittivity «.

[0066] Therefore, detecting the current that is gener-
ated on the detection element 14, once received, de-
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modulated and de-coded, it is possible to quantify the
quantity of electromagnetic field that, transiting from the
antenna considered the transmission antenna to the an-
tenna considered the reception antenna, of which one
partis proportional to the load Q, is deposited at the heads
of the equivalent plates, in this case on the emission el-
ement 13 and on the detection element 14, as a conse-
quence of the electromagnetic field generated.

[0067] Said electromagnetic field generated, in partic-
ular, is due to the tension created by the generator 12,
suitably modulated and encoded, which is equal to the
difference in potential V between the plates of the capac-
itor in the capacity detection methods.

[0068] In particular, the quantity of field transmitted in
the form of current circulating in the detection element
14 measured by the amperometer 19 is measured.
[0069] It is therefore possible to have an indication of
the electric permittivity ¢ of the materials interposed, for
example deposited inthe zone 18, between the emission
element 13 and the detection element 14, knowing the
tension generated by the generator 12 and the current
measured on the amperometer 19.

[0070] In particular, the electric permittivity e quantifies
the tendency of a material to contrast the intensity of the
electromagnetic field that passes through it.

[0071] The electric permittivity € can be considered as
the product of the relative permittivity €., dependent on
the materials affected by the electromagnetic field gen-
erated, and of the permittivity of the vacuum g, not de-
pendent on the materials.

€= 8.8

[0072] Ice, in particular, is a material that has a high
relative permittivity €, and consequently a high electric
permittivity ¢, that leads to consistent variations in the
electromagnetic field detected, if present, even in re-
duced quantities, inside the heat exchanger 11.

[0073] By way of example, the relative permittivity ¢, of
ice has a value of about 86.4 against a relative permittivity
g, of the air of 1.00059.

[0074] The control device 10 is therefore particularly
effective to detect the presence of ice inside the heat
exchanger 11.

[0075] The variation in thickness of the layer of ice also
leads to a proportional variation in the electric permittivity
€.

[0076] According to other forms of embodiment, the
control device 10 can be used to detect the presence of
water, in the form of condensation or frost for example,
or other types of materials, for example encrustations,
lime scale, dirt, dust or other.

[0077] According to some forms of embodiment, the
control device 10 can also include a frequency generator
21 configured to determine at least a frequency with
which the electric generator 12 operates.
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[0078] The electric permittivity ¢ is indeed a function of
the frequency of the electromagnetic field, generated and
transmitted, and consequently, depending on the control
to be carried out in the heat exchanger 11, a suitable
frequency of the emission element 13 can be set, in dif-
ferent forms of embodiment, by means of the electric
generator 12.

[0079] To this end, the electromagnetic field emitted
by the emission element 13 advantageously has a fre-
quency suitable for the purpose and a precise and stable
power.

[0080] With reference to the schematic example
shown in fig. 3, the control device 10 can also comprise
the encoded modulator 32, connected to the emission
element 13 and configured to modulate the electromag-
netic field produced, so that it can be distinct from the
detection element 14 even in the presence of disturbing
signals, such as for example background noises that can
modify the characteristics thereof.

[0081] In particular, in order to detect the presence of
ice, frost and/or water, since their constituting molecules,
with the chemical formula H,O, are electric dipoles, it is
preferable to set frequencies, by means of the frequency
generator 21, comprised in the spectrum of radio fre-
quencies.

[0082] The frequency generator 21 can also provide
means to interface with a user to modify the frequency
supplied thereby.

[0083] As can be seen in the examples in figs. 4a-d
and 5, the emission element 13 and the detection element
14 can use wire antennas, and can be mounted on a
single physical structure (fig. 4a), with the corresponding
antenna elements in communication with each other; or
on two physically separate units (fig. 4b) with a receiving
unit equipped with a dipole wire antenna to improve re-
ception; or again they can be separate and near (fig. 4c)
with the receiving unit equipped with dipole wire antenna
to improve reception, or they can be separate and dis-
tanced with the receiving unit equipped with a wire an-
tenna.

[0084] Itisalso possible (fig. 5) to have several bench-
es, each with a corresponding emission element 13, that
communicate if ice is present to a detection element 14,
which recognizes the specific bench thanks to the pres-
ence, associated to the detection element, of an encoded
de-modulator 33 (fig. 3).

[0085] In the forms of embodiment in figs. 1-2, the fre-
quency generator 21 is comprised in the electric gener-
ator 12.

[0086] In possible implementations, the frequency
generator 21 can determine a frequency from about 100
kHz to 1 GHz, more preferably from 1 MHz to 500 MHz,
even more preferably from 10 MHz to 50 MHz.

[0087] According to some forms of embodiment of the
present invention, frequencies can be set, by means of
the frequency generator 21, comprised in the spectrum
of microwaves, to detect determinate materials.

[0088] According to some forms of embodiment, com-
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binable with those shown above, the electromagnetic
field detected on the detection element 14, given the
same electromagnetic field generated, can be a function,
by way of example, of the magnetic susceptibility.
[0089] In this case, for example, at least an emission
element 13 and/or a detection element 14 of a spiral
and/or solenoid shape can be provided.

[0090] The control device 10 can also comprise a
processing element 20, able to process data coming at
least from the measuring mean 19 and/or from the de-
tection element 14 using a suitable modulation and en-
coding method.

[0091] Again with reference to fig. 3, the control device
10 also comprises the encoded de-modulator 33, config-
ured, as we said, to recognize the electromagnetic field
generated by the emission element 13.

[0092] Subsequently, the signal detected is transmit-
ted to the processing element 20 which, by way of ex-
ample, can compare the quantity measured by the meas-
uring mean 19 and at least a threshold quantity.

[0093] In other forms of embodiment, the processing
element 20 can allow to trace the development of the
quantity over time, measured by the measuring mean
19, possibly providing to generate graphs.

[0094] According to some forms of embodiment, the
processing element 20 can, for example, allow to obtain
information on the composition of the materials, analyz-
ing the quantity measured.

[0095] With reference to the form of embodiment in fig.
1, the heat exchanger 11 is made as a bundle of tubes,
and comprises a coil 16 in which a heat-carrying liquid
flows.

[0096] The coil 16 is made of rectilinear tubular ele-
ments 17 connected by U shaped curved pipes.

[0097] A plurality of fins 18 (which identify, in this ex-
ample, the generic zone 18 of fig. 3 which the electro-
magnetic field passes through), that is, metal plates,
which have the function of increasing the heat exchange
surface, are solidly associated to the coil 16, transversely
to the longitudinal extension of the tubular elements 17.
[0098] The control device 10, in accordance with the
form of embodiment in fig. 1, can be used to detect the
presence of layers of ice that can be deposited on the
fins 18 or on the coil 16.

[0099] According to other forms of embodiment, the
control device 10 can be used to detect the presence of
water, for example in the form of condensation, or other
types of materials deposited on the fins 18 or on the coil
16.

[0100] Intheform of embodimentinfig. 1, the emission
element 13 and the detection element 14 are stably as-
sociated to the heat exchanger 11 and pass through it,
from one lateral end to the other.

[0101] The electromagnetic field generated by the
emission element 13, in this case, has concentric field
lines, with the center in correspondence to the section of
the emission element 13 itself.

[0102] The emission element 13 and the detection el-
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ement 14, in the case shown, are disposed parallel to
each other.

[0103] Moreover, the emission element 13 and the de-
tection element 14 are disposed respectively at the upper
and lower end of the heat exchanger 11, that is, with a
peripheral disposition on the heat exchanger 11.

[0104] This peripheral disposition allows to pass
through, with the electromagnetic field generated by the
emission element 13, an ample portion of the heat ex-
changer 11 before detection by the detection element 14.
[0105] To allow the passage and/or the assembly of
the emission element 13 and the detection element 14,
through holes can be provided on the fins 18.

[0106] According to other forms of embodiment, the
control device 10 can comprise monitoring means 22 to
allow a user to monitor the functioning of the heat ex-
changer 11 (fig. 1).

[0107] The monitoring means 22, by way of example,
can allow to display the current and/or tension values
detected by the detector 15.

[0108] According to variant forms of embodiment, the
monitoring means 22 can signal, for example using light
indicators, liquid crystal displays or audio diffusion
means, the presence of ice, frost and/or condensation in
the heat exchanger 11.

[0109] The control device 10 can also comprise adap-
tation means, which allow to adapt the electric quantities
exiting from the detection element 14 to those sustaina-
ble and/or supportable by the detector 15 and/or by the
monitoring means 22.

[0110] The adaptation means can comprise, by way of
example, suitable detection, modulation and encoding
circuits, filters, a preamplifier, an amplifier, an analog/dig-
ital converter, a transformer, or other device known in
the state of the art.

[0111] In possible implementations, the adaptation
means can be integrated in the detector 15.

[0112] According to variant forms of embodiment, a
plurality of emission elements 13 can be provided, con-
figured to generate a plurality of electromagnetic fields
and associated to the same heat exchanger 11 and/or
parts of it.

[0113] The use of several emission elements 13 can
generally allow to investigate a greater portion of the heat
exchanger 11.

[0114] According to some forms of embodiment, the
generation of a plurality of electromagnetic fields, with
different characteristics of frequency and/or intensity,
can allow to detect the position of the ice with precision.
[0115] By way of example, electromagnetic fields can
be generated at different frequencies, by different emis-
sion elements 13, and on the basis of the values detected
on the detection element 14 paths can be identified in
the heat exchanger with a different electric permittivity .
[0116] According to variant forms of embodiment, a
plurality of detection elements 14 can be provided, dis-
tanced from each other, to detect with greater precision
changes in electric permittivity ¢, in determinate direc-
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tions, and to identify, for example, the position of the ice
in the heat exchanger 11.

[0117] In particular, the detection elements 14 can
communicate the possible presence of ice to a single
emission element 13, so that the latter is able to identify
the specific position where the ice has formed.

[0118] With reference tofig. 2, another form of embod-
iment is described, combinable with the form of embod-
imentshown infig. 1, ofa control device 10 in accordance
with the present invention.

[0119] The control device 10 comprises a feeder 23
suitable to supply energy at least to the electric generator
12 and to the detector 15.

[0120] The measuring mean 19 and the processing el-
ement 20 are connected by a first internal line 24a for
the transmission of data.

[0121] The control device 10, in the form of embodi-
ment in fig. 2, also comprises external communication
means 27, for the transmission of data to external appa-
ratuses, in this case a heater 31.

[0122] The heater 31, also called defrosting device,
can be configured to supply heat to the heat exchanger
11, by way of example, selectively making a fluid flow at
high temperature in the coil 16, or activating an electric
resistance.

[0123] In the example form in fig. 2, the external com-
munication means 27 comprise a first external line 29
and a second external line 30, which achieve a connec-
tion between the processing element 20 and the heater
31.

[0124] The external communication means 27 also
comprise a transmitter 28, configured to send data on
the external lines 29, 30.

[0125] Inthe form of embodimentin fig. 2, the process-
ing element 20 is configured to compare, after a suitable
detection, de-modulation and de-coding, the quantity
measured by the measuring mean 19 with at least a
threshold quantity.

[0126] In particular, a direct comparison is made be-
tween parameters supplied by the electric generator 12
and parameters detected by the detector 15, connecting
with a second internal line 24b the electric generator 12
to the processing element 20.

[0127] Supplementary internal lines 26 can also be
provided, for the connection, for example, of the electric
generator 12 and the detector 15 to the feeder 23.
[0128] In particular, in this form of embodiment, the
presence of ice is detected by setting a first threshold
quantity and a second threshold quantity: when these
are exceeded, a semi-defrosting command and a defrost-
ing command are respectively sent to the heater 31.
[0129] The first threshold quantity is set to detect a
smaller amount of ice than the amount of ice detected
with the second threshold quantity, and consequently the
heater 31 delivers a smaller amount of heat with the semi-
defrosting command, compared with the defrosting com-
mand.

[0130] By way of example, the difference between the
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electromagnetic field generated and the electromagnetic
field detected can be used as the threshold quantity.
[0131] In this case, the first external line 29 and the
second external line 30 have a parallel configuration, re-
spectively sending the semi-defrosting command and the
defrosting command.

[0132] According to some forms of embodiment, a tim-
ing device can also be provided, not shown, configured
to achieve timed activations of the heater 31, to further
reduce the probability of ice deposits.

[0133] Itis clear that modifications and/or additions of
parts may be made to the device to control the functioning
of a heat exchanger, the heat exchanger comprising said
device and the corresponding control method as de-
scribed heretofore, without departing from the field and
scope of the present invention.

Claims

1. Device to control the functioning of a heat exchanger
(11), said device comprising:

-acurrentand/or tension electricgenerator (12),
associable to the heat exchanger (11);

- at least an emission element (13), disposed in
an emission point or zone, connected to the
electric generator (12) and associable to the
heat exchanger (11), configured to generate a
medium- or high-frequency electromagnetic
field by means of the electric current and/or ten-
sion generated by said electric generator (12);
- at least a detection element (14), disposed in
a detection point or zone, distanced from the
emission element (13) and not in physical con-
tact with it, and in such a manner that between
the emission element (13) and the detection el-
ement (14) there is a zone (18) of the heat ex-
changer (11), the detection element being con-
figured to detect a value of the electromagnetic
field received in the detection point, with respect
to the value generated by the electric or electro-
magnetic field in the emission point;

- a detector (15), connected to the detection el-
ement (14) to determine functioning conditions
of the heat exchanger (11) as a function of the
electromagnetic field detected in the detection
point or zone,

the device further comprising a frequency gen-
erator (21) configured to determine at least a
frequency with which the electric generator (12)
operates, wherein the frequency generator (21)
is configured to generate a frequency from about
100 kHz to 1 GHz, more preferably from 1 MHz
to 500 MHz, even more preferably from 10 MHz
to 50 MHz, characterised in that the device
further comprises an encoded modulator (32)
configured to create a real and proper signature
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on a signal generated by said electric generator
(12) until the signal is recognized uniquely and
unequivocally even in the presence of distur-
bances of any type, and an encoded de-modu-
lator (33) associated to the detection element
configured to recognize the electromagnetic
field generated by said emission element (13).

2. Control device as in claim 1, characterized in that
the emission element (13) and the detection element
(14) are metal conductors having a shape chosen
from a group comprising:

- an elongated shape, such as a cable or a bar;
- plate-shape;

- mesh-shape;

- spiral-shape;

- solenoid-shape.

3. Control device as in any claim hereinbefore, char-
acterized in that it comprises external communica-
tion means (27), for sending data to external appa-
ratuses, such as a heater (31) or an external con-
troller.

4. Control device as in any claim hereinbefore, char-
acterized in that it comprises a feeder (23) suitable
to supply energy at least to the electric generator
(12) and to the detector (15).

5. Method to control the functioning of a heat exchanger
(11), said method comprising:

- generating an electric current and/or tension;
- generating an electromagnetic field by means
of an electric generator (12) operating at a fre-
quency generated by a frequency generator (21)
from about 100 kHz to 1 GHz, more preferably
from 1 MHz to 500 MHz, even more preferably
from 10 MHz to 50 MHz, with a suitable modu-
lation and encoding method by means of an en-
coded modulator (32) configured to create a real
and proper signature on a signal generated by
said electric generator until the signal is recog-
nized uniquely and unequivocally even in the
presence of disturbances of any type, in the heat
exchanger (11), by means of the electric current
and/or tension generated, in an emission point
or zone;

- detecting the electromagnetic field in a detec-
tion point or zone, distanced from the emission
point or zone with an appropriate de-modulation
and de-coding method by means of an encoded
de-modulator (33), wherein between the emis-
sion point and the detection pointthere is a zone
(18) of the heat exchanger (11);

- determining functioning conditions of the heat
exchanger (11) as a function of the electromag-
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netic field detected.

Heat exchanger comprising a device (10) to control
its functioning as in any claim from 1 to 4.

Heater, configured to supply heat to a heat exchang-
er (11), comprising a device (10) to control the func-
tioning of the heat exchanger (11) as in any claim
from 1 to 4.

Heater as in claim 7, characterized in that the con-
trol device (10) comprises a timer device, configured
to obtain timed activations of the heater.

Patentanspriiche

Vorrichtung zum Steuern der Funktion eines War-
metauschers (11), wobei die Vorrichtung aufweist:

- einen elektrischen Strom- und/oder Span-
nungsgenerator (12), der dem Warmetauscher
(11) zugeordnet werden kann;

-mindestens ein Emissionselement(13), das an
einer Emissionsstelle oder

- zone angeordnet ist, verbunden mit dem Ge-
nerator (12) und dem Warmetauscher (11) zu-
ordenbar, das dafiir ausgelegt ist, mittels des
von dem Generator (12) erzeugten Stroms
und/oder der Spannung ein elektromagneti-
sches Mittel- oder Hochfrequenzfeld zu erzeu-
gen;

- mindestens ein Detektionselement (14), das
an einer Detektionsstelle oder

- zone angeordnet ist, beabstandet von dem
Emissionselement (13) und nicht in physischem
Kontakt mit diesem und zwar derart, dass zwi-
schendem Emissionselement (13) und dem De-
tektionselement (14) eine Zone (18) des War-
metauschers (11) liegt, wobei das Detektionse-
lement dazu ausgelegt ist, einen Wert des an
der Detektionsstelle empfangenen elektromag-
netischen Felds in Bezug auf den von dem elek-
trischen oder elektromagnetischen Feld an der
Emissionsstelle erzeugten Wert zu detektieren;
- einen Detektor (15), der mit dem Detektionse-
lement (14) verbunden ist, um Funktionsbedin-
gungen des Warmetauschers (11) in Abhangig-
keit von dem an der Detektionsstelle oder -zone
detektierten elektromagnetischen Feld zu be-
stimmen, wobei die Vorrichtung ferner einen
Frequenzgenerator (21) aufweist, der dazu aus-
gelegt ist, mindestens eine Frequenz zu bestim-
men, bei der der Generator (12) arbeitet, wobei
der Frequenzgenerator (21) dazu ausgelegt ist,
eine Frequenz von etwa 100 kHz bis 1 GHz,
mehr bevorzugt von 1 MHz bis 500 MHz, noch
mehr bevorzugt von 10 MHz bis 50 MHz, zu er-
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zeugen,
dadurch gekennzeichnet, dass die Vorrich-
tung ferner einen codierten Modulator (32), dazu
ausgelegt, eine reale und echte Signatur auf ei-
nem von dem Generator (12) erzeugten Signal
zu erstellen, bis das Signal auch bei Vorliegen
von Stdrungen irgendeiner Art eindeutig und
zweifelsfrei erkannt wird, und einen codierten
Demodulator (33) aufweist, der dem Detektions-
element zugeordnet und dazu ausgelegt ist, das
von dem Emissionselement (13) erzeugte elek-
tromagnetische Feld zu erkennen.

Steuervorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Emissionselement (13)
und das Detektionselement (14) Metallleiter sind, die
eine Form aufweisen, die aus der Gruppe ausge-
wahlt ist, die umfasst:

- eine langliche Form, wie ein Kabel oder eine
Stange;

- eine Plattenform;

- eine Netzform;

- eine Spiralform;

- eine Solenoidform.

Steuervorrichtung nach einemder vorstehenden An-
spriiche, dadurch gekennzeichnet, dass sie exter-
ne Kommunikationsmittel (27) zum Senden von Da-
ten an externe Einrichtungen, wie eine Heizung (31)
oder einen externen Controller, aufweist.

Steuervorrichtung nach einem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dass sie einen
Speiser (23) aufweist, der geeignet ist, zumindest
dem Generator (12) und dem Detektor (15) Energie
zuzuflhren.

Verfahren zum Steuern der Funktion eines Warme-
tauschers (11), wobei das Verfahren aufweist:

- Erzeugen eines elektrischen Stroms und/oder
einer Spannung;

- Erzeugen eines elektromagnetischen Felds
durch einen Generator (12), der bei einer von
einem Frequenzgenerator (21) erzeugten Fre-
quenz von etwa 100 kHz bis 1 GHz, mehr be-
vorzugt von 1 MHz bis 500 MHz, noch mehr be-
vorzugt von 10 MHz bis 50 MHz, arbeitet, mit
einem geeigneten Modulations- und Codierver-
fahren mittels eines codierten Modulators (32),
der dafiir ausgelegt ist, eine reale und echte Si-
gnatur auf einem von dem Generator erzeugten
Signal zu erstellen, bis das Signal auch bei Vor-
liegen von Stérungen irgendeiner Art eindeutig
und zweifelsfrei erkannt wird, in dem Warme-
tauscher (11) mittels des erzeugten elektrischen
Stroms und/oder der Spannung an einer Emis-
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sionsstelle oder -zone;

- Detektieren des elektromagnetischen Felds an
einer Detektionsstelle oder

- zone, die von der Emissionsstelle oder -zone
beabstandet ist, mit einem passenden Demo-
dulations- und Decodierverfahren mittels eines
codierten Demodulators (33), wobei zwischen
der Emissionsstelle und der Detektionsstelle ei-
ne Zone (18) des Warmetauschers (11) liegt;

- Bestimmen von Funktionsbedingungen des
Warmetauschers (11) in Abhangigkeit von dem
erkannten elektromagnetischen Feld.

Warmetauscher, aufweisend eine Vorrichtung (10)
zum Steuern seiner Funktion nach einem der An-
spriiche 1 bis 4.

Heizung, die dazu ausgelegt ist, einem Warmetau-
scher (11) Warme zuzufiihren, aufweisend eine Vor-
richtung (10) zum Steuern der Funktion des Warme-
tauschers (11) nach einem der Anspriiche 1 bis 4.

Heizung nach Anspruch 7, dadurch gekennzeich-
net, dass die Steuervorrichtung (10) eine Zeitsteu-
erungsvorrichtung aufweist, die dafiir ausgelegt ist,
Zeitaktivierungen der Heizung zu erhalten.

Revendications

Dispositif pour lacommande du fonctionnement d’'un
échangeur de chaleur (11), ledit dispositif
comprenant :

- un générateur électrique de courant et/ou de
tension (12), pouvant étre associé al'’échangeur
de chaleur (11) ;

- au moins un élément d’émission (13), situé
dans un point ou une zone d’émission, connecté
au générateur électrique (12) et pouvant étre
associé a I'échangeur de chaleur (11), congu
pour générer dans celui-ci un champ électroma-
gnétique a moyenne ou haute fréquence au
moyen du courant et/ou de la tension électriques
générées par ledit générateur électrique (12) ;

- au moins un élément de détection (14), situé
dans un point ou une zone de détection, a dis-
tance de I'élément d’émission (13) sans étre en
contact avec celui-ci, et de fagon qu'’il y ait une
zone (18) de I'échangeur de chaleur (11) entre
I'élément d’émission (13) et I'élément de détec-
tion (14), I'élément de détection étant congu
pour détecter une valeur du champ électroma-
gnétique regu dans le point de détection par rap-
port a la valeur générée par le champ électrique
ou électromagnétique dans le point d’émission ;
- un détecteur (15), connecté a I'élément de dé-
tection (14) pour déterminer des conditions de
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fonctionnement (11) en fonction du champ élec-
tromagnétique détecté dans le point ou la zone
de détection, le dispositif comprenant égale-
ment un générateur de fréquence (21) congu
pour déterminer au moins une fréquence de
fonctionnement du générateur électrique (12),
dans lequel le générateur de fréquence (21) est
congu pour générer une fréquence de 100 kHz
a 1 HGz, de préférence d’'1 MHz a 500 MHz, de
préférence encore de 10 MHz a 50 MHz, carac-
térisé en ce que le dispositif comprend égale-
ment un modulateur codé (32) congu pour créer
une véritable signature sur un signal générée par
ledit générateur électrique (12) jusqu’a ce que
le signal soit reconnu de fagon unique et non
équivoque méme en présence de bruit de n'im-
porte quel type, etun démodulateur (33) associé
a l'élément de détection congu pour reconnaitre
le champ électromagnétique généré par ledit
élément d’émission (13).

Dispositif de commande selon la revendication 1,
caractérisé en ce que I'élément d’émission (13) et
I'élément de détection (14) sont des conducteurs
métalliques ayant une forme choisie dans un groupe
comprenant :

- une forme allongée, tel qu’un céble ou une bar-
re;

- une forme de plaque ;

- une forme de filet ;

- une forme en spirale ;

- une forme de solénoide.

Dispositif de commande selon n'importe laquelle des
revendications précédentes, caractérisé en ce qu’il
comprend des moyens de communication externe
(27), pour I'envoi de données vers des appareils ex-
ternes, comme un réchauffeur (31) ou un contréleur
externe.

Dispositif de commande selon n'importe laquelle des
revendications précédentes, caractérisé en ce qu’il
comprend un chargeur (23) apte a fournir de I'éner-
gie au moins au générateur électrique (12) et au dé-
tecteur (15).

Procédé de commande du fonctionnement d’un
échangeur de chaleur (11), ledit procédé compre-
nant les étapes consistant a

- générer un courant et/ou une tension électri-
ques

- générer un champ électromagnétique au
moyen d’un générateur électrique (12) fonction-
nantaunefréquence générée parun générateur
de fréquence (21) d’environ 100 kHz a 1 GHz,
de préférence d’1 MHz a 500 MHz, de préféren-
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ce encore de 10 Mhz a 50 MHz, par un procédé
appropri¢ de modulation et de codage, au
moyen d’'un modulateur codé (32) congu pour
créer une véritable signature sur un signal gé-
néré par ledit générateur électrique jusqu’a ce
que le signal ne soit reconnu de fagon unique
et non équivoque, méme en présence de bruit
den’importe queltype, dans'’échangeur de cha-
leur (11), au moyen du courant et/ou de la ten-
sion électriques générés, dans un point ou une
zone d’émission ;

- détecter le champ électromagnétique dans un
point ou une zone de détection, a distance du
point ou la zone d’émission par un procédé ap-
propri¢ de démodulation et de décodage au
moyen d’'un démodulateur codé (33), dans le-
quel une zone (18) de I'échangeur de chaleur
(11) est située entre entre le point d’émission et
le point de détection ;

- déterminer des conditions de fonctionnement
de I'échangeur de chaleur (11) en fonction du
champ électromagnétique détecte.

Echangeur de chaleur comprenant un dispositif (10)
de commande de son fonctionnement selon n’'im-
porte laquelle des revendications 1 a 4.

Réchauffeur congue pour fournir de la chaleur a un
échangeur de chaleur (11), comprenant un dispositif
(10) pour commander le fonctionnement de I'’échan-
geur de chaleur (11) selon n’importe laquelle des
revendications 1 a 4.

Réchauffeur selon la revendication 7, caractérisé
en ce que le dispositif de commande (10) comprend
un dispositif de temporisation, congu pour obtenir
des activations temporisées du réchauffeur.
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