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Description

[0001] The presentinvention refers to a device for gen-
erating fog and to an operating method of such device.
[0002] In particular, the present invention refers to a
steam generating system, through electric heating of a
liquid circulating in pipes or ducts.

[0003] Fog-generating apparatus are known, for theft
prevention, entertainment, screening, defence purposes
and the like, pressurized or connected downstream to at
least one pump and a heat exchanger to allow taking to
the vapour phase the liquid contained in the tank. The
size of the thermal exchange surface of the heat ex-
changer depends on the value of the desired thermal
power necessary to allow forming the fog.

[0004] The prior art of fog-generating apparatuses, for
example given by patent US5706389A, deals with a de-
vice for evaporating the liquids for generating fog com-
prising an electrically heated heat exchanger. Such de-
vice makes it possible to quickly heat the liquids to be
evaporated in a predetermined range of temperatures
through the wall of the heat exchanger. The heat ex-
changer made of an electrically conductive material is
connected to a source of electric energy for a direct heat-
ing.

[0005] A problem to be taken into account in fog-gen-
erating apparatuses deals with the heating time of the
exchanger. Preferably, the heat exchanger must go to
its thermal steady state in about one, two seconds. To
do this, the heat exchanger must be optimized according
to three parameters: total thermal mass; electric resist-
ance; structural resistance. Patent US5706389A deals
with and solves the problem of the heating time of the
heat exchanger through a device for evaporating liquids
comprising at least one section composed of an alloy of
about 55% of copper and about 45% of nickel, the re-
maining part of such heat exchanger being of stainless
steel. Preferably, such heat exchanger is a round tube
with an internal diameter from 0.3 to 1 mm, with the wall
of such tube having a thickness from 0.1 to 0.3 mm and
a length from 120 to 1000 mm.

[0006] However, with these materials it is not possible
to quickly reach the final temperature. For this reason,
the device disclosed in patent US5706389A is unsuitable
for anti-theft applications.

[0007] Anotherproblem to be takeninto accountin fog-
generating apparatuses deals with the need of measur-
ing the temperature of the heat exchanger. Generally,
the temperature quickly changes, both spot by spot and
in time. For this reason, it is not possible to measure the
temperature with a normal thermocouple, the thermom-
eter mass being high with respect to the local mass of
the exchanger, with the result of altering the measure
with respect to reality. Moreover, such type of measure
would have the limit, in any case, of being performed in
a spotand with a delay given by the time constant caused
by the thermometer mass. Also this aspect becomes im-
portant, above all when there are very short time con-
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stants of the heater. Such discrepancy in response times
could bring about an overheating and the consequent
heater melting. However, it is necessary to be able to
determine the current temperature of the heat exchanger
section by section. This preferably implies the measure
of the electric resistance. The heating current s also pref-
erably controlled section by section, depending on the
measured electricresistance. Patent US5706389A deals
with ahd solves the problem of measuring the tempera-
ture of the heat exchanger through a portion of the heat
exchanger designed to operate as a heating resistance
having a low temperature coefficient. Such portion is di-
rectly used as measuring resistor of the temperature of
the heat exchanger connected in parallel to an electronic
unit, preferably arranged between the heat exchanger
and the supply source. The electronic unit output is di-
rectly connected to the supply source. This implies hav-
ing to use as measuring resistance a particularly costly
material, which can be found with difficulty in tubes, such
as constantan.

[0008] US-A-5706 389, US-A-5937 141, US-A-5 870
524 and WO-A1-94/07223 disclose prior art devices for
generating fog.

[0009] Object of the present invention is solving the
above prior art problems, by providing a device for gen-
erating fog capable to operate through the measure of
an electric potential difference to thermally check the
pressurized fluid before of vaporizing the pressurized flu-
id.

[0010] A further object of the present invention is pro-
viding a device for generating fog capable of continuously
operate, above all in case of an electric current interrup-
tion.

[0011] A further object of the present invention is pro-
viding a device for generating fog in which it is possible
to increase the latency time without electric supply.
[0012] A further object of the present invention is pro-
viding a device capable of substantially cancelling the
self-consumption during the stand-by pauses, in order to
save energy.

[0013] Another object of the present invention is pro-
viding an operating method of a device for generating
fog through which itis possible to control the heating time
of the heat exchanger in order to reach the standby tem-
perature in one, two seconds, in addition to control the
temperature value of a device subjected to sudden tem-
perature gaps.

[0014] A further object of the present invention is pro-
viding an operating method of a device for generating
fog through which it is possible to control and optimize
the temperature distribution.

[0015] The above and other objects and advantages
of the invention, as will appear from the following descrip-
tion, are reached with a device for generating fog, as
claimed in claim 1, and with an operating method of a
device for generating fog as claimed in claim 8.

[0016] Preferred embodiments and non-trivial varia-
tions of the present invention are the subject matter of
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the dependent claims.

[0017] It is intended that all enclosed claims are an
integral part of the present description.

[0018] It will be immediately obvious that numerous
variations and modifications (for example related to
shape, sizes, arrangements and parts with equivalent
functionality) can be made to what is described, without
departing from the scope of the invention as appears
from the enclosed claims.

[0019] The present invention will be better described
by some preferred embodiments thereof, provided as a
non-limiting example, with reference to the enclosed
drawings, in which:

- Figure 1 shows an operating diagram of an embod-
iment of the device for generating fog according to
the present invention;

- Figure 2 shows an axonometric view of some com-
ponents of an embodiment of the device for gener-
ating fog according to the present invention;

- Figure 3 shows a first connection diagram of the em-
bodiment of the device of Figure 1;

- Figure 4 shows a second connection diagram of the
embodiment of the device of Figure 1; and

- Figures 5, 6 show an axonometric view of an assem-
bly of an embodiment of the device for generating
fog according to the present invention.

[0020] With reference to Figure 1, itis possible to note
thata device for generating fog 1 according to the present
invention comprises atleast one heat exchanger 10 elec-
trically heated to be able to vaporize at least one pres-
surized fluid, pressurizing means 20 to be able to send
the fluid from at least one tank 30 towards the heat ex-
changer 10, at least one electronic unit 40 to control the
temperature of the heat exchanger 10 and the operation
of the pressurizing means 20.

[0021] Advantageously, the heat exchanger 10 com-
prises tubular elements in contact with the pressurized
fluid, each tubular element being subjected to an electric
potential difference to thermally check the pressurized
fluid, before and during the vaporizing step of the pres-
surized fluid.

[0022] In particular, the tubular elements of the heat
exchanger 10 comprise at least one thin wall composed
of at least one first layer of structurally resisting material
and of at least one second layer of material having a high
electric conductivity to obtain an optimum value of equiv-
alent electric resistance, without having to increase the
thermal mass of the heat exchanger 10.

[0023] According to a preferred variation, the tubular
elements of the heat exchanger 10 comprise at least one
thin wall made of titanium, the titanium being at the same
time a structurally resisting material and an optimum
electric conductor to obtain an optimum value of equiv-
alent electric resistance, without having to increase the
thermal mass of the heat exchanger 10.
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[0024] Preferably, the heat exchanger 10 is composed
of a pair of sections 11 and 12 of tubular elements, each
section of such pair of sections 11 and 12 being supplied
with a proper electric voltage and connected to a control
unit 41 and 42 to allow controlling the operation of the
pressurizing means 20, in order to keep constant the low-
er of the temperatures detected between those of the
control units 41 and 42 in order to exploit the maximum
absorbed power.

[0025] In apparatuses with limited performances, the
heat exchanger 10 can be made of a single section of
tubular elements.

[0026] With reference to Figure 2, each of such sec-
tions of tube 11 and 12 comprises at least one portion
111, 121 adapted to operate as a resistor to allow com-
puting the weighed mean of the steady state temperature
of the respective section of tube 11 and 12, through the
control units 41 and 42. Moreover, each of such sections
of tube 11 and 12 comprises at least one portion 112,
122 composed of a tubular serpentine adapted to operate
as fluid super-heater.

[0027] With reference to Figure 3, the sections of tube
11 and 12 are connected in parallel through the portions
111, 121 operating as resistor, and in series through the
portions 112, 122 operating as fluid super-heater, to allow
vaporizing high fluid flow rates.

[0028] With reference to Figure 4, the sections of tube
11 and 12 are connected in series through the portions
111, 121 operating as resistor, and in series through the
portions 112, 122 operating as fluid super-heater.
[0029] According to a preferred configuration, each of
such sections of tube 11, 12 is electrically connected to
at least one accumulator 60 of the electrochemical type
and a low electric voltage to allow almost instantaneously
heating the heat exchanger 10 and basically cancel the
internal losses of heating energy.

[0030] The first 41 or second 42 control unit shows an
estimation of the current delivered by the accumulator
60. Such estimation is computed through the value of the
voltage drop measured in at least one of such portions
111, 121 to allow knowing the status of the accumulator
60, in terms of electric charge, performance drop due to
ageing, possible need for a replacement.

[0031] In particular, such atleast one portion 111, 121
is kept cooled. According to a preferred configuration,
such at least one portion 111, 121 is cooled by the fluid
circulating in the device 1.

[0032] In particular, such electronic unit 40 is pro-
grammed to allow substantially cancelling the self-con-
sumption during the operating pauses, in order to save
energy.

[0033] The present invention further deals with an op-
erating method to allow optimizing the heating times and
maximizing the thermal power transferred to a fluid of a
device for generating fog 1 as previously described, such
method comprising the following steps:

- dry heating the heat exchanger 10;



5 EP 3 443 263 B1 6

- controlled starting the pressurizing means 20 to send
fluid along the sections of tube 11, 12, till the tem-
perature measured in at least one of such sections
of tube 11, 12 starts decreasing;

- checking the operation of the pressurizing means
20, in order to keep constant the temperature of the
section of tube 11, 12 which cools first in order to
have the maximum available power.

[0034] The device for generating fog of the present in-
vention allows obtaining the stated objects.

[0035] In particular, in case of anti-theft apparatuses,
for which a continuous operation is required, above all in
case of electric current interruption, the heat exchanger
is dimensioned with a big thermal mass and thermally
insulated from the external environment. The ratio be-
tween the thermal capacity and the thermal resistance,
in this type of apparatuses, generates a certain time con-
stant, for which, starting from the instant in which the
electric supply drops, the expected performances can
quickly decay till they stop. In particular, under stand-by
conditions, in which the apparatus passes its vast ma-
jority of its lifetime, an energy self-consumption appears,
caused by unavoidable losses of thermalinsulation. Such
self-consumption can be a strong economic loss and this
practice can result in a yearly cost equal to 25% of the
purchase value of an apparatus having a high class and
equal to halfthe purchase value of a machine with a lower
insulation class, namely a machine which absorbs much
more energy.

[0036] Another solved object of the present invention
is the functionality time without electric supply. The func-
tionality time is necessarily limited and the risk of theft
with "preventive disconnection" is not wholly cancelled if
it is not possible to timely intervene in case of lack of
current. The device of the present invention allows stor-
ing Energy, instead of in a thermal mass to be kept hot
and thermally insulated, by accumulating energy in an
accumulator of the electrochemical type, preferably with
acid lead, and by quickly extracting it upon use. Such
quick extraction, deemed critical and at the same time
indispensable for an anti-theft application, makes it nec-
essary to minimize the thermal mass of the exchanger,
by taking in temperature the exchanger itself before in-
serting therein the fog-generating fluid. It goes without
saying that the time constant of the system at start-up is
directly proportional to the thermal mass/inserted power
ratio.

[0037] Inits simplest form, the apparatus consists in a
tubular serpentine made of conducting material, adapted
to operate as a resistor. In such resisting tubular serpen-
tine, in which current from the battery is made pass
through a suitable control unit, the relevant currents are
on the order of hundreds to thousands of Amperes. In
the same tubular serpentine, once having reached the
temperature which is monitored in order to close a suit-
able control ring through the control unit, the fog gener-
ating fluid is injected through a pump from an atmospheric
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tank, namely through a valve with fixed or variable open-
ing from a pressurized tank. Passing in the tubular ser-
pentine, the fluid is vaporized, taken to the saturated
steam phase and delivered to the environment through
a suitable nozzle. The high emission speed makes steam
divided into small condensing centres which, by getting
cooled due to the contact with the colder air, condensate
into very small drops which will scatter light, causing the
so-called white-out phenomenon, with absolute fog, pro-
tecting the environment.

[0038] The heating time of the heat exchanger is a crit-
ical element to be able to make an efficient anti-theft de-
vice. The ideal situation would be that the heat exchanger
is made in order to reach its standby temperature of re-
gime in one, two seconds. This objective can be reached
by optimizing the following parameters: total thermal
mass of the heat exchanger - so that, upon increasing
the thermal mass, necessary time and energy must in-
crease - and electric resistance of the serpentine in order
to be perfectly suited to the battery impedance; structural
resistance of the apparatus subjected to a fluid pressure.
The first obvious choice could be stainless steel, a me-
chanically resistant metal, which can technologically be
made in resisting tubes but with a small thickness, in
order to minimize the thermal capacity, but unfortunately
equipped with a too high resistivity for the application. In
fact a serpentine made of stainless steel, if made by min-
imizing the metal with a very thin tube, would have an
excessive electric resistance to be able to deliver enough
power with 12-Volt battery voltages, If instead made by
optimizing the electric resistance to be able to work at 12
Volts, it would have too big a mass and would need tens
and tens of seconds to reach its temperature, in spite of
the increased power. From atechnologic and commercial
point of view, it would be very important to succeed in
making an apparatus which works with voltages on the
order of 12 Volts, in order to exploit common batteries
which are sold in the automotive and electric traction mar-
kets, which are thereby cheap and reliable.

[0039] For this purpose, three solutions are known ac-
cording to the foreseen intervention of changing the elec-
tric resistance, the electric voltage or the chemical-phys-
ical characteristics of the material.

[0040] Change of electric resistance: this solution con-
sists in making the tubular serpentine of stainless steel
with the technologically minimum thickness possible to
obtain a suitable mechanic resistance; whichever other
metal equipped with enough resistivity and mechanical
resistance can be used as well for such purpose, and
afterwards coating through galvanic processes or vacu-
um coating such tubular serpentine with a thin layer of
an optimum conducing metal, for example: copper, gold,
etc. In this way, it is possible to regulate the equivalent
electric resistance of the serpentine till the optimum value
is obtained without having to increase the exchanger
mass.

[0041] Change of the electric voltage: this solution con-
sists in increasing the supply voltage till the necessary
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power is reached in a tubular serpentine made of stain-
less steel, copper or whichever other material. In this
case an optimum compromise can be found for any ma-
terial equipped with enough mechanical resistance, with
the risk however of having to manage dangerous voltag-
es, which are costly to reach with the batteries, in case
of a high resistivity metal. The same is valid for the op-
posite case, namely a metal with low resistivity, in cui a
current of several thousands of Amperes has to be man-
aged.

[0042] Choice of chemical-physical characteristics of
the material. The applicant of the present invention has
located the metal which optimized the voltage operation
of a conventional 12 or 24 V battery. For this reason, the
tubular serpentine is preferably made of titanium, a shape
of a tube with thin wall capable of reaching 12 Volt with
awarm up time shorter than three seconds. Alternatively,
an optimum material for the serpentine could be made
through layering ordinary metals with complementary
electric and physical characteristics, such as for example
stainless steel, copper, gold.

[0043] Another problem solved with the presentinven-
tion deals with checking the value of the temperature of
the heat exchanger. A normal thermocouple does not
allow measuring the temperature of a tubular serpentine
which therefore quickly changes. In fact, due to the in-
determination principle between two related quantities,
the thermometer mass being high with respect to the local
mass of the tubular serpentine would affect the measure
too much. Moreover, the measure would be performed
in any case in a spot and with a delay given by the time
constant caused by the thermometer mass. For this rea-
son, the choice has been measuring the resistance of
the tubular serpentine itself with a volt-ampere method,
comparing it with the voltage drop on a smallload in series
composed of a sample element, in this case a tubular
portion of the heat exchanger adapted to operate as a
resistor. Knowing with enough accuracy the resistance
of the sample element, it is also possible to estimate the
current delivered by the battery, in this case the electro-
chemical accumulator, inferring deductions on its charge
and health status, tillone is able to signal the performance
drop due to ageing and the need for a replacement. Such
test can be performer without the need of delivering fog,
being it enough to simply take the device to its temper-
ature.

[0044] Given the currents used, however, it is not
enough to make a direct comparison assuming that the
temperature of the sample element is not affected either
by the circulating current or by conduction hearing: in
fact, the sample element is heated a lot by changing its
internal resistance. In order to reduce this phenomenon,
the fog generating fluid has been directly exploited to-
gether with its circulation. In particular, the loads of the
sample element have been made of a tubular shape and
the fluid has been made circulate before in them and then
in the tubular serpentine. In this way, their temperature
is stabilized, thereby allowing an enough accurate meas-
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ure for its purposes.

[0045] The use of this technique further allows making
a weighed mean measure of the temperature, not being
affected by possible too hot or too cold spots. Obviously,
it is possible in principles not to check the temperature
of the tubular serpentine, but the risk is overheating the
fluid, making it degenerate, and one is almost compelled
not to thermally insulate the tubular serpentine to make
the thermal system less unstable.

[0046] Another problem solved by the present inven-
tion deals with controlling and optimizing the temperature
distribution. Inside the tubular serpentine several phe-
nomena occur, du to the phase variation of the fluid, or
depending on cavitation due to excess of inserted power,
local boiling only on the surface, which creates a layer
of insulating gas between the wall of the tubular serpen-
tine and the liquid. Such phenomena can change the
process of removing heat. The local temperature lower-
ing under a higher absorption condition creates a local
temperature lowering also of the tubular serpentine in
that spot. This effect reduces the resistivity in the cooled
section, the metals have a positive temperature coeffi-
cient of the resistivity, consequently linearly reducing the
dissipated power in that section. This effect causes a
positive reaction of the local system, which further cools
the already cooled section. In other words, adevice which
tries in a single stage to obtain the complete vaporization
can be locally unstable. To obtain the stabilization in this
case, the thermal mass/device power ratio can be re-
duced.

[0047] To avoid having to recur to this reduction, the
exchanger can be divided into several tubular serpen-
tines, each with one, preferably two, independent control
ring.

[0048] Finally, the operating method of the device of
the present invention allows optimizing the heating times
and maximizing the thermal power transferred to a fluid
for generating fog. Through a control algorithm, it is pos-
sible to optimize the warm-up times and maximize the
power transferred to the fluid. Upon turning on, each sec-
tion of tube goes to its final temperature. At that time,
fluid is inserted in a controlled way, starting from zero,
till the first section of tube cannot keep any more the
steady state temperature value. This point is the maxi-
mum flow that the device can support and manage. Now,
the pump speed is regulated in order to keep constant
the temperature of the section of tube which cools first.
In the other sections of tube, their temperature is self-
regulated in order to keep it constant.

[0049] Various connection schemes can be made for
the tubular sections in which fluid passes, suitably com-
bined according to the fluid being treated, depending on
flow-rate and type of fog generating fluid to be vaporized.
[0050] With reference to Figure 3, a scheme suited to
a device for generating fog with high flow-rate allows re-
ducing the load losses through a preheating along sec-
tions of tube in parallel, when fluid is in its liquid phase,
namely with more resistance to sliding and better thermal
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inertia, and through an overhearing along sections of
tube in series, when the fluid tends to its overheated va-
pour phase. Thereby, fluid slows down in the first ducts,
by 1/n, where n is the number of ducts and accelerates
nexttothe super-heaterin series for the final evaporation,
where the maximum flow speed is needed, to guarantee
a more violent shot.

[0051] With reference to Figures 5, 6, a preferred con-
figuration of the device for generating fog 1 of the present
invention comprises:

- aroom 2 containing the tank 30. The tank 30 is a
pressurized bag connected to pressurizing means
comprising a valve, not shown. Alternatively, the tank
30 can be of the type connected to pressurizing
means 20 comprising a pump;

- anozzle 3;

- signalling LEDs 4;

- battery cables output 5;

- a 230-Volt connector 6;

- venting holes 7;

- USB;

- cables input 8;

- fan output 9.

Claims

1. Deviceforgenerating fog (1), comprising atleastone
heat exchanger (10) electrically heated to be able to
vaporize at least one pressurized fluid, pressurizing
means (20) to be able to send the fluid from at least
one tank (30) towards said heat exchanger (10), at
least one electronic unit (40) to control the temper-
ature of said heat exchanger (10) and the operation
of said pressurizing means (20), said heat exchanger
(10) comprising tubular elements in contact with said
pressurized fluid, each of said tubular elements be-
ing subjected to an electric potential difference to
thermally control said pressurized fluid controlling
the operation of said pressurizing means, before and
during a vaporizing step of said pressurized fluid,

characterized in that said heat exchanger (10)
is composed of a pair of sections (11, 12) of tu-
bular elements, each section of said pair of sec-
tions (11, 12) being supplied with an electric volt-
age and connected to a control unit (41, 42) to
allow detecting the temperature of the respec-
tive section and

controlling the operation of said pressurizing
means (20), in order to keep constant the lower
of the temperatures detected between those of
the control units (41, 42) in order to exploit an
absorbed power, each of said sections of tube
(11, 12) comprising at least one portion (111,
121) adapted to operate as a resistor to allow
computing the weighed mean of the steady state

10

15

20

25

30

35

40

45

50

55

temperature of the respective section of tube
(11, 12) through the control unit (41, 42), each
of said sections of tube (11, 12) comprising at
least one portion (112, 122) composed of a tu-
bular serpentine adapted to operate as fluid su-
per-heater.

Device for generating fog (1) according to the previ-
ous claim, characterized in that said tubular ele-
ments of said heat exchanger (10) comprise at least
one thin wall composed of at least one first layer of
structurally resisting material and of at least one sec-
ond layer of material having a high electric conduc-
tivity to obtain a value of equivalent electric resist-
ance, without having to increase the thermal mass
of said heat exchanger (10) .

Device for generating fog (1) according to claim 1,
characterized in that said tubular elements of said
heat exchanger (10) comprise at least one thin wall
made of titanium, titanium being a structurally resist-
ing material and at the same time an optimum electric
conductor to obtain a value of equivalent electric re-
sistance, without having to increase the thermal
mass of said heat exchanger (10).

Device for generating fog (1) according to claim 1,
characterized in that said sections of tube (11, 12)
are connected in parallel through the portions (111,
121) operating as resistor, and in series through the
portions (112, 122) operating as fluid super-heater.

Device for generating fog (1) according to claim 1,
characterized in that said sections of tube (11, 12)
are connected in series through the portions (111,
121) operating as resistor, and in series through the
portions (112, 122) operating as fluid super-heater.

Device for generating fog (1) according to any one
of the previous claims, characterized in that each
of said sections of tube (11, 12) is electrically con-
nected to an accumulator (60), said accumulator (60)
being of the electrochemical type, and in that said
control unit (41, 42) shows an estimation of the cur-
rent delivered by said accumulator (60), the estima-
tion being computed through the value of the voltage
drop measured in said at leastone portion (111, 121)
to allow knowing the status of said accumulator (60),
in terms of electric charge, performance drop due to
ageing, possible need for a replacement.

Device for generating fog (1) according to claim 1,
characterized in that said at least one portion (111,
121)is cooled by the fluid circulating in the device (1).

Operating method to allow optimizing heating times
and maximizing thermal power transferred to a fluid
of a device for generating fog (1) according to any
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one of the previous claims, characterized in that it
comprises the following steps:

- dry heating the heat exchanger (10);

- controlled starting the pressurizing means (20)
to send the fluid along a pair of sections of tube
(11, 12) of the tubular elements, till a tempera-
ture measured in at least one of said sections
of tube (11, 12) starts decreasing;

- controlling the operation of the pressurizing
means (20) through a measure of an electric po-
tential difference in the tubular elements, in or-
der to keep constant the temperature of the sec-
tion of tube (11, 12) of said pair of sections of
tube (11, 12) which cools first in order to have
the maximum available power.

Patentanspriiche

1.

Nebelerzeugungsvorrichtung (1), umfassend min-
destens einen elektrisch beheizten Warmetauscher
(10), um mindestens ein Fluid unter Druck verdamp-
fen zu kénnen, Druckbeaufschlagungsmittel (20),
um zu ermdglichen, dass das Fluid aus mindestens
einem Tank (30) beférdert wird zu dem Warmetau-
scher (10), mindestens eine elektronische Steuer-
einheit (40) zum Steuern der Temperatur des War-
metauschers (10) und des Betriebs der Druckbeauf-
schlagungseinrichtung (20), wobei der Warmetau-
scher (10) réhrenférmig ist Elemente in Kontakt mit
dem unter Druck stehenden Fluid, wobei jedes der
réhrenférmigen Elemente vor und wahrend eines
Verdampfungsschritts des unter Druck stehenden
Fluids einer elektrischen Potentialdifferenz ausge-
setzt wird, um das unter Druck stehende Fluid ther-
misch zu steuern,

dadurch gekennzeichnet, dass der Warmetau-
scher (10) durch ein Paar Abschnitte (11, 12) rohr-
férmiger Elemente gebildetist, wobeijeder Abschnitt
des Paars Abschnitte (11, 12) mit seiner eigenen
elektrischen Spannung versorgt und mit einer Steu-
ereinheit (41, 42) verbunden ist, um zu ermdglichen,
die Temperatur des jeweiligen Abschnitts zu erfas-
sen und den Betrieb der Druckbeaufschlagungsein-
richtung (20) zu steuern, um die niedrigere der er-
fassten Temperaturen unter denen der Steuerein-
heit (41, 42) konstant zu halten. um die maximal ab-
sorbierte Leistung auszunutzen, wobei jeder der
Rohrabschnitte (11, 12) mindestens einen Abschnitt
(111, 121) umfasst, der geeignet ist, als Widerstand
zu fungieren, um die Berechnung des gewichteten
Mittelwerts der stationaren Temperatur zu ermdgli-
chen jeweiligen Rohrabschnitt (11, 12) mittels der
Steuereinheit (41, 42), wobei jeder der Rohrab-
schnitte (11, 12) mindestens einen Abschnitt (112,
122) umfasst, der durch eine réhrenférmige Spule
gebildetist, die in der Lage ist, als a sur Flssigkeits-
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erhitzer.

Nebelerzeugungsvorrichtung (1) nach dem vorher-
gehenden Anspruch, dadurch gekennzeichnet,
dass die réhrenformigen Elemente des Warmetau-
schers (10) mindestens eine diinne Wand aufwei-
sen, die durch mindestens eine erste Schicht aus
strukturell widerstandsfahigem Material und durch
mindestens a gebildetist eine zweite Materialschicht
mit hoher elektrischer Leitfahigkeit, um einen opti-
malen Wert des aquivalenten elektrischen Wider-
stands zu erhalten, ohne die thermische Masse des
Warmetauschers (10) erhéhen zu missen.

Nebelerzeugungsvorrichtung (1) nach Anspruch 1,
dadurch gekennzeichnet, dass die réhrenférmi-
gen Elemente des Warmetauschers (10) mindes-
tens eine dinne Wand aus Titan umfassen, wobei
Titan ein strukturell widerstandsfahiges Material und
gleichzeitig ein ausgezeichneter Leiter ist elektri-
schen Widerstand, um einen optimalen Wert des
aquivalenten elektrischen Widerstands zu erhalten,
ohne die thermische Masse des Warmetauschers
(10) erhéhen zu missen.

Nebelerzeugungsvorrichtung (1) nach Anspruch 1,
dadurch gekennzeichnet, dass die Rohrabschnit-
te (11, 12) mittels der als Widerstand arbeitenden
Abschnitte (111, 121) parallel und mittels in Reihe
geschaltet sind die Abschnitte (112, 122) wirken als
Fluidiiberhitzer.

Nebelerzeugungsvorrichtung (1) nach Anspruch 1,
dadurch gekennzeichnet, dass die Rohrabschnit-
te (11, 12) mittels der als Widerstand wirkenden Ab-
schnitte (111, 121) in Reihe und mittels in Reihe ge-
schaltet sind die Abschnitte (112, 122) wirken als
Fluidiiberhitzer.

Nebelerzeugungsvorrichtung (1) nach einem der
vorhergehenden Anspriiche, dadurch gekenn-
zeichnet, dass jeder der Rohrabschnitte (11, 12)
elektrisch mit einem Akkumulator (60) verbunden ist,
wobeider Akkumulator (60) elektrochemisch Typ ist,
und dadurch, dass die Steuereinheit (41, 42) eine
Schéatzung des von dem Akkumulator (60) geliefer-
ten Stroms meldet, wobeidie Schatzung anhand des
Werts des Spannungsabfalls berechnet wird, der in
dem mindestens einen Abschnitt (111, 121), um den
Zustand des Akkumulators (60) in Bezug auf elek-
trische Ladung, Leistungsabfall aufgrund von Alte-
rung, moglichen Austauschbedarf erkennen zu kén-
nen.

Nebelerzeugungsvorrichtung (1) nach Anspruch 1,
dadurch gekennzeichnet, dass der mindestens ei-
ne Abschnitt (111, 121) durch das in der Vorrichtung
(1) zirkulierende Fluid gekuiihlt gehalten wird.
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Betriebsverfahren zum Optimieren der Heizzeiten
und Maximieren der auf ein Fluid einer Nebelerzeu-
gungsvorrichtung (1) Ubertragenen Warmeleistung
nach einem der vorhergehenden Anspriiche, da-
durch gekennzeichnet, dass es die folgenden
Schritte umfasst:

- Trockenheizung des Warmetauschers (10);

- gesteuertes Starten der Druckbeaufschla-
gungseinrichtung (20), um das Fluid entlang der
Rohrabschnitte (11, 12) der rohrférmigen Ele-
mente zu schicken, bis die in mindestens einem
der Rohrabschnitte (11, 12) gemessene Tem-
peratur zu sinken beginnt;

- Steuerung des Betriebs der Druckbeaufschla-
gungseinrichtung (20) durch Messen einer elek-
trischen Potentialdifferenz in den Rohrelemen-
ten, um die Temperatur des Rohrabschnitts (11,
12)des Paars von Rohrabschnitten (11, 12) kon-
stant zu halten. der zuerst abkihlt, um die ma-
ximale Leistung zur Verfligung zu haben.

Revendications

Dispositif de génération de brouillard (1), compre-
nant au moins un échangeur de chaleur (10) chauffé
électriquement pour pouvoir vaporiser au moins un
fluide sous pression, des moyens de pressurisation
(20) pour permettre I'envoi du fluide depuis au moins
un réservoir (30) vers ledit échangeur de chaleur
(10), au moins une unité de commande électronique
(40) pour contrbler la température dudit échangeur
de chaleur (10) et le fonctionnement desdits moyens
de pressurisation (20), ledit échangeur de chaleur
(10) comprenant des tubes des éléments en contact
avec ledit fluide sous pression, chacun desdits élé-
ments tubulaires étant soumis a une différence de
potentiel électrique pour contréler thermiquementle-
dit fluide sous pression, avant et pendant une étape
de vaporisation dudit fluide sous pression,

caractérisé en ce que ledit échangeur de chaleur
(10) est formé par une paire de sections (11, 12)
d’éléments tubulaires, chaque section de ladite paire
de sections (11, 12) étant alimentée avec sa propre
tension électrique et connectée a une unité de com-
mande (41, 42) pour permettre de détecter la tem-
pérature de la section respective et de contrbler le
fonctionnement desdits moyens de pressurisation
(20), de maniére a maintenir constante la plus basse
des températures détectées parmi celle de I'unité de
commande (41, 42) afin d’exploiter la puissance ab-
sorbée maximale, chacune desdites sections de
tuyau (11, 12) comprenant au moins une partie (111,
121) apte a fonctionner comme une résistance pour
permettre de calculer la moyenne pondérée de la
température en régime permanent du respective
section de tuyau (11, 12) au moyen de l'unité de
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commande (41, 42), chacune desdites sections de
tuyau (11, 12) comprenant au moins une partie (112,
122) formée par un serpentin tubulaire pouvant fonc-
tionner comme un sur réchauffeur de fluide.

Dispositif de génération de brouillard (1) selon la re-
vendication précédente, caractérisé en ce que les-
dits éléments tubulaires dudit échangeur de chaleur
(10) comprennent au moins une paroi mince formée
par au moins une premiére couche de matériau
structurellement résistant et par au moins un deuxie-
me couche de matériau ayant une conductivité élec-
trique élevée afin d’obtenir une valeur optimale de
résistance électrique équivalente, sans avoir a aug-
menter la masse thermique dudit échangeur de cha-
leur (10).

Dispositif de génération de brouillard (1) selon la re-
vendication 1, caractérisé en ce que lesdits élé-
ments tubulaires dudit échangeur de chaleur (10)
comportent au moins une paroi mince en titane, le
titane étant un matériau structurellement résistant et
en méme temps un excellent conducteur résistance
électrique afin d’obtenir une valeur optimale de ré-
sistance électrique équivalente, sans avoir a aug-
menter la masse thermique dudit échangeur de cha-
leur (10).

Dispositif de génération de brouillard (1) selon la re-
vendication 1, caractérisé en ce que lesdits tron-
cons de canalisation (11, 12) sont connectés en pa-
rallele au moyen des portions (111, 121) fonction-
nant en résistance, et en série au moyen de les par-
ties (112, 122) fonctionnant en surchauffeur de flui-
de.

Dispositif de génération de brouillard (1) selon la re-
vendication 1, caractérisé en ce que lesdits tron-
consde canalisation (11, 12) sont connectés en série
au moyen des portions (111, 121) fonctionnant en
résistance, et en série au moyen de les parties (112,
122) fonctionnant en surchauffeur de fluide.

Dispositif de génération de brouillard (1) selon 'une
quelconque des revendications précédentes, carac-
térisé en ce que chacun desdits trongons de cana-
lisation (11, 12) est relié électriquement a un accu-
mulateur (60), ledit accumulateur (60) étant du type
électrochimique type , et par le fait que ladite unité
de commande (41, 42) rapporte une estimation du
courant délivré par ledit accumulateur (60), I'estima-
tion étant calculée au moyen de la valeur de la chute
de tension mesurée dans ladite au moins une portion
(111, 121) pour permettre de connaitre I'état dudit
accumulateur (60), en termes de charge électrique,
baisse de performance due au vieillissement, néces-
sité éventuelle de remplacement.
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Dispositif de génération de brouillard (1) selon la re-
vendication 1, caractérisé en ce que ladite au moins
une portion (111, 121) est maintenue refroidie par le
fluide circulant dans le dispositif (1).

Procédé de fonctionnement pour permettre d’opti-
miser les temps de chauffage et de maximiser la
puissance thermique transférée a un fluide d’un dis-
positif de génération de brouillard (1) selon l'une
quelconque des revendications précédentes, carac- 70
térisé en ce qu’il comprend les étapes suivantes :

- chauffage a sec de I'échangeur de chaleur
(10);

- démarrage commandé des moyens de pres- 15
surisation (20) pour envoyer le fluide le long des
trongons de conduite (11, 12) des éléments ta-
bulaires, jusqu’a ce que latempérature mesurée
dans au moins I'un desdits trongons de conduite

(11, 12) commence a décroitre; 20
- commande du fonctionnement des moyens de
pressurisation (20) par mesure d’une différence

de potentiel électrique dans les éléments tubu-
laires, de maniére a maintenir constante la tem-
pérature du trongon de conduite (11, 12) de la- 25
dite paire de trongons de conduite (11, 12) qui
refroidit d’abord pour avoir le maximum de puis-
sance disponible.
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