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DESCRIPTION

BACKGROUND TO THE INVENTION

[0001] A fog generator for a security application is normally technically based on the principle
of vaporizing glycol (the fog fluid). Whereby the vaporized fog liquid is emitted into the "area to
be fogged" via an outlet channel and a nozzle and immediately condenses into a dispersed
aerosol-like fog under atmospheric pressure and room temperature. This fog takes away the
criminal's sight and disorients the criminal.

[0002] The vaporization (addition of Joules as heat) normally happens via a heat exchanger.
The inlet of the heat exchanger is connected to a fog liquid reservoir, whereby the fog liquid is
injected by overpressure into the inlet of the heat exchanger at the desired time (fog emission).
This overpressure can be generated by:

1. a) a mechanical pump and/or potential elastic energy (tensioned spring against a piston)

2. b) operating pressure through compressed or liquid (vapour pressure propellant)
propellant, and/or c) operating pressure generated as result of a chemical reaction or a
chain reaction.

[0003] The fog generation capacity (debit mil/sec) and the fog emission pressure of the heat
generator co-depend on the fog fluid supply pressure offered at its inlet and its design.

[0004] Depending on the design of the fog generator for security application, it is designated
to, if the fog generator housing is under pressure of a compressed or liquid gas, select the
cartridge principle. So, WO2003001140 shows a fog generator with a removable housing that
comprises a fog generating liquid and a propellant. The fog fluid is entirely injected into the
heat exchanger in a single activation. After activation, the cartridge is replaced or a change is
made to a second cartridge to obtain an elongated, subsequent or following fog emission.

[0005] The most important features of such cartridge are:

1. 1) Comprises the volume of the fog liquid required for a fog emission.

2.2) Comprises the gas for the operating pressure or a propellant generator (chemical
reaction),

3. 3) Comprises a valve so that, upon activation, the fog fluid content is forwarded to the
heat exchanger, and

4. 4) Comprises a hydraulic connection to the inlet of the heat exchanger (possibly via a
one-way valve, similar or controlled diverter valves).
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[0006] Prior art fog generators such as, for example, described in W0O2003001140, require
electrical power that can open the valve (and keep it open or close it again). This power is
provided by a (rechargeable) battery or the mains. Being dependent on the mains is naturally
unacceptable for security devices. However, the use of a (rechargeable) battery as emergency
power source also has a number of disadvantages, as extensively described in application
BE2013/0681 and the counterpart, EP13188319.1, both filed on 11 October 2013. An
important disadvantage, for example, is the limited service life of such batteries also caused by
the high temperature emanating from the heat exchanger in the housing of the fog generator.

[0007] Fog generators should, even after years of inactivity, still function well. It was therefore
an object of the current invention to further increase the reliability of the fog generators by no
longer making the functioning of these devices dependent on an electro-magnetic, mechanical-
electric valve or a pump, in which a (rechargeable) battery should substitute as the emergency
power supply.

[0008] DE517045 is a German patent from 1931 and describes a chamber with compressed
fog acid (Nebelsaure) and a valve. Fog acid (Nebelsdaure) machines were used to shield
objects from aerial view. The device disclosed in this patent does not comprise a fuse wire.

[0009] FR625504 is a French patent from 1926 and describes a chamber with compressed
phosphane gass and a valve. After mixing phosphane gass with an activator, the mixture
combusts and forms a fog to signal the position of a submarine. The device disclosed in this
patent does not comprise a fuse wire.

DESCRIPTION OF THE INVENTION

[0010] The current invention provides for a housing (herein also referred to as a cartridge),
comprising a fog generating liquid and a valve that prevents the emission of the fog generating
liquid from the housing (through an outlet in the wall of the housing), in which said valve is kept
in a closed position by means of a fuse wire. The current invention therefore comprises a
housing comprising a fog generating liquid, an outlet in a wall of the housing and a valve that in
the closed position closes the outlet, wherein the valve is kept in the closed position by means
of a fuse wire. The valve preferably further comprises a holder of elastic energy, wherein this
elastic energy is prevented from being released by means of a fuse wire. The holder of elastic
energy can, for example, be a spring, such as a tensioned spring or a torsion spring. The
release of the elastic energy can, directly or indirectly, be prevented by the fuse wire, whereby
directly preventing implies a direct interaction between the fuse wire and the holder. The
indirect prevention entails that the holder of the elastic energy is kept in its energetic form by
one or multiple blocking means that are kept in a closed position by the fuse wire. The valve,
according to the invention, preferably comprises blocking means. The holder of elastic energy
exerts force on the blocking means that are kept in the closing position by the fuse wire. As
soon as the fuse wire melts through, the blocking means are brought to the opened position by
the release of the elastic energy being from the elastic energy holder. The blocking means



DK/EP 3017268 T3

preferably move in a plane substantially parallel to the wall in which the outlet is located. In a
special embodiment the valve comprises blocking means that hinge between the open and
closed position, a fuse wire and a holder of elastic energy. When the fuse wire breaks, the
elastic energy holder moves the blocking means in a plane substantially parallel to the wall in
which the outlet is located (from the closed to the open position).

The elastic energy holder and the blocking means are preferably located in a single chamber,
this allows for a particularly compact design. In a further embodiment, the fuse wire is also
located in the same chamber. The valve can easily be shielded from external environmental
factors by placing all these components in a single chamber. The valve components, for
example, can be placed on the inside of the liquid reservoir. Due to this, the fuse wire is not
accessible from the outside and it cannot, for example, be damaged when being transported or
installed. In this way, the undesirable opening of the valve (and associated liquid emission) is
avoided. The valve components can also be installed at the outside of the reservoir's wall. The
valve can then be covered with a cover plate so that a chamber is formed and so that, again,
the fuse wire is inaccessible to external environmental factors. Only a very limited space needs
to be taken up by such a chamber, in view of the limited height required for the valve.

[0011] Blocking means may work as a lever, wherein the effort point in the lever is defined as
the point on which the elastic energy holder exerts force and in which the blocking point is the
point where the fuse wire exerts its blocking power. The blocking means, in a special
embodiment, hinge around a hinge point. The use of a lever has as additional benefit that, by
adjusting the distance from the effort point and the blocking point (hereafter also referred to as
the blocking point) in respect of the hinge point, it is possible to use a very thin fuse wire that
can melt through under the influence of a relatively small current. As explained further below,
the lever set-up ensures that only a small power acts on the fuse wire through which it
becomes possible to use diameters of fuse wires that melt through at a particularly small
quantity of electrical energy, typically between 0.5 and 5 Joule. In a special embodiment, the
fuse wire is fixed to two connection points (such as, for example, in fig. 2 and 3), with the
blocking means fixed inbetween. This set-up allows for dividing the power of the blocking
means on the fuse wire into two sections of the fuse wire, both sections stressed between the
blocking means (engagement point of the blocking arm) and a fixed connection point. In this
way, the pulling power exerted on the section of the fuse wire can even be halved and this
section can be further thinned down. In a special embodiment, a valve further comprises
sealing means, such as a sealing plug, in which the sealing means are kept in a closed position
by a fuse wire. The sealing means, such as a sealing plug, can also in this case be kept
directly or indirectly in a closed position by the fuse wire. Direct prevention again implies a
direct interaction between the fuse wire and the sealing means, but the sealing plug will
preferably be kept in the closed position indirectly by the fuse wire. The valve preferably further
comprises (mechanical) blocking means that block the sealing means (sealing plug) in a closed
position, in which movement of the blocking means is prevented by the fuse wire. In a specific
embodiment, the elastic energy holder (e.g. spring) will move the blocking means upon
opening, resulting in the sealing means (sealing plug) being released and the fog generating
liquid being able to leave the housing. Therefore, in a particular embodiment, the valve further
comprises a sealing plug, an elastic energy holder (spring) and (mechanical) blocking means
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(sealing plug) blocked in a closed position, and wherein the movement of the (mechanical)
blocking means due to the elastic energy holder (spring) is prevented by the fuse wire. In this
case, the point where the sealing means (sealing plug) engage with the blocking means (and
therefore exerts a force upon the blocking means), can be defined as the load point. After all,
the power to be exerted on the blocking means (lever in figures 2 and 3) required to move the
load point is significant (practical magnitude of 0.5 a 1 N per bar in the housing) in case of a
high pressure in the housing. The valve, in a special embodiment, is characterised in that,
when the fuse wire is ruptured, the elastic energy holder exerts a power (Fk) on the blocking
means, which lifts the power (FI) exerted by the sealing means on the blocking means. By, for
example, placing the load point closer to the hinge (hinge point) than the distance between the
effort point (the point where the elastic energy holder engages with the blocking means, e.g.
the lever in drawings 2 and 3) and the hinge (hinge point), a proportionally smaller force is
required from the elastic energy holder to exert sufficient power on the blocking means to
move them to the opened position. By increasing the distance between the blocking point
(engagement of the fuse wire) and the hinge point, the force required to keep the blocking
means in a closed position is limited and the use of a very thin fuse wire will suffice.

[0012] The sequence of the hinge (hinge point), load point and the effort point, as
represented in drawings 2 and 3 should not be seen as restrictive. As the skilled person knows,
it is also possible to design the valve so that the sequence of engagement with the blocking
means is as follows: load point - hinge point - effort point, hinge point - load point - effort point
(as in the drawings), or hinge point - effort point - load point. The blocking means preferably
hinge around a hinge point and the distance rl between the hinge point and the point where the
sealing means exert a force (Fl) on the blocking means (herein also referred to as load point at
distance ) is smaller than the distance rk between the hinge point and the point where the
elastic energy holder exerts a force (Fk) on the blocking means (herein also referred to as
effort point at distance k). Moreover, in a further embodiment, the distance rl is smaller than
the distance rb between the hinge point and the point where the fuse wire blocks the blocking
means (herein also referred to as blocking point at distance b). The distance rk is preferably
smaller than or equal to the distance rb, more in particular, the distance rk is smaller than the
distance rb. The housing may further comprise collection means to collect the sealing means,
such as the sealing plug, after opening the valve. The current invention allows for designing
the valve as such that, upon opening, the outlet is completely free and there is therefore no
hindrance caused by the valve to the fog liquid flowing out (for example, because the fog fluid
would have to flow through components of the valve).

[0013] The fog generating liquid is preferably pressurized in a particular embodiment.

[0014] The fog generating liquid preferably comprises a polyol, such as glycol.

[0015] According to the prior art, the electricity consumption of a suitable electro-magnetic
direct-acting valve is ~40J/s or up to 180 J/s in a regular fog liquid pump system and this

during the entire fog emission period. This at a much lower operating pressure (opening
pressure of max. 20 bar or pump operating pressure of max. 6 bar).
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[0016] Such a necessary energy source, in the regular practice of safety equipment, means
the implementation of a standard 12 V lead acid battery as an emergency power source. At
least a rechargeable energy source that can at least provide 600 Joules as energy supply to
the electro-mechanical valve or a fog liquid pump.

[0017] The valve according to the invention permits being opened with an extremely small
quantity of electrical energy, typically between 0.5 and 5 Joule, in particular between 0.5 and 2
Joule. It will therefore suffice to use a (super) capacitor (or a small battery). Even if this (super)
capacitor or small battery has to additionally power energy efficient control and communication
electronics, it will still be able to provide the energy necessary to open the invention's valve
after a 24 hour power interruption.

[0018] For example, when using an uncomplicated super capacitor with a capacity of 50
Farad that is kept at 2.5 V and electronics with a power consumption of +/- 3.3 mW, there will
still be 0.7 V (24 Joule) available after 24 hours. In view of the fact that only one Joule is
required to melt through a fuse wire of aluminium (5056) with a diameter of 0.25 mm, there will
still be sufficient energy to immediately melt through the fuse wire after 24 hours and, in doing
so, opening the valve. A copper wire with a diameter of 0.15 mm is also possible, given that
only 3 Joule are required for melting through this wire.

[0019] Inherent to this process, is that the valve in this invention is a valve for once-off use (by
melting the fuse wire); the valve is herein also referred to as a one-shot valve. An additional
benefit is that the valve is not returned to the closed position after opening. The housing can
be vented to atmospheric pressure because the valve remains open. This allows for disposing
of the housing, after activating the valve, (e.g. metal recycling) without overpressure still being
present in the housing. It also allows for using the discharged propellant to purge the
connected heat exchanger, as, for example, discussed in EP2207005.

[0020] The valve is normally closed (NC), to activate it, an electrical power is (briefly)
conducted through the fuse wire, immediately resulting in the fuse melting through and the
subsequent opening of the valve. In a specific embodiment, the valve is then also fitted with
means (7), particularly an electrically insulated activation contact, which make it possible to
conduct an electrical power through the fuse wire. As already indicated above, only a small
energy source is required to open the valve, making it possible to integrate this energy source,
for example, a button cell battery or super capacitor, into the aforementioned interchangeable
cartridge (the housing).

[0021] The cartridge preferably has the following features:

. a) Supplying between 30 and 100 ml per second fog fluid to the heat exchanger.

. b) Providing this debit at an average pressure above 15 bar.

c) Cheap to produce and reliable.

. d) Little electricity required (0.5 to 2 Joule) to open the valve, so that a regular super
capacitor suffices to provide the required energy to open the valve in a reliable manner.

AW N =
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5. e) A movable piston or elastic membrane / pouch built into the housing in such way that
the cartridge functions properly in all orientations.

6. f) After discharging the fog fluid, the cartridge should be able to blow off its overpressure
to enable it to be stored and transported as an empty and de-pressurized cartridge for
recycling into its raw materials.

SHORT DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1: Cross-section of a housing (cartridge) with liquid reservoir and valve according
to the invention

Fig. 2: Valve according to the invention in a closed position
Fig. 3: Valve according to the invention in an open position

Fig. 4: Valve according to the invention in a closed position

[0023] A cartridge as rendered in Fig. 1 (alongside) is a particular embodiment of the valve
according to the invention.

[0024] The embodiment comprises a NC (normally closed / normally closed) valve that:

1. a) can resist /seal high pressure and can switch to a relatively large conduit under this
pressure, and

2. b) in which a minimal quantity of electrical energy, between 0.5 and 2 Joule, is required
to open the valve.

3. ¢) the entire mechanism fits into a cavity of less than 4 mm deep in the base. This is
important with regard to the residual volume of fog liquid that remains at the end of the
piston's stroke.

[0025] Because the blocking means move in a plane substantially parallel to the wall in which
the outlet is located, the required height of the valve is very limited. Because of this, a piston in
the housing can (almost) completely move up to the wall in which the outlet is located. On the
other hand, prior art valves would block such piston in its path, which would lead to
considerable residual volumes of fog fluid in the housing.

[0026] Fig. 2 shows a valve, according to the invention, in a closed position:
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The sealing means (1), also referred to as the sealing pin or sealing plug, are mechanically
fixed by a notch in the lever (2) that engages in the fixation groove (3) of the sealing plug. The
lever also serves as blocking means for the sealing plug in a compact practical design. This
sealing plug is sealed with a seal (the elastomeric O-ring (4) in respect to the outlet in the base
plate.

[0027] The tensioned spring (5) thrusts against the hinged (12) lever (2) at point (13), this
thrust is lifted by the tensioned fuse wire (6) that acts on point (14). The fuse wire is
mechanically and electrically connected to a single pole of the activation energy (e.g. mass 0
V) and, on the other hand, the electrically insulated activation contact (7) that consists of, for
example, a sealed metal pin through the base plate. If the fuse wire is mounted in the fog fluid
(internal or external design), an insulation sleeve is preferably pulled over the fuse wire as
thermal insulation in respect of the fog liquid, for example, a Teflon sleeve.

Activation:

[0028] The fuse wire (6), for example, consists of an aluminium wire with a diameter of 0.25
mm optionally with a corrosion resistant plating.

[0029] If, via the activation contact, a power of, for example, + 10A is conducted through the
fuse wire, approximately 0.2 to 0.5 V will flow over the fuse wire. The electrical resistance R of
the fuse wire is dependent on the specific electrical resistance of the applied alloy with its
temperature coefficient, the section and length of the aluminium wire.

[0030] When conducting such power, the fuse wire's temperature will rapidly increase and,
within 0.05 to 0.25 sec., weaken so much in regard of tensile strength (melting through) that it
breaks under the mechanical load of the tensioned spring.

[0031] In view of the fact that the distance rl is smaller than the distance rk, a spring with a
limited force (Fk) can be used to overcome the load (FI) that the sealing plug exerts on the
blocking means. This also ensures that a thin fuse wire can be used (even more so if the
distance rb is also bigger or optionally equal to distance rk) and that, therefore, surprisingly
little energy is required to melt through the fuse wire. Is seems that, in a practical embodiment
with a lever (length ratios of the load arm, effort arm and the blocking arm, as in the drawn
drawings) and with a singular pulley-principle tensioned fuse wire, at an operational pressure
of, for example, 80 bar and a conduit of 3 mm, only: 10 Ax 0.5V =5 W x 0.2 sec =1 joule is
required as activation energy. An embodiment of the invention comprises a fuse wire made of
an aluminium alloy AIMg5 with a diameter of 0.25 and tin plating, surrounded by a Teflon
sleeve. The exact melting time can be determined by measuring the power that flows through
the fuse wire when it is immersed in the fog fluid. It has been found that, by activation via a
Supercap 2.5 V / 300 F, the power is already cut off approximately 65 milliseconds after
activation due to the fuse wire melting through.
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[0032] The torsion spring (5) can now push away the lever (2), as shown in fig. 3. The minor
distance travelled near the fixation groove is sufficient to release the sealing pin (axial) and
allows it to move into the outlet through the sealing O-ring. The pushing through is caused by
the pressure force exerted by the propellant (9) on the projected surface of the sealing pin.

[0033] Optionally, further-up (for example, in the hydraulic coupling), collection means
(bumper) has been provided to prevent the sealing pin from being pressed to the outside,
together with the streaming fog liquid, in the direction of the heat exchanger

[0034] Fig. 4 shows the lever-principle according to a preferred embodiment of the valve
according to the current invention in more detail. The drawing shows, according to the polar
moment system, the following forces and distances in the plane in which the blocking means
are located (a plane parallel to the wall in which the outlet is located). The hinge point is used a
polar center (cc0):

Fl. force exerted on the blocking means by the sealing means
Fk: force exerted on the blocking means by the spring
Fb: force exerted on the blocking means by the fuse wire

rl: distance from the hinge point to the point where the sealing means exert their force on the
blocking means (in this case where the sealing means touch the blocking means)

rk: distance from the hinge point to the point where the spring exerts a force on the blocking
means (in this case where the spring touches the blocking means)

rb: distance from the hinge point to the point where the fuse wire exerts a force on the blocking
means (in this case where the fuse wire touches the blocking means)

[0035] The valve will only open if: Fk x rk > (FL x rl) + (Fb x rb). The current invention
therefore allows the skilled person, in a simple manner, to select Fk, rk, rl en rb in such a way
that the force Fb required to open the valve becomes very small and that only a very thin fuse
wire is required to provide this force. The Fb becomes zero as soon as the fuse wire melts
through and the valve will open if Fk x rk > FL x rl.

[0036] The drawings should not been seen as restrictive and have only been included as an
example. Although the valve, in the drawing, is drawn inside of the liquid reservoir, the valve
can of course also be placed outside of the housing. Evidently, it is also possible to entirely
isolate the mechanical parts of the valve from the liquid. For example, a valve can be
manufactured wherein only the head of the sealing plug is in contact with the liquid.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1.

Et hus, der bestar af en tdgedannende vaske (8), et udleb og en ventil, der 1 lukket
position forhindrer den tdgedannende vaske 1 at lobe ud af huset,

betegnet af at fornevnte ventil bestdr af en elastisk energiholder (5),
blokeringsmiddel (2) og en smeltetrdd;

hvorved den elastiske energiholder (5) udever en kraft pd blokeringsmiddelet (2),
der holdes i en lukket position ved hjelp af smeltetrdden (6); og

hvori energifrigivelsen fra den elastiske energiholder (5), ved brud pd smeltetrdden

(6), skifter blokeringsmiddelet (2) til den &bne position.

Et hus ifelge krav 1, hvori den elastiske energiholder (5), ved brud pa smeltetraden
(6), flytter blokeringsmiddelet (2) pd en flade, der vaesentligt set er parallel med

vaeggen som omfatter udlebet.

Huset ifolge krav 1 eller 2, hvori ventilen ydermere bestar af et forseglingsmiddel
(1), der udever en kraft Fl pa blokeringsmiddelet, betegnet af at den elastiske
energiholder (5), ved brud pa smeltetrdden (6), udever en kraft Fk pa
blokeringsmiddelet (2), der overvinder kraften Al, der udeves af forseglingsmiddelet

(1) pa blokeringsmiddelet (2).

Huset ifelge krav 3, hvori blokeringsmiddelet (2) er heengslet pa et omdrejningspunkt
(12) og hvori afstanden rl mellem haengselpunktet og punkt (13), hvor
forseglingsmiddelet udever en kraft Fl1 pd blokeringsmiddelet, er mindre end
afstanden rk mellem hangselpunktet og punkt (13), hvor den elastiske energiholder
udover en kraft Fk pé blokeringsmiddelet.

Huset ifelge krav 2 eller 3, hvori blokeringsmiddelet (2) beveger sig, grundet
frigivelsen af elastisk energi fra holderen (5), og dermed gor at forseglingsmiddelet

frigives, hvilket forer til at ventilen dbnes.

Huset ifelge krav 5, hvori ventilen bestér af felgende elementer:

- forseglingsmiddel (1), der forhindrer at den tdgedannende veske lgber ud af

husets udleb;
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13.

14.
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- blokeringsmiddel (2), der blokerer forseglingsmiddelet (1) 1 lukket stilling;

- en smeltetrdd (6), der direkte eller indirekte holder blokeringsmiddelet 1 lukket
stilling; og

- en fjeder (5), der sxtter blokeringsmiddelet i den &bne position, sd snart
smeltetraden smeltes over, hvorved forseglingsmiddelet (1) ikke lengere er

blokeret, og den tdgedannende veske leber ud af huset.

Huset ifelge krav 3, der videre bestar af indsamlingsmiddeler (11) til at indsamle

forseglingsmiddelet efter at ventilen er blevet dbnet.

Huset ifelge et af de tidligere krav, hvori den tdgedannende veeske er under tryk.

Huset ifolge et af de tidligere krav, hvori den tdgedannende veske bestar af en

polyol, sdsom glykol.

En tdgegenerator, der bestar af et hus 1 henhold til enhver af de tidligere krav, samt
en varmeveksler, hvori dbning af ventilen forer til at den tdgedannende vaeske laber

ud af huset og til varmeveksleren.

Tagegeneratoren ifelge krav 10, der videre bestdr af en stromkilde, der kan levere

tilstreekkelig energi til at smelte igennem smeltetrdden.

Tagegeneratoren ifelge krav 11, hvori stromkilden bestar af en kondensator eller en

superkondensator som nedstremkilde.

Anvendelse af en kondensator eller superkondensator til at smelte 1 gennem en

smeltetrdd ifolge et af krav 1 til 9.

Anvendelse af et hus ifelge et af krav 1 til 9 eller tdgegeneratoren ifelge et af krav

10 til 12 for at skabe en taet, opak tage.
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