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AND METHODS FOR ADDRESSING A FIRE WITH A MIST  Priority Data and
Incorporation By Reference [0001]This application claims the benefit
of priority to (i) U.S. Provisional Patent Application No.
60/987,021, filed November 9, 2007; (ii) U.S. Provisional Patent
Application No. 60/989,083, filed November 19, 2007; and (iii) U.K.
Patent Application No. 0803959.6 filed March 3, 2008, each of which
is incorporated by reference in its entirety. Technical Field
[0002]This invention relates generally to liquid mist spray systems
and methods for fire protection. More specifically, the invention is
directed to systems and their method of design which provide a water
mist to address and preferably suppress a fire. Even more preferably,
the invention relates to systems and methods for total flooding
volume protection of a space to address a fire, preferably control,
suppress, and more preferably extinguish a fire. The invention
further provides devices for use in the systems and methods.
Background of the Invention [0003]Known high pressure water mist
systems, such as for example, HI-FOG(r) by MARIOFF CORPORATION rely
on the production of water droplets, ranging between 50m - 120pm
(microns), in which larger droplets entrain smaller droplets into the
critical combustion region of a fire. Providing a desired mix of
droplet sizes in the protected area using such as high pressure
system requires careful location of  WO 2009/061471PCT/US2008/012571
the discharge points and a large quantity of water. The HI-FOGO
system is a single fluid (water) system in which the fluid is
delivered to the discharging nozzles at a high pressure for the 50m -
120pm droplet generation. [0004]One type of device for use in such a
system is described in WO 92/20453. Shown and described therein is a
spray head with a number of nozzles arranged close to each other for
a continuous directional fog spray. [0005]Another water mist system
and method is described in U.S. Patent Publication No. 20050000700.
Therein is described a fire extinguishing method for high spaces such
as engine rooms of ships in which a mist is provided in an unevenly
distributed manner so that a circulating motion of the mist is
created in the space. [0006]Twin or dual fluid fire protection
nozzles are shown and described in U.S. Patent No. 5,312,041 and U.S.
Patent No. 5,520,331. In U.S. Patent No. 5,312,041, shown and
described is a dual fluid method and apparatus for extinguishing
fires in which a nozzle discharges a first fluid in a path surrounded
by a second fluid. In U.S. Patent No. 5,520,331, shown and described
is a convergent/divergent gas nozzle that atomizes a liquid provided
through a liquid delivery tube having an aperture centered within a
central gas conduit of an upstream mixing block connected to the
nozzle. 



[0007]Other water mist systems and nozzles are described in
International Patent Application Publication Nos. WO 2003/030995; WO
2005/115555 and International Patent Application Publication No. WO
2006/132557 and U.S. Patent No. 7,080,793. Other Mist generating
devices are shown and described in International Patent Publication
No. WO 2005/082545 and International Patent  WO
2009/061471PCT/US2008/012571 Publication No. WO 2005/082546, each of
which is assigned to Pursuit Dynamics PLC, a named applicant in the
instant application (outside of the U.S.). [0008]WO 2001/76764 shows
a mist generating apparatus which uses two fluids, primarily for use
in fire suppression. In WO 2001/76764, a spray of first fluid
droplets is created by forcing the first fluid through a number of
aerosol nozzles in a conventional manner. The droplets are then
carried by a stream of a second fluid through a convergent-divergent
nozzle which sprays the combined stream of first fluid droplets and
second fluid from the apparatus. The purpose of WO 2001/76764 is to
reduce the pressure required to create the aerosol spray of the first
fluid by using the second stream of fluid to carry the first fluid
droplets out of the apparatus. The second stream also reduces
frictional forces which can in some cases cause the first fluid
droplets forming the aerosol spray to evaporate. [0009]WO 2001/76764
does not use the second fluid in order to create the first fluid
droplet regime. Instead, the droplets are created via an array of
aerosol nozzles which create the droplets in a conventional manner.
The stream of second fluid then carries the droplets through the
spray nozzle without any atomization mechanism being applied to the
first fluid by the second fluid. Thus, WO 2001/76764 still requires
the first fluid to be supplied at relatively high pressure in order
to create the aerosol droplets. Disclosure of Invention Installation
Methods [0010]One embodiment of the invention is a method of mist
fire protection for fixed equipment within a substantially enclosed
space having a ceiling, a plurality of walls so as to define a
plurality of corners and an enclosure volume of at least 130  WO
2009/061471PCT/US2008/012571 cu. m. (4590 cu. ft.). This method
includes disposing at least one mist generating device in the
substantially enclosed space, the disposing at least one mist
generating device may be selected from (i) mounting at least two mist
generating devices in the enclosed space, wherein the at least 130
cu. m. (4590 cu. ft.) (4590 Cu. ft.) is at least 260 cu. m. (9180 cu.
ft.), the at least two mist generating devices being disposed in
diagonally opposed corners so as to define a minimum spacing
therebetween of about 3.4 m. (11 ft.), (ii) mounting the at least one
mist generating device in a pendent configuration where the enclosure
height ranges between about 3.0 m. (9.8 ft.) to about 8.0 m. (26.2
ft.) with a clearance from any wall of the enclosed space ranging
from 0.3 m. (1 ft.) to about 3.4 m. (11 ft.), (iii) mounting the at
least one mist generating device in a sidewall configuration where
the enclosure height ranges between about 1.0 m. (3.3 ft.) to about
8.0 m. (26.2 ft.), the mounting being beneath the ceiling at a
distance from the ceiling ranging from about 1.0 m. (3.3 ft.) to
about one half the enclosure height and with a clearance of at least
1.0 m. (3.3 ft.) from any of the plurality of corners of the enclosed
space, (iv) mounting at least two mist generating devices in a
pendent configuration where the enclosure height ranges between about
3.0 m. (9.8 ft.) to about 8.0 m. (26.2 ft.) with a clearance from any



the mist generating device. The piping may include coupling an outlet
of a liquid supply tank having a capacity of at least 25 gallons to
the mist generating device. The piping may also include coupling in
parallel a gas supply having a bank of at least three pressurized
11.3 cu. m. (400 cu. ft.) tanks with the liquid supply tank and the
mist generating device. [0012]The method further includes
interlocking an actuator to release the gas from the cylinders to the
tank and the at least one mist generating device. The interlocking
may include coupling the actuator with a heat release detector
disposed in the enclosed space, the heat detector being responsive to
a fire in the enclosed space such that upon detection of a fire, the
heat detector signals the actuator to release the gas from the
cylinders to pressurize the tank and to deliver the gas to the mist
generating device. [0013]In another embodiment, the invention is a
kit to provide mist fire protection for fixed equipment within a
substantially enclosed space having a ceiling, a plurality of walls
so as to define a plurality of corners and an enclosure volume of at
least 130 cu. m. (4590 cu. ft.). The kit comprises at least one mist
generating device selected from (i) at least two mist generating
devices to be mounted in the enclosed space, wherein the at least 130
cu. m. (4590 cu. ft.) is at least 260 cu. m. (9180 cu. ft.), the  WO
2009/061471PCT/US2008/012571 at least two mist generating devices to
be disposed in diagonally opposed corners so as to define a minimum
spacing therebetween of about 3.4 m. (11 ft.), (ii) at least one mist
generating device to be mounted in a pendent configuration in the
enclosed space where the enclosure height ranges between about 3.0 m.
(9.8 ft.) to about 5.0 m. (16.4 ft.) with a clearance from any wall
of the enclosed space ranging from 0.3 m. (1 ft.) to about 3.4 m. (11
ft), (iii) at least one mist generating device to be mounted in a
sidewall configuration in the enclosed space where the enclosure
height ranges between about 1.0 m. (3.3 ft.) to about 5.0 m. (16.4
ft.), the at least one mist generating device to be mounted being
beneath the ceiling at a distance from the ceiling ranging from about
1.0 m. (3.3 ft.) to about one half the enclosure height and with a
clearance of at least 1.0 m. (3.3 ft.) from any of the plurality of
corners of the enclosed space, (iv) at least two mist generating
devices to be mounted in a pendent configuration in the enclosed
space where the enclosure height ranges between about 3.0 m. (9.8
ft.) to about 5.0 m. (16.4 ft.) with a clearance from any of the
plurality of walls of the enclosed space ranging from 0.3 m. (1 ft.)
to about 3.4 m. (11 ft.) and spaced from one another by a distance
ranging from about 3.4 m. (11 ft.) to about 30.4 ft; and (v) at least
two mist generating devices to be mounted in a sidewall configuration
in the enclosed space where the sidewall enclosure height ranges
between about 1.0 m. (3.3 ft.) to about 5.0 m. (16.4 ft.) beneath the
ceiling at a distance from the ceiling ranging from about 1.0 m. (3.3
ft.) to about one half the ceiling enclosure height and with a
clearance of at least 1.0 m. (3.3 ft.) from any of the plurality of
corners of the enclosed space such that the at least two mist
generating devices each define a center line of discharge having an
unobstructed discharge path with a diameter of about 1.5 m. (5 ft.)
from the device to an opposing wall of the plurality of walls, the
device being mounted from the  WO 2009/061471PCT/US2008/012571
opposing wall at a distance ranging between about 3.8 m. (12.5 ft.)
to about 12.0 m. (39.3 ft.) with the center lines of discharge of the



[0017]One exemplary embodiment of this aspect of the present
invention is a fire protection system for addressing a fire with a
mist. This system includes at least one mist generating device
disposed in an enclosed space having a volume of at least 130 cu. m.
(4590 cu. ft.). The at least one mist generating device includes (1)
a first fluid passage having a first fluid inlet and a first fluid
outlet disposed about a longitudinal axis of the device, the first
fluid passage defining a working nozzle and a second fluid passage
having a second fluid inlet, (2) a second fluid outlet, the second
fluid passage disposed about the longitudinal axis of the device and
co-axial with the first fluid passage, the second fluid passage
defining a transport nozzle, (3) a solid protrusion disposed in the
second fluid passage so that the transport nozzle defines a divergent
flow pattern with respect to the longitudinal axis, and (4) a chamber
in communication with the working nozzle and transport nozzle. The
system also includes a self-contained fluid supply source including a
liquid supply coupled to the first fluid inlet for discharge of
liquid from the working nozzle as an annulus. The fluid supply
further includes a gas supply coupled to the second fluid inlet at a
pressure ranging from about 2.1 bar (30 psi.) to about 24.1 bar (350
psi.) for discharge from the transport nozzle to mix with the liquid
annulus in the chamber so as to form the mist to address the fire.
The fluid supply has a property selected from the group consisting
of: (i) the liquid supply pressurized by the gas supply, the liquid
supply being coupled to the first fluid inlet to provide the liquid
to the inlet at a pressure of at least 0.5 bar (7 psi.) for liquid
flow through the first fluid passage; (ii) a pressurized gas supply
that includes a bank of at least three (3) 11.3 cu. m. (400 cu.  WO
2009/061471PCT1US2008/012571 ft.) nitrogen gas cylinders, each
cylinder being coupled to a piping manifold coupled to the second
fluid outlet with a regulated discharge pressure from the manifold of
at least 6.9 bar (100 psi.), and a liquid supply that includes at
least one ninety-five liter (95 L.) (twenty-five gallon (25 gal.))
tank of fire fighting liquid pressurized by the gas supply discharge
pressure, the tank being coupled to the first fluid inlet; and (iii)
the liquid and gas being provided to the device in a liquid-to-gas
mass flow ratio ranging from about 1:1 to about 3:1. [0018]In this
embodiment, the mist further has a property, which is selected from
the group consisting of: (i) a majority of droplets having a diameter
ranging from 1 to 10 microns, more preferably, substantially all of
the droplets having a diameter ranging from 1 to 10 microns; (ii) a
total liquid supply ranging between about fifty-seven liters (57 L.)
(fifteen gallons (15 gal.)) to about ninety-five liters (95 L.)
(twenty-five gallons (25 gal.)) for each 130 cu. m. (4590 cu. ft.) of
enclosed space; (iii) defines a total extinguishing volume of less
than about 8 gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of
enclosed space; and (iv) an extinguishment time ranging from about
780 seconds to about 80 seconds for normalized sized fires ranging
between about 1 kW/cu. m. to about 8 kW/cu. m. [0019]Another
embodiment of this aspect of the invention is a fire protection
system for addressing a fire with a mist This system comprises at
least one mist generating device disposed in an enclosed space having
a volume of at least 130 cu. m. (4590 cu. ft.), the at least one mist
generating device including (1) a first fluid passage having a first
fluid inlet and a first fluid outlet disposed about a longitudinal



WO 2009/061471PCT/US2008/012571 [0022]In this system, the mist
further has a property that is selected from the group consisting of:
(i) a majority of droplets having a diameter ranging from Ito 10
microns, (ii) a total liquid supply ranging between about fifty-seven
liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
liters (95 L.) (twenty-five gallons (25 gal.)) for each 130 cu. m.
(4590 cu. ft.) of enclosed space, defines a total extinguishing
volume of less than about 8 gallons (8 gal.) for each 130 cu. m.
(4590 cu. ft.) of enclosed space, and an extinguishment time ranging
from about 780 seconds to about 80 seconds for a normalized sized
fires ranging between about (1 kW/cu. m.) to about (8 kW/cu. m.).
[0023]Another embodiment of the invention is a fire protection system
for addressing a fire with a mist. This system comprises: at least
one atomizing device disposed in an enclosed space having a volume of
at least 130 cu. m. (4590 cu. ft.), the at least one atomizing device
including: a first fluid passage having a first fluid inlet and a
first fluid outlet disposed about a longitudinal axis of the device,
the first fluid passage defining a smooth curving profile that
converges toward the longitudinal axis such that a flow path
decreases in a direction from the first fluid inlet to the first
fluid outlet, the first fluid passage defining a total volume ranging
between 119,000 cu. mm and 121,500 cu. mm., a second fluid passage
having a second fluid inlet and a second fluid outlet through which a
second fluid passes, the second fluid passage disposed about the
longitudinal axis concentric, or substantially concentric, with the
first fluid passage, the second fluid passage defining an equivalent
angle of expansion ranging from about 1 to about 40 degrees, the
second fluid passage defining a total volume ranging between about
24,300 cu. mm. to about 25,500 cu. mm., and a chamber in
communication with the first and second fluid outlets, wherein the
first and second fluid outlets are oriented relative to one another
such -12-  



WO 2009/061471PCT/US2008/012571 that they have an angle of incidence
between about 5 degrees and about 30 degrees. [0024]The system
further includes a self-contained fluid supply source including a
liquid supply coupled to the first fluid inlet for discharge of
liquid from the first fluid outlet as an annulus. The fluid supply
also includes a gas supply coupled to the second fluid inlet at a
pressure ranging from about 2.1 bar (30 psi.) to about 24.1 bar (350
psi.) for discharge from the second fluid outlet to mix with the
liquid annulus in the chamber so as to form the mist to address the
fire. The fluid supply further has a property that is selected from
the group consisting of: (i) the liquid supply pressurized by the gas
supply, the liquid supply being coupled to the first fluid inlet to
provide the liquid to the inlet at a pressure of at least 0.5 bar (7
psi.) for liquid flow through the first fluid passage; (ii) a
pressurized gas supply that includes a bank of at least three (3)
11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder being
coupled to a piping manifold coupled to the second fluid outlet with
a regulated discharge pressure from the manifold of at least 6.9 bar
(100 psi.), and a liquid supply that includes at least one
ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fighting liquid pressurized by the gas supply discharge pressure, the
tank being coupled to the first fluid inlet; and (iii) the liquid and
gas being provided to the device in a liquid-to-gas mass flow ratio
ranging from about 1:1 to about 3:1. [0025]In this system, the mist
further has a property that is selected from the group consisting of:
(i) a majority of droplets having a diameter ranging from 1 to 10
microns, (ii) a total liquid supply ranging between about fifty-seven
liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
liters (95 L.) (twenty-five gallons (25 gal.)) for each 130 cu. m.
(4590 cu. ft.) of enclosed space, (iii) defines a total extinguishing
volume of less than about 8 gallons (8 gal.) for each 130 cu. m.
(4590 -13-  WO 2009/061471PCT/US2008/012571 Cu. ft.) of enclosed
space; and (iv) an extinguishment time ranging from about 780 seconds
to about 80 seconds for normalized sized fire ranging between about 1
kW/cu. m. to about 8 kW/cu. m. [0026]A further embodiment of the
invention is a fire protection system for addressing a fire with a
mist. This system comprises: at least one atomizing device disposed
in an enclosed space having a volume of at least 130 cu. m. (4590 cu.
ft.). The at least one atomizing device includes: a first fluid
passage having a first fluid inlet and a first fluid outlet disposed
about a longitudinal axis of the device, the first fluid passage
defining a smooth curving profile that converges toward the
longitudinal axis such that a flow path decreases in a direction from
the first fluid inlet to the first fluid outlet, the first fluid
passage defining a total volume ranging between about 119,000 cu. mm.
to about 121,500 cu. mm., a second fluid passage having a second
fluid inlet and a second fluid outlet through which a second fluid
passes, the second fluid passage disposed about the longitudinal axis
concentric with the first fluid passage, the second fluid passage
defining an equivalent angle of expansion ranging from about 1 to
about 40 degrees, the second fluid passage defining a total volume
ranging between about 24,300 cu. mm. to about 25,500 cu. mm., and a
chamber in communication with the first and second fluid outlets,
wherein the first and second fluid outlets are oriented relative to
one another such that they have an angle of incidence between about 5



-14-  WO 2009/061471PCT/US2008/012571 spacing therebetween of about
3.4 m. (11 ft.), (ii) being mounted in a pendent configuration for an
enclosure height ranging between about 3.0 m. (9.8 ft.) to about 5.0
m. (16.4 ft.) with a clearance from any wall of the enclosed space
ranging from 1.2 m. (4 ft.) to about 3.4 m. (11 ft.), (iii) being
mounted in a sidewall configuration for a sidewall enclosure height
ranging between about 1.0 m. (3.3 ft.) to about 5.0 m. (16.4 ft.)
beneath a ceiling of the enclosed space ranging from about 1.0 m.
(3.3 ft.) to about one half the ceiling enclosure height and with a
clearance of at least 1.0 m. (3.3 ft.) from any corner of the
enclosed space, (iv) at least two mist generating devices mounted in
a pendent configuration for an enclosure height ranging between about
3.0 m. (9.8 ft.) to about 5.0 m. (16.4 ft.) with a clearance from any
wall of the enclosed space ranging from 1.2 m. (4 ft.) to about 3.4
m. (11 ft.) and spaced from one another by a distance ranging from
about 3.4 m. (11 ft.) to about 6.7 m. (22 ft.), and (v) at least two
mist generating devices being mounted in a sidewall configuration for
a sidewall enclosure height ranging between about 1.0 m. (3.3 ft.) to
about 5.0 m. (16.4 ft.) beneath a ceiling of the enclosed space
ranging from about 1.0 m. (3.3 ft.) to about one half the ceiling
enclosure height and with a clearance of at least 1.0 m. (3.3 ft.)
from any corner of the enclosed space such that the at least two mist
generating devices each define a center line of discharge having an
unobstructed discharge path with a diameter of about 1.5 m. (5 ft.)
from the device to an opposing wall, the device being mounted from
the opposing wall at a distance ranging between about 3.8 m. (12.5
ft.) to about 12.0 m. (39.3 ft.) with the center lines of discharge
of the at least two devices having a perpendicular spacing ranging
between 1.0 m. (3.3 ft.) to about 4.6 m. (15 ft.). [0028]This system
further includes a self-contained fluid supply source, which has a
liquid supply coupled to the first fluid inlet for discharge of
liquid from the first -15-  WO 20091061471PCT/US2008/012571 fluid
outlet as an annulus. The fluid supply further including a gas supply
coupled to the second fluid inlet at a pressure ranging from about
2.1 bar (30 psi.) to about 24.1 bar (350 psi.) for discharge from the
second fluid outlet to mix with the liquid annulus in the chamber so
as to form the mist to address the fire. The fluid supply further
having a property that is selected from the group consisting of: (i)
the liquid supply pressurized by the gas supply, the liquid supply
being coupled to the first fluid inlet to provide the liquid to the
inlet at a pressure of at least 0.5 bar (7 psi.) for liquid flow
through the first fluid passage, (ii) a pressurized gas supply that
includes a bank of at least three (3) 11.3 cu. m. (400 cu. ft.)
nitrogen gas cylinders, each cylinder being coupled to a piping
manifold coupled to the second fluid outlet with a regulated
discharge pressure from the manifold of at least 6.9 bar (100 psi.),
and a liquid supply that includes at least one ninety-five liter (95
L.) (twenty-five gallon (25 gal.)) tank of fire fighting liquid
pressurized by the gas supply discharge pressure, the tank being
coupled to the first fluid inlet, and (iii) the liquid and gas being
provided to the device in a liquid-to-gas mass flow ratio ranging
from about 1:1 to about 3:1. [0029]In this system, the mist has a
property selected from the group consisting of: (i) a majority of
droplets having a diameter ranging from 1 to 10 microns, (ii) a total
liquid supply ranging between about fifty-seven liters (57 L.)



-17-  WO 2009/061471PCT/US2008/012571 ft.) nitrogen gas cylinders,
each cylinder being coupled to a piping manifold coupled to the
second fluid outlet with a regulated discharge pressure from the
manifold of at least 6.9 bar (100 psi.), and a liquid supply that
includes at least one ninety-five liter (95 L.) (twenty-five gallon
(25 gal.)) tank of fire fighting liquid pressurized by the gas supply
discharge pressure, the tank being coupled to the first fluid inlet;
and (iii) the liquid and gas being provided to the device in a
liquid-to-gas mass flow ratio ranging from about 1:1 to about 3:1.
[0032]In this system, the mist further has a property that is
selected from the group consisting of: (i) a majority of droplets
having a diameter ranging from 1 to 10 microns, (ii) a total liquid
supply ranging between about fifty-seven liters (57 L.) (fifteen
gallons (15 gal.)) to about ninety-five liters (95 L.) (twenty-five
gallons (25 gal.)) for each 130 cu. m. (4590 cu. ft) of enclosed
space, (iii) defines a total extinguishing volume of less than about
8 gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed
space; and (iv) an extinguishment time ranging from about 780 seconds
to about 80 seconds for normalized sized fires ranging between about
1 kW/cu. m. to about 8 kW/cu. m. [0033]A further embodiment of the
invention is a fire protection system for addressing a fire with a
mist. This system comprises at least one atomizing device disposed in
an enclosed space having a volume of at least 130 cu. m. (4590 cu.
ft.). The at least one atomizing device includes: a first fluid
passage having a first fluid inlet and a first fluid outlet disposed
about a longitudinal axis of the device, the first fluid passage
defining a smooth curving profile that converges toward the
longitudinal axis such that a flow path decreases in a direction from
the first fluid inlet to the first fluid outlet, the first fluid
passage defining a total volume ranging between about 119,000 cu. mm.
to about 121,500 cu. mm. and a second fluid passage having -18-  WO
2009/061471PCT/US2008/012571 a second fluid inlet and a second fluid
outlet through which a second fluid passes, the second fluid passage
disposed about the longitudinal axis concentric with the first fluid
passage, the second fluid passage defining an equivalent angle of
expansion ranging from about 1 to about 40 degrees, the second fluid
passage defining a total volume ranging between 24,300 cu. mm. to
about 25,500 cu. mm. [0034] In this system, the device is mounted
within the enclosed space in a manner that is selected from the group
consisting of: (i) at least two mist generating devices disposed in
the enclosed space, wherein the at least 130 cu. m. (4590 cu. ft.) is
at least 260 cu. m. (9180 cu. ft.), the at least two mist generating
devices disposed in diagonally opposed corners so as to define a
minimum spacing therebetween of about 3.4 m. (11 ft.); (ii) being
mounted in a pendent configuration for an enclosure height ranging
between about 3.0 m. (9.8 ft.) to about 5.0 m. (16.4 ft.) with a
clearance from any wall of the enclosed space ranging from 1.2 m. (4
ft.) to about 3.4 m. (11 ft.), (iii) being mounted in a sidewall
configuration for a sidewall enclosure height ranging between about
1.0 m. (3.3 ft.) to about 5.0 m. (16.4 ft.) beneath a ceiling of the
enclosed space ranging from about 1.0 m. (3.3 ft.) to about one half
the ceiling enclosure height and with a clearance of at least 1.0 m.
(3.3 ft.) from any corner of the enclosed space, (iv) at least two
mist generating devices mounted in a pendent configuration for an
enclosure height ranging between about 3.0 m. (9.8 ft.) to about 5.0



WO 2009/061471PCT/US2008/012571 1.0 m. (3.3 ft.) to about one half
the ceiling enclosure height and with a clearance of at least 1.0 m.
(3.3 ft.) from any corner of the enclosed space such that the at
least two mist generating devices each define a center line of
discharge having an unobstructed discharge path with a diameter of
about 1.5 m. (5 ft.) from the device to an opposing wall, the device
being mounted from the opposing wall at a distance ranging between
about 3.8 m. (12.5 ft.) to about 12.0 m. (39.3 ft.) with the center
lines of discharge of the at least two devices having a perpendicular
spacing ranging between 1.0 m. (3.3 ft.) to about 4.6 m. (15 ft.).
[0035]The system further includes a self-contained fluid supply
source including a liquid supply coupled to the first fluid inlet for
discharge of liquid from the first fluid outlet as an annulus, the
fluid supply further including a gas supply coupled to the second
fluid inlet at a pressure ranging from about 2.1 bar (30 psi.) to
about 24.1 bar (350 psi.) for discharge from the second fluid outlet
to mix with the liquid annulus in an optional chamber as, e.g.,
disclosed herein, so as to form the mist to address the fire. The
fluid supply further has a property that is selected from the group
consisting of: (i) the liquid supply pressurized by the gas supply,
the liquid supply being coupled to the first fluid inlet to provide
the liquid to the inlet at a pressure of at least 0.5 bar (7 psi.)
for liquid flow through the first fluid passage; (ii) a pressurized
gas supply that includes a bank of at least three (3) 11.3 cu. m.
(400 cu. ft.) nitrogen gas cylinders, each cylinder being coupled to
a piping manifold coupled to the second fluid outlet with a regulated
discharge pressure from the manifold of at least 6.9 bar (100 psi.),
and a liquid supply that includes at least one ninety-five liter (95
L.) (twenty-five gallon (25 gal.)) tank of fire fighting liquid
pressurized by the gas supply discharge pressure, the tank being
coupled to the first fluid inlet and (iii) the liquid and gas  WO
2009/061471PCT/US2008/012571 being provided to the device in a
liquid-to-gas mass flow ratio ranging from about 1:1 to about 3:1.
[0036]In this system, the mist further has a property that is
selected from the group consisting of: (i) a majority of droplets
having a diameter ranging from 1 to 10 microns, (ii) a total liquid
supply ranging between about fifty-seven liters (57 L.) (fifteen
gallons (15 gal.)) to about ninety-five liters (95 L.) (twenty-five
gallons (25 gal.)) for each 130 cu. m. (4590 cu. ft.) of enclosed
space, (iii) defines a total extinguishing volume of less than about
8 gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed
space, and (iv) an extinguishment time ranging from about 780 seconds
to about 80 seconds for normalized sized fires ranging between about
(1 kW/cu. m.) to about (8 kW/cu. m.). [0037]Another embodiment of the
invention is a fire protection system for addressing a fire with a
mist. This system comprises at least one atomizing device disposed in
an enclosed space having a volume of at least 130 cu. m. (4590 cu.
ft.). The at least one atomizing device includes: a first fluid inlet
and a second fluid inlet, means for atomizing a first fluid and with
a second fluid, and a self-contained fluid supply source including a
liquid supply coupled to the first fluid inlet for discharge of
liquid from the atomizing device as an annulus, the fluid supply
further including a gas supply coupled to the second fluid inlet at a
pressure ranging from about 2.1 bar (30 psi.) to about 24.1 bar (350
psi.) for discharge from the atomizing device to mix with the liquid



the first fluid inlet to provide the liquid to the inlet at a
pressure of at least 0.5 bar (7 psi.) for liquid flow through the
first fluid passage, (ii) a pressurized gas supply that -21-  WO
2009/061471PCT/US2008/012571 includes a bank of at least three (3)
11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder being
coupled to a piping manifold coupled to the second fluid outlet with
a regulated discharge pressure from the manifold of at least 6.9 bar
(100 psi.), and a liquid supply that includes at least one
ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fighting liquid pressurized by the gas supply discharge pressure, the
tank being coupled to the first fluid inlet, and (iii) the liquid and
gas being provided to the device in a liquid-to-gas mass flow ratio
ranging from about 11 to about 3:1. [0038]In this system, the mist
further has a property that is selected from the group consisting of:
(i) a majority of droplets having a diameter ranging from 1 to 10
microns, (ii) a total liquid supply ranging between about fifty-seven
liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
liters (95 L.) (twenty-five gallons (25 gal.)) for each 130 cu. m.
(4590 cu. ft.) of enclosed space, (iii) defines a total extinguishing
volume of less than about 8 gallons (8 gal.) for each 130 cu. m.
(4590 cu. ft.) of enclosed space; and (iv) an extinguishment time
ranging from about 780 seconds to about 80 seconds for normalized
sized fires ranging between about (1 kW/cu. m.) to about (8 kW/cu.
m.). [0039]A further embodiment of the invention is a fire protection
system for addressing a fire with a mist. This system comprises at
least one atomizing device disposed in an enclosed space having a
volume of at least 130 cu. m. (4590 cu. ft.). The at least one
atomizing device includes: a first fluid inlet and a second fluid
inlet and means for atomizing a first fluid and with a second fluid.
In this system, the atomizing device is mounted within the enclosed
space in a manner that is selected from the group consisting of: (i)
at least two mist generating devices disposed in the enclosed space,
wherein the at least 130 cu. m. (4590 cu. ft.) is at least 260 cu. m.
-22-  WO 2009/061471PCT/US2008/012571 (9180 Cu. ft.), the at least
two mist generating devices disposed in diagonally opposed corners so
as to define a minimum spacing therebetween of about 3.4 m. (11 ft.),
(ii) being mounted in a pendent configuration for an enclosure height
ranging between about 3.0 m. (9.8 ft.) to about 5.0 m. (16.4 ft.)
with a clearance from any wall of the enclosed space ranging from 1.2
m. (4 ft.) to about 3.4 m. (11 ft.), (iii) being mounted in a
sidewall configuration for a sidewall enclosure height ranging
between about 1.0 m. (3.3 ft.) to about 5.0 m. (16.4 ft.)beneath a
ceiling of the enclosed space ranging from about 1.0 m. (3.3 ft.) to
about one half the ceiling enclosure height and with a clearance of
at least 1.0 m. (3.3 ft.) from any corner of the enclosed space, (iv)
at least two mist generating devices mounted in a pendent
configuration for an enclosure height ranging between about 3.0 m.
(9.8 ft.) to about 5.0 m. (16.4 ft.) with a clearance from any wall
of the enclosed space ranging from 1.2 m. (4 ft.) to about 3.4 m. (11
ft.) and spaced from one another by a distance ranging from about 3.4
m. (11 ft.) to about 6.7 m. (22 ft.), and (v) at least two mist
generating devices being mounted in a sidewall configuration for a
sidewall enclosure height ranging between about 1.0 m. (3.3 ft.) to
about 5.0 m. (16.4 ft.) beneath a ceiling of the enclosed space
ranging from about 1.0 m. (3.3 ft.) to about one half the ceiling



WO 2009/061471PCT/US2008/012571 [0040]This system further includes a
self-contained fluid supply source including a liquid supply coupled
to the first fluid inlet for discharge of liquid from the atomizing
device as an annulus, the fluid supply further including a gas supply
coupled to the second fluid inlet at a pressure ranging from about
2.1 bar (30 psi.) to about 24.1 bar (350 psi.) for discharge from the
atomizing device to mix with the liquid annulus in an optional
chamber as, e.g., disclosed herein, so as to form the mist to address
the fire. The fluid supply further having a property that is selected
from the group consisting of: (i) the liquid supply pressurized by
the gas supply, the liquid supply being coupled to the first fluid
inlet to provide the liquid to the inlet at a pressure of at least
0.5 bar (7 psi.) for liquid flow through the first fluid passage,
(ii) a pressurized gas supply that includes a bank of at least three
(3) 11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder
being coupled to a piping manifold coupled to the second fluid outlet
with a regulated discharge pressure from the manifold of at least 6.9
bar (100 psi.), and a liquid supply that includes at least one
ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fighting liquid pressurized by the gas supply discharge pressure, the
tank being coupled to the first fluid inlet, and (iii) the liquid and
gas being provided to the device in a liquid-to-gas mass flow ratio
ranging from about 1:1 to about 3:1. [0041]In this system, the mist
further has a property that is selected from the group consisting of:
(i) a majority of droplets having a diameter ranging from 1 to 10
microns, (ii) a total liquid supply ranging between about fifty-seven
liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
liters (95 L.) (twenty-five gallons (25 gal.)) for each 130 cu. m.
(4590 cu. ft.) of enclosed space, (iii) defines a total extinguishing
volume of less than about 8 gallons (8 gal.) for each 130 cu. m.
(4590 cu. ft.) of enclosed space; and (iv) an extinguishment time
ranging from about 780 -24-  WO 2009/061471PCT/US2008/012571 seconds
to about 80 seconds for normalized sized fires ranging between about
(1 kW/cu. m.) to about (8 kW/cu. m.). [0042]In another embodiment of
this aspect of the invention, there is provided a fire protection
system for addressing a fire with a mist, the fire having a
normalized fire size ranging between about (1 kW/cu. m.) to about (8
kW/cu. m.). This system comprises: an atomizer disposed in an
enclosed space having a volume of about 130 cu. m. (4590 cu. ft.).
The atomizer includes: a first fluid passage having a first fluid
inlet and a first fluid outlet disposed about a longitudinal axis of
the apparatus, the first fluid passage defining a working nozzle, a
second fluid passage having a second fluid inlet and a second fluid
outlet, the second fluid passage disposed about the longitudinal axis
of the apparatus and co-axial with the first fluid passage, the
second fluid passage defining a transport nozzle, a solid protrusion
disposed in the second fluid passage so that the transport nozzle
defines a divergent flow pattern with respect to the longitudinal
axis, and a chamber in communication with the working nozzle and
transport nozzle, a fluid supply source including a liquid supply
coupled to the first fluid inlet at a flow rate of about 5.7 Ipm (1.5
gpm) from the working nozzle, the fluid supply further including a
gas supply coupled to the second fluid inlet at a pressure ranging
from about 6.9 bar (100 psi) for discharge from the transport nozzle
to mix with the liquid in the chamber so as to form the mist to



-25-  WO 2009/061471PCT/US2008/012571 extinguishing volume of less
than about 8 gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of
enclosed space; and (iv) an extinguishment time ranging from about
780 seconds to about 80 seconds for normalized sized fires ranging
between about (1 kW/cu. m.) to about (8 kW/cu. m.). [0044]A further
embodiment of the invention is a water mist fire protection system to
extinguish a fire including an exposed, shielded, pool, spray and/or
cascading fire. This system comprises at least one atomizer installed
for introduction of a water mist volume into an occupancy, the at
least one atomizer coupled to a fluid supply and a gas supply, the
fluid supply being a water supply and the gas supply being a volume
of nitrogen gas (N2), wherein the water mist volume generated is
defined by the gas being delivered at a pressure ranging from about
2.1 bar (30 psi.) to about 24.1 bar (350 psi). [0045]Moreover, each
of the systems disclosed herein is preferably scalable to address
either an increasing or decreasing enclosure volume. More
specifically, one preferred system is preferably configured to
discharge a volume in relation to the size of the enclosed space to
be protected. Thus, in one preferred aspect of this embodiment, the
at least one atomizer is a single atomizer that provides
substantially equivalent fire protection compared to two or more of
the same atomizer, when the total volume discharged in the single
atomizer is equivalent to the total volume discharged by the two or
more atomizers. Methods of Mist Fire Protection [0046]One embodiment
of this aspect of the present invention is a method of mist fire
protection to address a tire in a substantially enclosed space having
a volume of at least one hundred thirty cubic meters (130 cu. m.
(4590 cu. ft.)), which comprises using at least one atomizing device
disposed in the space for discharge of -26-  WO
2009/061471PCT/US2008/012571 a mist into the space, the at least one
atomizing device being a twin fluid atomizing device for a first
fluid and a second fluid that includes a first fluid passage and a
second fluid passage, the first fluid passage having a first fluid
inlet and a first fluid outlet disposed about a longitudinal axis of
the device, the first fluid passage defining a smooth curving profile
that converges toward the longitudinal axis such that a flow path
decreases in a direction from the first fluid inlet to the first
fluid outlet, the first fluid passage defining a total volume ranging
between about 119,000 cu. mm. to about 121,500 cu. mm., the second
fluid passage having a second fluid inlet and a second fluid outlet
through which a second fluid passes, the second fluid passage
disposed about the longitudinal axis concentric with the first fluid
passage, the second fluid passage defining an equivalent angle of
expansion ranging from about 1 to about 40 degrees, the second fluid
passage defining a total volume ranging between 24,300 cu. mm. to
about 25,500 cu. mm., the second fluid passage defining a transport
nozzle. This method further includes generating a liquid mist using
the at least one atomizing device including: delivering a liquid as
the first fluid to the first fluid inlet through the first fluid
passage for a discharge of the liquid from the first fluid outlet as
an annulus, delivering a gas as the second fluid of to the second
fluid inlet of the device at an operating pressure ranging between
about 2.1 bar (30 psi.) to about 24.1 bar (350 psi.). for gas flow
through the second fluid passage and discharge from the second fluid
outlet to mix with the liquid annulus so as to form the mist, and



[0047]Another embodiment of this aspect of the present invention is a
method of total flooding mist fire protection for an enclosed space.
This method comprises: discharging a volume of mist from at least one
atomizing device into the enclosed space, distributing the volume of
mist so as to define a density for each unit of volumetric space in
the room capable of extinguishing a fire located anywhere in the
room, and providing a self-contained fluid supply source. The self
contained fluid supply source includes: a liquid supply coupled to
the at least one atomizing device for discharge of liquid from the
device as an annulus; and a gas supply coupled to the at least one
atomizing device at a pressure ranging from about 2.1 bar (30 psi.)
to about 24.1 bar (350 psi.) for discharge from the device to mix
with the liquid annulus so as to form the mist. In this method, the
providing further being selected from the group consisting of: (i)
the liquid supply pressurized by the gas supply, the liquid supply
being coupled to the first fluid inlet to provide the liquid to the
inlet at a pressure of at least 0.5 bar (7 psi.) for liquid flow
through the first fluid passage; (ii) a pressurized gas supply that
includes a bank of at least three (3) 11.3 cu. m. (400 cu. ft.)
nitrogen gas cylinders, each cylinder being coupled to a piping
manifold coupled to the second fluid outlet with a regulated
discharge pressure from the manifold of at least 6.9 bar (100 psi.),
and a liquid supply that includes at least one ninety-five liter -28-
WO 2009/061471PCT/US2008/012571 



(95 L.) (twenty-five gallon (25 gal.)) tank of fire fighting liquid
pressurized by the gas supply discharge pressure, the tank being
coupled to the first fluid inlet; and (iii) the liquid and gas being
provided to the device in a liquid-to-gas mass flow ratio ranging
from about 1:1 to about 3:1. [0048]This method may further comprise
generating the mist by means of one of the parameters selected from
the group consisting of: (i) a majority of droplets having a diameter
ranging from 1 to 10 microns, (ii) a total liquid supply ranging
between about fifty-seven liters (57 L.) (fifteen gallons (15 gal.))
to about ninety-five liters (95 L.) (twenty-five gallons (25 gal.))
for each 130 cu. m. (4590 Cu. ft.) of enclosed space, (iii) defines a
total extinguishing volume of less than about 8 gallons (8 gal.) for
each 130 cu. m. (4590 cu. ft.) of enclosed space, and (iv) an
extinguishment time ranging from about 780 seconds to about 80
seconds for normalized sized fires ranging between about (1 kW/cu.
m.) to about (8 kW/cu. m.). [0049]In this method, the at least one
atomizer may comprise: a first fluid passage having a first fluid
inlet and a first fluid outlet disposed about a longitudinal axis of
the apparatus, the first fluid passage defining a working nozzle, a
second fluid passage having a second fluid inlet and a second fluid
outlet, the second fluid passage disposed about the longitudinal axis
of the apparatus and co-axial with the first fluid passage, the
second fluid passage defining a transport nozzle, a solid protrusion
disposed in the second fluid passage so that the transport nozzle
defines a divergent flow pattern with respect to the longitudinal
axis, and a chamber in communication with the working nozzle and
transport nozzle. [0050]This method may further comprise generating
liquid droplets forming the liquid mist, wherein a majority of the
droplets have a diameter ranging from 1 to 5 microns. This method may
further comprise generating turbulence in the volume so -29-  WO
2009/061471PCT/US2008/012571 as to induce air currents capable of
transporting and dispersing the liquid mist In this method, the gas
may be discharged at a supersonic speed. In this method, the
discharging may include defining a total liquid volume to extinguish
a normalized fire size measured in kilowatts per cubic meter (kW/cu,
m.), the total extinguishing volume ranging respectively from about
0.57 liters per cubic meter (0.57 liters/cu. m.) (.0042 gallons per
cubic foot (.0042 gal./cu. ft.)) to 0.057 liters per cubic meter
(0.057 liters/cu. m.) (.00042 gallons per cubic foot (.00042 gal./cu.
ft.)) for a normalized range of fire sizes ranging from about one (1
kW/m3) to about eight (8 kW/m3).  [0051] The discharging may be a
function of the space being protected, which may have a volume of
about 260 cubic meter (cu. m.) and the liquid mist may define an
extinguishment volume of about four gallons (4 gal.) of liquid to
about forty gallons (40 gal.). [0052]In this method, discharging a
liquid mist extinguishes a fire and defines a range of extinguishing
times ranging respectively from about 780 seconds to about 80 seconds
for normalized fire sizes ranging between about (1 kW/cu. m.) to
about (8 kW/cu. m.). [0053]In this method, preferably, discharging a
liquid mist extinguishes a fire and defines a range of extinguishing
times from about 500 seconds to about 80 seconds for normalized fire
sizes ranging between about (1 kW/cu. m.) to about (8 kW/cu. m.).
[0054]In this method, more preferably, discharging a liquid mist
extinguishes a fire and defines a range of extinguishing times from
about, 420 seconds to about 80 seconds for normalized fire sizes



[0055]In another embodiment of this aspect of the invention, a method
of generating a mist is provided. This method comprises: passing a
first fluid through a first fluid passage of a mist generating
apparatus, wherein the first fluid passage has a first fluid outlet,
causing a second fluid to flow through a second fluid passage of the
mist generating apparatus, wherein the second fluid passage has a
second fluid outlet and a throat portion, the throat portion having a
smaller cross sectional area than the second fluid outlet, wherein
the first and second fluid outlets are oriented relative to one
another such that they have an angle of incidence between 5 and 30
degrees, accelerating the flow of second fluid through the throat
portion of the second fluid passage, and ejecting the first and
second fluids from their respective outlets such that a stream of
accelerated second fluid issuing from the second fluid outlet imparts
a shear force on a stream of first fluid issuing from the first fluid
outlet, thereby at least partially atomising the first fluid to
create a dispersed droplet flow regime. [0056]Another embodiment of
this aspect of the invention is a method of generating a mist. This
method comprises: passing a first fluid through a first fluid passage
of a mist generating apparatus, wherein the first fluid passage has a
first fluid outlet, causing a second fluid to flow through a second
fluid passage of the mist generating apparatus, wherein the second
fluid passage has a second fluid outlet and a throat portion, the
throat portion having a smaller cross sectional area than the second
fluid outlet such that the area ratio between the throat portion and
the second fluid outlet is between 2:3 and 1:4, wherein the first and
second fluid outlets are oriented relative to one another such that
they have an angle of incidence of less than 90 degrees, accelerating
the flow of second fluid through the throat portion of the second
fluid passage, and ejecting the first and second fluids from their
-31-  WO 2009/061471PCT/US2008/012571 respective outlets such that a
stream of accelerated second fluid issuing from the second fluid
outlet imparts a shear force on a stream of first fluid issuing from
the first fluid outlet, thereby at least partially atomising the
first fluid to create a dispersed droplet flow regime. [0057]The
previous two embodiments may further comprise: creating a turbulent
region in the second fluid downstream of the outlets and passing the
dispersed droplet flow regime through the turbulent region, thereby
further atomising the first fluid in the dispersed droplet flow
regime. [0058]The methods of the present invention may further
comprise the step of controlling the momentum flux ratio between the
first and second fluids by varying the velocity and/or density of the
first and/or second fluid. 



[0059]The methods of present invention may further comprise the step
of adjusting the cross sectional area of the first fluid outlet in
order to vary the exit velocity of the first fluid stream.
Preferably, the exit velocity is supersonic. Assembly Methods
[0060]In another embodiment of the present invention, a method of
assemblinb a mist generating apparatus is provided. This method
comprises the steps of: forming a base member containing first and
second fluid supply channels, forming a funnel member containing a
bore, and axially and concentrically locating the funnel member on
the base member such that the bore communicates with the second fluid
supply channel, forming an elongate plug member, and axially and
concentrically attaching the plug member to the base member such that
a portion of the plug member lies within the bore and a second fluid
passage is defined between the concentric funnel and plug members,
forming a cover member, the cover member having a first end adapted
to enclose the funnel and plug members, and adapted to -32-  WO
2009/061471PCT/US2008/012571 axially and concentrically locate on the
base member, the cover member further comprising a second end having
an outlet, and attaching the cover member to the base member such
that a first fluid passage is defined between an external surface of
the funnel member and an internal surface of the cover member, and a
first fluid outlet of the first fluid passage and the second fluid
outlet communicate with the outlet of the cover member. [0061]In one
aspect of this embodiment, the step of forming the funnel may include
forming a flange portion projecting radially therefrom, and wherein
the step of attaching the cover member to the base includes
sandwiching the flange portion of the funnel between the cover member
and the base. [0062]In another aspect of this embodiment, the step of
attaching the cover member to the base includes adapting the cover
member such that the axial position of the cover member may be
adjusted relative to the base. 



[0063]In a aspect of this embodiment, the step of attaching the plug
member to the base includes threading the plug member onto the base
such that the axial position of the plug may be adjusted relative to
the base and the funnel. The Atomizing Device [0064]In another
embodiment of the present invention, an atomizing device is provided.
This device comprises: a first fluid passage having a first fluid
inlet and a first fluid outlet disposed about a longitudinal axis of
the device, the first fluid passage defining a smooth curving profile
that converges toward the longitudinal axis such that a flow path
decreases in a direction from the first fluid inlet to the first
fluid outlet, the first fluid passage defining a total volume ranging
between about 119,000 cu. mm. to about 121,500 cu. mm., a second
fluid passage having a second fluid inlet and a second fluid outlet
through which a second fluid passes, the second -33-  WO
2009/061471PCT/US2008/012571 fluid passage disposed about the
longitudinal axis concentric with the first fluid passage, the second
fluid passage 'defining an equivalent angle of expansion ranging from
about 1 to about 40 degrees, the second fluid passage defining a
total volume ranging between 24,300 cu. mm. to about 25,500 cu. mm.,
the second fluid passage defining a transport nozzle, and a chamber
in communication with the first and second fluid outlets, wherein the
first and second fluid outlets are oriented relative to one another
such that they have an angle of incidence between about 5 degrees and
about 30 degrees. [0065]In another embodiment of this aspect of the
present invention, an atomizing device is provided, which device
comprises: a first fluid passage having a first fluid inlet and a
first fluid outlet disposed about a longitudinal axis of the device,
the first fluid passage defining a smooth curving profile that
converges toward the longitudinal axis such that a flow path
decreases in a direction from the first fluid inlet to the first
fluid outlet, the first fluid passage defining a total volume ranging
between about 119,000 cu. mm. to about 121,500 cu. mm. and a second
fluid passage having a second fluid inlet and a second fluid outlet
through which a second fluid passes, the second fluid passage
disposed about the longitudinal axis concentric with the first fluid
passage, the second fluid passage defining an equivalent angle of
expansion ranging from about 1 to about 40 degrees, the second fluid
passage defining a total volume ranging between 24,300 cu. mm. to
about 25,500 cu. mm., the second fluid passage defining a transport
nozzle, the second fluid passage being disposed at angle of incidence
between the first and second fluid flow paths, the angle of incidence
ranging between about 5 degrees and about 30 degrees. [0066]In
another embodiment of this aspect of the invention, an atomizing
device for generating a mist from a liquid and a gas is provided. The
atomizing -34-  



WO 2009/061471PCT/US2008/012571 device comprises: a first fluid
passage having a first fluid inlet for receipt of the liquid at a
flow rate between about 1-4 gpm, such as e.g., between about 3.8 !pm
to about 7.61 Ipm (1-2 gpm), the first fluid passage having a first
fluid outlet disposed about a longitudinal axis of the apparatus for
discharge from the first fluid passage as annulus, a second fluid
passage having a second fluid inlet for receipt of the gas at a
pressure of about 6.9 bar (100 psi.), the second fluid passage having
a second fluid outlet for discharge of the gas, the second fluid
passage isolated from the first passage disposed about the
longitudinal axis of the apparatus and co-axial with the first fluid
passage, a solid protrusion disposed in the second fluid passage so
that the second fluid passage defines a divergent flow pattern with
respect to the longitudinal axis. In this embodiment, the liquid and
gas are discharged from the first and second fluid outlets so as to
form a mist, which forms a substantially conical spray pattern. The
spray pattern defining an included angle with the longitudinal axis
of about 15 degrees. Preferably, the device further comprises a
chamber in communication with the first and second fluid outlets for
mixture of the liquid and gas discharge so as to form the mist.
[0067]In another embodiment of this aspect of the present invention,
there is provided a mist generating apparatus having a longitudinal
axis. This apparatus comprises: a first fluid passage having a first
fluid inlet and a first fluid outlet and a second fluid passage
having a second fluid inlet and a second fluid outlet. The first
fluid passage surrounds the second fluid passage, and the first and
second fluid outlets are oriented relative to one another such that
they have an angle of incidence between 5 and 30 degrees. The second
fluid passage has a throat portion located between the second fluid
inlet and the second fluid outlet, wherein the throat portion  WO
2009/061471PCT/US2008/012571 has a smaller cross sectional area than
that of either the second fluid inlet or second fluid outlet.
[0068]In this embodiment, preferably the area ratio between the
throat portion and the second fluid outlet is between 2:3 and 1:4.
[0069]In this embodiment, the first fluid passage may be located
radially outward from the second fluid passage. [0070]Preferably, the
first and second fluid passages are coaxial with the longitudinal
axis of the apparatus. [0071]In this embodiment, the first fluid
passage may comprise an intermediate portion located between the
first fluid inlet and the first fluid outlet, wherein the
intermediate portion has a cross sectional area which is larger than
that of either the first fluid inlet or the first fluid outlet.
[0072]In this embodiment, the apparatus may further comprise: a first
fluid supply channel haying a first end adapted to be connected to a
supply of a first fluid and a second end connected to the first fluid
inlet and a second fluid supply channel having a first end adapted to
be connected to a supply of a second fluid and a second end connected
to the second fluid inlet, wherein the first and second supply
channels are substantially parallel to the longitudinal axis of the
apparatus. Preferably, the apparatus further comprises a base member
that contains the first and second fluid supply channels. [0073]The
apparatus may further comprise a funnel member and an elongate plug
member, wherein the funnel member has a bore and is adapted to
coaxially locate upon the base member such that the bore communicates
with the second fluid supply channel, and wherein the plug member is



WO 2009/061471PCT/US2008/012571 member such that a portion of the
plug lies within the bore and the second fluid passage is defined
between the funnel and the plug. [0074]The apparatus may further
comprise a cover member which encloses the base member, the funnel
member and the plug member such that the first fluid passage is
defined between an outer surface of the funnel and an inner surface
of the cover member. Preferably, the cover member has a first end
adapted to coaxially locate upon the base member and be attached
thereto, and a second end having an outlet adapted to communicate
with the first and second fluid outlets. Preferably, the second end
of the cover includes an axially projecting lip portion, the lip
portion defining an aperture in communication with the first and
second fluid outlets. [0075]In the apparatus, the plug member has a
first end which attaches to the base member and a second end which
defines the second fluid passage, wherein the second end has an end
face which is concave. [0076]In the apparatus, the funnel member may
include a radially projecting flange portion, wherein the flange
portion is sandwiched between the base member and the cover member to
maintain the axial position of the funnel member relative to the base
member. [0077]The apparatus may be adapted such that the axial
position of the cover member may be adjusted relative to the base.
[0078]In the apparatus, the plug member may be threaded onto the base
such that the axial position of the plug member may be adjusted
relative to the base and the funnel. [0079]In another embodiment of
this aspect of the present invention, there is provided a mist
generating apparatus having a longitudinal axis. The apparatus -37-
WO 2009/061471PCT/US2008/012571 comprises: a first fluid passage
having a first fluid inlet and a first fluid outlet and a second
fluid passage having a second fluid inlet and a second fluid outlet.
The first fluid passage surrounds the second fluid passage and the
first and second fluid outlets are oriented relative to one another
such that they have an angle of incidence of less than 90 degrees. In
this apparatus, the second fluid passage includes a throat portion
located between the second fluid inlet and the second fluid outlet,
the throat portion having a smaller cross sectional area than that of
either the second fluid inlet or second fluid outlet such that the
area ratio between the throat portion and the second fluid outlet is
between 2:3 and 1:4. The apparatus includes the first fluid passage
being located radially outward from the second fluid passage.  [0080]
In this embodiment, the first and second fluid passages are coaxial
with the longitudinal axis of the apparatus. [0081]In this
embodiment, the first fluid passage includes an intermediate 



portion located between the first fluid inlet and the first fluid
outlet, the intermediate portion having a cross sectional area which
is larger than that of either the first fluid inlet or the first
fluid outlet. [0082]The apparatus of this embodiment further
comprises: a first fluid supply channel having a first end adapted to
be connected to a supply of a first fluid and a second end connected
to the first fluid inlet and a second fluid supply channel having a
first end adapted to be connected to a supply of a second fluid and a
second end connected to the second fluid inlet, wherein the first and
second supply channels are substantially parallel to the longitudinal
axis of the apparatus. In this embodiment, the apparatus further
comprises a base member that contains the first and second fluid
supply channels.  WO 2009/061471PCT/US2008/012571 [0083]The apparatus
may comprise a funnel member and an elongate plug member, wherein the
funnel member has a bore and is adapted to coaxially locate upon the
base member such that the bore communicates with the second fluid
supply channel, and wherein the plug member is adapted to be attached
to the base member such that a portion of the plug lies within the
bore and the second fluid passage is defined between the funnel and
the plug. [0084]In this embodiment, the apparatus further comprises a
cover member which encloses the base member, the funnel member and
the plug member such that the first fluid passage is defined between
an outer surface of the funnel and an inner surface of the cover
member. Preferably, the cover member has a first end adapted to
coaxially locate upon the base member and be attached thereto, and a
second end having an outlet adapted to communicate with the first and
second fluid outlets. In the apparatus of this embodiment, the second
end of the cover includes an axially projecting lip portion, the lip
portion defining an aperture in communication with the first and
second fluid outlets. [0085]In this embodiment, the plug member has a
first end which attaches to the base member and a second end which
defines the second fluid passage, wherein the second end has an end
face which is concave. [0086]In this embodiment, the funnel member
includes a radially projecting flange portion, wherein the flange
portion is sandwiched between the base member and the cover member to
maintain the axial position of the funnel member relative to the base
member. Preferably, the apparatus is adapted such that the axial
position of the cover member may be adjusted relative to the base. In
the apparatus of embodiment, the plug member may be threaded onto the
base such that the axial position of the plug member may be adjusted
relative to the base and the funnel. -39-  WO
2009/061471PCT/US2008/012571 [0087]Other alternative features of the
mist generating apparatus are possible. For example, the cross
sectional area of the throat portion may be between 20 and 35 mm2,
and an equivalent angle of expansion of the second fluid passage
between the throat and the second fluid outlet may be between 5 and
10 degrees. The cross sectional area of the second fluid outlet may
be between 4 and 7 times larger than the cross sectional area of the
first fluid outlet. Moreover, the first and second fluid outlets may
be located adjacent one another. Brief Descriptions of the Drawings
[0088]The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate exemplary
embodiments of the invention, and, together with the general
description given above and the detailed description given below,
serve to explain the features of the invention. 



[0089]FIG. 1 is .a schematic illustration of a preferred liquid mist
fire protection system. [0090]FIG. 2 is a schematic illustration of
another embodiment of a preferred liquid mist fire protection system.
[0091]FIG. 3A is an isometric schematic illustration of an embodiment
of the system of FIG. 1. [0092]FIG. 3B is an isometric schematic
illustration of another embodiment of the system of FIG. 1.
[0093]FIG. 3C is an isometric schematic illustration of another
embodiment of the system of FIG. 1. [0094]FIG. 3D is an isometric
schematic illustration of yet another embodiment of the system of
FIG. 1.  WO 2009/061471PCT/US2008/012571 [0095]FIG. 4A is an
installation schematic for the system of FIG. 3A. [0096]FIG. 4B is an
installation schematic for the system of FIG. 3B.           FIGS. 5-7
are respectively elevation, plan and side views of a self-contained
fluid supply skid for use in the systems of FIGS. 1 and 3A-3D.
[0097]FIG. 8 is a schematic illustration of the operation of the
systems of FIGS. 1 and 2. [0098]FIG. 9 is a performance plot
comparing preferred systems to known systems. 



[0099]FIG. 10 is another performance plot comparing preferred systems
to known systems. [0100]FIG. 11 is a cross-sectional view of one
embodiment of an atomizer assembly. [0101]FIG. 11A is a detailed view
of the atomizer assembly of FIG. 11. [0102]FIG. 12A is another
detailed view of the atomizer assembly of FIG. 11. [0103]FIG. 12B is
a diagram of the relationship between the passages of the atomizer of
FIG. 11. [0104]FIG. 13 is a cross-sectional view of the base of the
atomizer of FIG. 11. [0105]FIG. 13A is a plan end view of the base of
FIG. 13. [0106]FIG. 14 is a cross-sectional view of the funnel of the
atomizer of FIG. 11. [0107]FIG. 15 is a cross-sectional view of the
plug of the atomizer of FIG. 11. [0108]FIG. 16 is a cross-sectional
view of the cover of the atomizer of FIG. 11. [0109]FIG. 17 is a
cross-sectional view of an embodiment of another atomizer assembly.
[0110]FIG. 17A is a detailed view of the atomizer assembly of FIG.
17.  WO 2009/061471PCT/US2008/012571 [0111]FIG. 18 is a
cross-sectional view of an embodiment of another atomizer assembly.
[0112]FIG. 18A is a detailed view of the atomizer assembly of FIG.
18. 



[0113]FIG. 19 is a cross-sectional view of a fluid passage in the
atomizer of FIG. 11. [0114]FIG. 19A is a detailed view of the fluid
passage of FIG. 11. [0115]FIG. 20 is a schematic diagram of a spray
pattern from the atomizer of FIG. 11. [0116]FIG. 21 is an exploded
view of the atomizer of FIG. 11 and a protective cap. [0117]FIG. 22
is a plot showing the cumulative frequency distribution of droplet
sizes in a spray pattern from the atomizer of FIG. 11. Mode(s) For
Carrying Out the Invention  Preferred Systems  [0118]Shown in FIG. 1
is a preferred mist system 100, preferably a liquid mist, for
providing total flooding mist fire protection of an enclosed space
120. More specifically, the mist system 100 provides for droplets of
a fire fighting agent suspended in a gas that is distributed
throughout the enclosed space in a concentration effective to
address, preferably control or suppress and more preferably
extinguish a fire. The fire fighting agent is preferably a liquid
such as, for example, water. Alternatively, the fire fighting agent
can be steam or further in the alternative, the fire fighting agent
can be a foam such as, for example, an aqueous film forming foam
(AFFF). The AFFF can be made from a synthetically produced material
such as, for example, a liquid detergent mixed with water.  WO
2009/061471PCT/ITS2008/012571 [0119]Examples of an enclosed space 120
for which the mist system 100 is suited includes, but are not limited
to: engine rooms, turbo machinery rooms, or any other enclosure
requiring fire protection of flammable liquid hazards in machinery
spaces, special hazard machinery spaces, and/or combustion turbine
enclosures. The enclosed space 120 can be characterized by various
dimensional characteristics such as, for example, a total free volume
V measured in cubic meters (cu. m.) or cubic feet (cu. ft.); or by
its linear dimensions meters (m.) or feet (ft.) of length, height and
width. The total free volume V is defined as the volume of the
enclosure or room minus the fixed volume, in which the fixed volume
is defined by the fixed or permanent equipment or other solid
obstruction located in the enclosure. [0120]The enclosed spaced 120
is preferably sealed off to prevent any ventilated exchange between
the interior of the enclosed space and the outside environment.
Alternatively, the maximum total area of all natural ventilation
openings into the space, i.e., doorways, is no more than 4.0 square
meters (sq. m.) (43.1 square feet (sq. ft.)). Further in the
alternative, the maximum area of natural ventilation openings can
increase provided the enclosed space has fire rated closures that
automatically close upon actuation of the system 100. To the extent
the enclosed space has forced ventilation systems, i.e., fans and/or
dampers, the forced ventilation systems are preferably configured to
shut off upon actuation of the preferred fire protection system 100.
[0121]The preferred system 100 includes at least one, and preferably
two or more, devices 130 for generating and discharging a mist into a
substantially enclosed space 120 to be protected which defines an
enclosure volume V. The discharging devices 130 are preferably liquid
atomizing devices or atomizers. In the liquid mist system 100, each
of the atomizers 130 is in communication with a liquid  



WO 2009/061471PCT/US2008/012571 source 140 of fire fighting fluid,
preferably water, and a pressurized gas source 150, preferably
nitrogen or some other compressible fluid. The gas source 150
preferably serves as an atomizing gas to generate the liquid mist and
as a carrier gas for distribution of the liquid droplets forming the
liquid mist. The gas source 150 is preferably inert and therefore the
gas can further serve as an inerting agent, enhancing fire
suppression performance. [0122]Preferably, the liquid source 140 and
the gas source 150 of the system 100 form a self-contained assembly
such that the system 100 has an independent source of liquid and gas.
In the preferred system 100, the liquid source 140 is preferably a
dedicated stand alone tank of fire fighting liquid, and the gas
source 150 is preferably a bank of inert gas cylinders. The gas
source 150 is connected to a feed line which is coupled to,
preferably in parallel, to the tank of water 140 and each one of the
atomizers 130. The gas source 150 pressurizes the liquid source 140
so that the water can be provided to each atomizer 130 at a desired
working pressure. The separate gas feed to the atomizers 130 provides
the gas with which to atomize and entrain the liquid for mist
generation. The gas discharge from the atomizers further provide for
the high velocity, preferably sonic to supersonic velocity gas to
transport and distribute the mist throughout the enclosure volume V.
The liquid source 140 and gas source 150 are preferably sized to
provide for a discharge duration from the atomizers of at least about
ten minutes, although the system 100 can be configured for total
discharge of the available liquid and gas supplies in a time that is
either greater or less than ten minutes. [0123]Shown in FIG. 2 is an
alternate embodiment 200 of the preferred mist system. Instead of
utilizing self-contained liquid and gas supplies, the system 200 uses
available water and gas supplies of the facility being protected. For
example,  WO 2009/061471PCIYUS2008/012571 the system 200 and each of
its atomizers 230 can be connected, via a manifold 252, to the main
water supply 240 and the gas supply 250 of the facility, such as a
plant, being protected by the preferred system. [0124]Referring again
to FIG. 1, the preferred system 100 provides, within the enclosed
space 120, one or more detectors 160 capable of detecting the
presence of a fire 110 in the enclosed space 120. The detectors 160
(260 in FIG. 2) are further preferably coupled to a pneumatic
actuator 180 to provide automatic operation of the system 100. The
detectors are further preferably configured to generate a signal to
operate the pneumatic actuator 180. The detectors 160 are further
preferably coupled to alarm panel 170 (270 in FIG. 2) to alert system
operators for manual operation of the system. The detectors 160 can
be configured as any one of a heat detector, infrared detector, fixed
temperature detector, rate of temperature rise detector, smoke
detector, chemical vapor detector, optical detector or a combination
thereof. The detectors provide the system 100 redundancy or a double
interlock configuration to prevent false trips of the system 100. In
operation, the heat detectors 160 are preferably configured to
generate a signal to trip an alarm signal at the panel 170 in order
to provide audible and/or visual alarm signals that a fire 110 has
been detected in the space 120. [0125]The operation of the actuator
180 preferably initiates a discharge of gas from the gas source 150.
The discharged gas pressurizes the liquid source 140 for delivery of
the liquid fire fighting agent to each of the atomizers 130 at a



WO 2009/061471PCT/US2008/012571 incoming liquid to generate the
liquid mist for discharge into the space 120 to address a fire 110.
The gas is also delivered directly to the atomizer 130 to atomize the
incoming fluid and for discharge as a high velocity jet stream. The
liquid mist and gas is discharged with sufficient momentum to
dislodge a protective cap disposed about the outlet of the atomizer.
The protective cap 1002, shown for example in FIG. 21 (along with a
preferred embodiment of an atomizer 1000), covers the outlet of the
atomizer to protect the internals of the atomizer in its non-actuated
state from any debris or contaminants that may be in the enclosed
space 120. The gas is preferably discharged at a sonic to supersonic
velocity, capable of creating turbulence within the enclosed space
120 and/or inducing low velocity currents that can transport and
distribute the liquid mist throughout the enclosed space 120 to
provide for preferred liquid mist total flooding fire protection.
[0126]The liquid mist is preferably composed of a large quantity of
liquid droplets ranging in size from about 1 micron to about 10
microns and more preferably 1 to about 5 microns that are capable of
being transported by the induced air currents. The discharged liquid
droplets are dispersed throughout the enclosed space 120 so as to
surround the fire 110. The droplets engage the fire, evaporate and
generate a large volume of steam or liquid vapor capable of
displacing oxygen. The rate of discharge of liquid mist and its
density or concentration throughout the space is such that the rate
of evaporation can effectively displace the oxygen so as to address
the fire, preferably control or suppress the fire, and even more
preferably extinguish the fire. In addition to displacing oxygen, the
liquid vapor dilutes flammable vapors by the entrainment of the
liquid vapor. As the liquid is converted to vapor, heat is extracted
from the fire to cool the fuel.  WO 2009/061471PCT/US2008/012571
[0127]Further preferred embodiments of a liquid mist fire protection
system with a self-contained fluid supply are shown schematically in
FIGS. 3A-D, 4A and 4B and described in TYCO FIRE & BUILDING PRODUCTS
draft Data Sheet TFP2280 entitled, "AquasonicTM: Total Flooding Water
Mist Type 130 and 260 Systems" (Draft-November, 2007), which is
attached to U.S. Provisional Patent Application No. 60/989,083 and
incorporated by reference in its entirety. The system 300' of FIG. 3A
is preferably configured with two atomizers 330' pendent mounted for
protection of a substantially enclosed space defining a free volume
up to 260 cubic meters (cu. m.) (9180 cu. ft.). The system 300" of
FIG. 3B is preferably configured with two atomizers 330" sidewall
mounted for protection of a substantially enclosed space defining a
free volume up to 260 cubic meters (cu. m.) (9180 cu. ft.). The
system 400' of FIG. 3C is preferably configured with a single
atomizer 430' that is pendent mounted for protection of a
substantially enclosed space defining a free volume up to 130 cubic
meters (cu. m.) (4590 cu. ft.). The system 400" of FIG. 3D is
preferably configured with a single atomizer 430" sidewall mounted
for protection of an area up to 130 cubic meters (cu. m.) (4590 cu.
ft.). For the pendent mounted systems 300', 400', fire protection is
preferably provided to the enclosed space 120 in which the enclosure
height can vary from about 3.0 meters to about 5.0 meters (about 9.8
ft. to about 16.4 ft.) up to about 8.0 meters (26.2 ft.). For the
sidewall systems 300", 400", fire protection is preferably provided
to the enclosed space 120 in which the enclosure height can vary from



[0131]In the case of the dual sidewall atomizer system 300", the
atomizers 330' are preferably located on opposite adjacent quadrants
or corner areas of the enclosure 20' as shown, for example, in the
plan installation schematic of FIG. 4B. More preferably, the two
atomizers 330' should have a space in between so as to define a
perpendicular distance Dp between the atomizers' centerlines CL of
discharge ranging between a minimum of about 1.0 meters (3 ft-3 in.)
to a maximum of about 4.6 meters (15 ft-1 in.). Preferred Piping
Installation of the Water Mist Systems [0132]Each of the atomizers in
a preferred liquid mist system is preferably coupled to the fluid
supply to ensure that the liquid is delivered to the atomizers at a
preferred substantially constant flow rate and the gas is delivered
to the atomizers at a desired operating pressure. A more preferred
installation of a mist fire protection system having two atomizers
for the protection of a 260 cubic meter space (9180 cu. ft.)with a
self-contained fluid supply of gas and nitrogen gas is described in
ANSUL INC. publication, Ansul Part No. 435650, entitled "AquasonicTM
Water-Atomizing Fire Suppression System: Design, Installation,
Recharge and Maintenance Manual" (2008), which is incorporated by
reference in its entirety. The preferred installation -49-  WO
2009/061471PCT/US2008/012571 provides for a system in conformance
with the requirements of the NATIONAL FIRE PROTECTION ASSOCIATION
published standard, "NFPA 750: Standard on Water Mist Fire Protection
Systems" (May 2006). The preferred system is installed so as to
provide automatic, manual and optional remote operation. As a
self-contained system, the preferred installation provides for a
portable skid mount for the liquid supply, gas supply and associated
system controls. The skid is preferably configured for outdoor or
indoor mounting, wherein particular, the skid defines a fluid supply
and control assembly having a foot print or overall dimension such
that the assembly can be moved through standard size doorways.
[0133]Shown at FIGS. 5-7 is a preferred self-contained fluid supply
skid 500 for use in any one of the above described fluid mist
systems. The preferred supply skid 500 includes a liquid source
configured as a tank 502 having with a capacity of at least 95 liters
(25 gallons) and more preferably capacity of about 191 liters (50
gallons) containing a fire fighting liquid, preferably water, for
protection of at least a 130 cu. m. (4590 cu. ft.) enclosed space,
and more preferably a 260 cu. m. (9180 cu. ft.) enclosed space. The
tank 502 may be alternatively sized to provide a water supply based
on the volume of the protected enclosure; however the tank should be
sufficiently sized to provide for a mist discharge duration of at
least ten minutes. The tank 502 is a pressure vessel, preferably ASME
certified, to at least about 14.8 bar (215 psi.). The tank 502
further includes a fill inlet 506 and an outlet 508 for connection to
system piping in communication with one or more atomizers. [0134]The
supply skid 500 further includes a gas source 510 that is preferably
configured as a bank of cylinders of a substantially inert gas, for
example, nitrogen gas. In the supply skid 500 shown, the bank of
cylinders includes a total of six 11.3 cu. m. (400 cu. ft.) nitrogen
gas cylinders staged for the protection of the 260 cu. m. -50-  WO
2009/061471PCT/US2008/012571 (9180 cu. ft.) enclosed space. More or
fewer cylinders may be provided depending upon the size of the space
being protected, for example, the supply skid for protection of the
130 cu. m. (4590 cu. ft.) enclosed space includes a total of three



WO 2009/061471PCT/US2008/012571 [0137]The manifold 514 further
preferably includes a branched discharge outlet end 513 for coupling
to the water tank 502 to pressurize the tank 502 of water or other
liquid supply to a discharge pressure at the water feed outlet 508 of
at least about 7.6 bar (110 psi.). Given the preferred size of the
liquid and gas supplies in the preferred self-contained fluid supply
skid 500, the piping between the feed outlet and each of the
atomizers is sized so as to have a maximum piping volume of no more
than about 50 liters (13 gal.) using pipe ranging from 15 mm.(1/2
inch) to 25 mm. (1 inch) pipe in diameter. Referring back to the
system schematic of FIG. 1, the water supply piping further
preferably includes an in-line orifice device 132 proximate the inlet
of each atomizer inlet to step down the fluid pressure to the
atomizer to a preferably substantially constant pressure of about 0.5
bar (7 psi.) and a more preferred flow rate of about 5.7 Ipm (1.5
gpm). The preferred in-line restriction orifice has a restriction
orifice diameter preferably ranging from about 0.080 inches to about
0.092 inches with a coefficient of flow efficiency (Cd) of
approximately 0.78. Alternatively or in addition to, the in-line
orifice defines a range of K-factors ranging from about 2.13
Ipm./(bar)1/4 (0.148 gpm./(pse) to about 2.13 Ipm./(bar)% (0.196
gpm./(psi)1/2), wherein the total flow from the atomizer and orifice
assembly is equal to the K-factor multiplied by the square root of
the water supply pressure. Accordingly, the gas regulator and the
liquid orifice facilitate a constant preferred liquid to gas mass
flow ratio in each of the atomizers [0138]The liquid mist systems
preferably provide for manual, automatic and/or remote actuation of
the system. Accordingly, as seen in FIG. 5, the supply skid 500
preferably includes a control panel 515 that automatically actuates
the liquid mist system after receiving an input signal from one or
more initiating devices, i.e., a manual actuator or one of the
detectors 160. The control panel 515 further -52-  WO
2009/061471PCT/US2008/012571 preferably provides for manual actuation
of the system with a manual operating switch that can be operated
locally or remotely. [0139]A preferred method of operation for each
of the preferred water mist systems is shown in the schematic
illustration of FIG. 8. The preferred method provides generating a
liquid mist to effectively do at least one of address, control,
suppress or more preferably extinguish a fire 110 in the enclosed
area to be protected. In addition, the preferred method includes
distributing the mist throughout the enclosed space 120 to
effectively do at least one of address, control, suppress or more
preferably extinguish a fire 110 in the enclosed area to be
protected. The distribution of the liquid mist throughout the
enclosed space 120 preferably provides total flooding of the mist
within the enclosed spaces so as to substantially distribute the mist
evenly or homogeneously throughout the enclosed space such that each
unit volume of the enclosed space contains at least an amount or
concentration of mist to effectively address the fire 110 regardless
of the location or orientation of the mist generating device relative
to the fire. [0140]Distributing the liquid mist further preferably
includes generating turbulence in the enclosed space so as to induce
currents capable of transporting and dispersing the liquid mist.
Preferably, the atomizers of the system discharge a gas in the
enclosed space 120 at a high velocity ranging from sonic to a more



WO 2009/061471PCT/US2008/012571 shielded or obstructed by an object
from the atomizer 130 or alternatively address a fire located outside
the direct discharge path of the atomizer 130. Thus, the preferred
method provides fire protection throughout substantially the entire
enclosed space 120, independent of the location of the atomizer 130
relative to the fire. Moreover because the minimum amount of mist
sufficient to address a fire is a function of the enclosure volume V
of the enclosed space 120, the method of mist protection is
independent of any particular linear dimensional characteristic of
the enclosed space 120. [0142]In addition, the minimum mist density
may be a function of the manner in which a fire is to be addressed.
For example, the preferred method can provide for a mist density
configured to address a fire by any one of: control, suppression
and/or extinguishment of a fire. More specifically, the preferred
system and its method of generating a liquid mist that includes
providing an appropriate distribution of droplets having a droplet
size effective to address a fire. Preferably, the liquid mist is
substantially composed of liquid droplets having a diameter under 50
microns, more preferably under 10 microns and even more preferably
ranging from about 1 to about 5 microns. The small water droplet size
makes it possible for low velocity air currents, stemming from the
preferably generated turbulence, to transport and evenly distribute
these droplets in multiple directions within the enclosed space 120.
[0143]It is believed that generating a liquid mist having liquid
droplets in the preferred size range in combination with homogeneous
distribution of the liquid mist throughout the enclosed space 120 can
effectively address a fire independent of the location or orientation
of the atomizer 130 by taking advantage of the evaporative capability
of the liquid, for example water, to displace oxygen so as to starve
a fire of oxygen in order to address, control, suppress or more
preferably extinguish it. The -54-  



WO 2009/061471PCT/US20081012571 oxygen displacement by water vapor
occurs both locally, i.e., within the flame of the fire, and
globally, i.e., outside the flame and within the enclosed space 120.
Moreover the conversion of the water to vapor provides for the other
fire fighting mechanism described above, for example, extracting heat
from the fire cooling the fuel. [0144]Water displaces oxygen by its
evaporation, conversion and expansion from liquid to vapor. A liter
of liquid water at atmospheric pressure expands to approximately
1600-1700 liters of water vapor upon evaporation. Accordingly, the
displacement capability of liquid mist for a unit volume of liquid
mist is directly related to the proportion of its volume capable of
evaporation upon engagement with a fire or the heat emanating
therefrom. Thus, the preferred mist systems and their method of
operation deliver into the enclosed space 120 a discharge of mist in
which a large proportion of the mist is capable of evaporation in a
region proximate the fire plume. Typical fire plumes to be addressed
by the preferred systems, range in velocity from about 1.5 meters per
second (5 ft. per second) to about 15 meters per second (50 ft. per
sec.), and the region in which water droplets of a water mist need to
evaporate is within the initial 8 cm. to 30 cm. (3 to 12 inches) of
the fire plume. [0145]Not wishing to be limited by any particular
theory, it is believed that water droplets within this region need to
evaporate preferably within a range of 0.02 seconds to about 0.05
seconds to directly extinguish the fire through substantially
localized oxygen depletion. By having a water mist in which a large
distribution of the water droplets have a size in the preferred
droplet size range of under 10 microns, the mist contains a
distribution of droplets that can be evaporated within the 0.02 to
0.05 second range upon being within the initial 8 cm. to 30 cm. (3 to
12 inches) of the fire plume.  WO 2009/061471PCT/US2008/012571
[0146]Moreover, because a greater portion of the discharge mist is
used for oxygen depletion, a lesser amount of liquid is required to
effectively address a fire as compared to conventional sprinkler
systems. The preferred method of liquid mist fire protection, or more
specifically total flooding, is believed to also use less water than
known water mist fire protection systems to effectively address a
fire. The preferred method and its discharged liquid mist includes
additional mechanisms with which to address a fire growth, for
example, in addition to displacing oxygen, the evaporation of the
water droplets extracts heat from the fire thereby cooling the fuel.
[0147]The preferred mist systems and methods present an
environmentally friendly or "green technology" for fire protection.
Specifically, the low volumes of water used by the systems minimizes
the water waste and runoff. In addition, the use of the preferred
nitrogen gas as an atomizing and transport fluid does not present an
additional hazard to the environment, system operators or personnel
in the event of a fire and system actuation. System Parameters
[0148]The design and performance of the preferred liquid mist systems
as a whole can be defined as a function of one or more system input
parameters such as, for example, the pressure and/or flow rate of the
fluids to the atomizing devices, the volume and configuration of the
enclosed space 120 to be protected, the fuel in the enclosed space to
be protected, the anticipated fire type/size to be addressed by the
system, and/or the size and configuration of ventilation opening in
the enclosed space. [0149]More specifically, the volume, flow, mist



[0150]Described herein below, for example, with respect to using the
preferred atomizer of FIG. 11. Applicants have identified an inlet
gas pressure or gas operating pressure for formation of the preferred
liquid mist that ranges from about 2.1 bar to 24.1 bar (30 psi to 350
psi.); preferably ranges from about 5.0 bar to 13.8 bar (72 psi. to
about 200 psi); more preferably ranges from about 5.9 bar to 9.0 bar
(85 psi. to about 130 psi.); yet even more preferably ranges from
about 6.9 bar to about 8.4 bar (100 psi. to about 122 psi.); and is
most preferably about 7.6 bar (110 psi.). Alternatively or in
addition to, these inlet gas pressures define mass flow rates and
volumetric gas flow rates that preferably range from about 0.0141
kg/s (25 scfm) to about 0.1667 kg/s; 0.0476 kg/s (84 scfm) to about
0.0619 kg/s (109 scfm) and is preferably about 0.0476 kg/s (84 scfm).
The preferred water mist systems and their operation are also more
efficient than known water mist systems because the preferred systems
300', 400' operate at lower pressures than the known high pressure
water mist systems. Specifically, known high pressure water mist
systems require minimum operating pressure of about 70 bar (1015
psi.). Comparatively, the -57-  WO 2009/061471PCT/US2008/012571
systems 300, 400 only require a minimum operating pressure of about
6.9 bar (100 psi.). [0151]Applicants have determined that in order to
generate a fluid mist effective to address a fire growth using the
preferred atomizers, an appropriately configured supply of liquid at
the atomizer inlet in view of the inlet supply of gas is required.
Preferably, the liquid pressure at the liquid inlet of the preferred
atomizer is about 0.5 bar (7 psi.) and at a flow rate of about 1-4
gpm, such as e.g., about 3 gpm or about 3.8 Ipm to about 7.61 Ipm
(1-2 gpm). More preferably, the performance of a preferred water mist
system and the characteristics of the fluid mist to be discharged are
a function of the mass flow ratio of liquid to gas. More
specifically, the applicants have determined that the preferred
atomizers 130 provide an effective liquid mist where the fluids at
the inlet of the atomizer 130 provide a liquid to gas mass flow ratio
within the range of about 1:1 to about 3:1, and more preferably from
about 1.75:1 to about 2.25:1 to about 2.5:1 for a given inlet mass
flow or pressure of gas to the atomizing device. Because such a ratio
can be defined by one fluid as a function of the other, the atomizer
performance and therefore the fire fighting performance of the system
can be determined by the inlet characteristics of at least one fluid,
preferably the gas. [0152]Alternatively, system design and
performance can be a function of room size. For example, one
preferred embodiment of the mist system provides for discharging at
least one of a minimum and maximum volume of liquid mist, measured in
liters (L) (gallons (gal.)), to address a fire in the enclosed space
120. In one particular embodiment of the preferred mist system a
volume of liquid mist discharge ranges from a minimum of about 22.7
liters (6 gal.) of liquid to about 57 liters (15 gal.) for fire
protection of an enclosed space 120 having a volume of about -58-  WO
2009/061471PCT/US2008/012571 260 cu. m. (9180 cu. ft.). The method
further defines for fire protection of an enclosed space 120 having a
volume of about 130 cubic meter (cu. m.) (4590 Cu. ft.) with a volume
of liquid mist discharge ranging from a minimum of 11.4 liters (3
gal.) of liquid to about 28.4 liters (7.5 gal.) for the same
concentration of droplets. In one preferred aspect, a total liquid
supply volume of a preferred system preferably ranges from



[0154]Because the preferred design and method of operation of the
preferred systems can provide for a total volume to extinguish a
fire, the preferred system parameters can further define a range of
times to extinguishment for a range of -59-  WO
2009/061471PCT/1JS2008/012571 normalized fire sizes. In one aspect of
the preferred method, the extinguishing times for a preferred system
ranges from about 780 seconds to about 80 seconds, preferably from
about 500 seconds to about 80 seconds, and more preferably from about
420 seconds to about 80 seconds, for a normalized range of fire sizes
ranging from about 1 kW/cu. m. to about 8 kW/cu. m. Performance &
Scalability [0155]Three of the preferred mist systems described above
were tested under various fire challenges in an enclosed space 120
measuring 7.72 m. (25.3 ft.) (long) by 6.55 m. (21.5 ft.) (wide) by
5.1 (16.8 ft.) (tall) for a volume V of about 260 cu. m. (9180 cu.
ft.) With reference back to FIGS. 3A-3C the following systems: (i)
mist system 300' having two ceiling mounted atomizers 330'; (ii) mist
systems 300" having two sidewall mounted atomizers 330"; and (iii)
mist system 400' with a single ceiling mounted atomizers 430'. The
atomizers of each system were located in a preferred manner as
described above, with the ceiling mounted atomizers at a minimum
clearance of about 1.2 m. (4 ft.) from the enclosure wall, and the
sidewall atomizers located on the short walls to maximize its
discharge distance. [0156]Each of the systems was tested with a
heptane fuel fire in which heat release rate (HRR) is varied as
follow: 250 kW, 500 kW, 1000 kW and 2000 kW. For each fire scenario,
the fuel was located in a circular pan with a diameter that varied
with the amount of fuel, Dia. (cm.)/Amt of Fuel (liters), as follows:
45 cm../ (16 liters) for the HRR of 250 kW; 62 cm./ (30 liters) for
the HRR of 500 kW; 79 cm../ (24.5 liters) for the HRR of 1000 kW; and
112 cm./ (49 liters) for the HRR of 2000 kW. For each of the 1000 kW
and 2000 KW fire, equal parts water was added to the fuel. The test
fires were located on the floor in the geometric center of the
enclosed space, underneath a (2.0 m. x 2.0 m.) steel table
obstruction, with the obstruction -60-  WO
2009/061471PCT/US2008/012571 about 0.7 m. above the circular pan of
fuel. Additionally, each fire was allowed to burn (pre-burn) for a
predetermined period of time before the water mist suppression system
was turned on. The 250 kW and 500 kW fires were allowed to pre-burn
for 120 seconds, and the 1000 kW and 2000 kW fires were allowed to
pre-burn for 30 seconds. [0157]For each fire scenario, each of the
two atomizer systems 300', 400' was tested first with a water flow
rate to nitrogen gas pressure of 5.7 Ipm (1.5 gpm) for 6.9 bar (100
psi.) delivered to each atomizer, and then subsequently tested with a
water flow rate to nitrogen gas pressure of about 9.5 Ipm (2.5 gpm)
for 12.1 bar (175 psi.) deliver to each atomizer. The single atomizer
system was tested first with a water flow rate to nitrogen gas
pressure of 11.4 Ipm (3 gpm) for 13.8 bar (200 psi.) delivered to
each atomizer, Each of the systems was tested with a heptane fuel
fire by measuring, for a given heat release rate: (i) the system's
time to extinguishment; (ii) total mist volume discharge at the time
of extinguishment; and (iii) oxygen concentration in the enclosed
space 120 at the time of extinguishment. [0158]Summary of Test
Results for Two Ceiling Mount Atomizers Fire Size HRR [kW) Normalized
Fire Size [kW/cu. m.] 



Pressure to Ea. Atomizer rbar (psi.)] Total Flow Rate From System [
Ipm (gpm)] TimeTo Ext. [sec.] Final02 [T M TotalFlowat Ext. [L.
(gal.)] 2000 7.69 6.9(100) 11.4 (3.0) 111 15.4 21.2 (5.6) 2000 7.69
12.1 (175) 17.8 (4.7) 



111 15.5 32.9 (8.7) 1000 3.85 6.9 (100) 11.4 (3.0) 374 15.7 70.8
(18.7) 1000 3.85 12.1 (175) 18.2 (4.8) 216 15.4 86.3 (22.8) 500 1.92
6.9 (100) 



11.4 (3.0) 455 15.4 86.3 (22.8) 500 1.92 12.1 (175) 18.9 (5.0) 301
15.0 95.0 (25.1) 250 0.96 6.9 (100) 11.4 (3.0) 1018 15.0 193 (50.9)
136 (35.9) 250 



0.96 12.1 (175) 18.9 (5.0) 431 15.1          WO
2009/061471PCT1US2008/012571 [0159]Summary of Test Results for Two
Sidewall Mount Atomizers Fire Size HRR [kVV] Normalized Fire Size
[kW/cu. m.] Pressure to Ea.Atomizer 



[bar (psi.)] TotalFlow RateFrom System1 'Pm (qpm)] TimeTo Ext. [sec.]
Final 02 com Total Flow at Ext. [L. (gal.)] 2000 7.69 6.9 (100) 11.4
(3.0) 82 17.0 15.5 (4.1) 2000 7.69 12.1 (175) 18.9 (5.0) 



85 16.0 26.9 (7.1) 1000 3.85 6.9 (100) 11.4 (3.0) 224 16.8 42.4
(11.2) 1000 3.85 12.1 (175) 18.9 (5.0) 164 17.0 51.9 (13.7) 500 1.92
6.9 (100) 11.4 (3.0) 



349 16.5 66.2 (17.5) 500 1.92 12.1 (175) 18.9 (5.0) 319 15.6 101
(26.6) 250 0.96 6.9 (100) 11.4 (3.0) 866 15.6 164 (43.3) 250 0.96
12.1 (175) 18.9 (5.0) 



501 15.3 158 (41.8)         [0160]Summary of Test Results for Single
Ceiling Mount Atomizers Fire Size HRR kW] Normalized Fire Size
[KW/cu. m.] Pressure to Ea. Atomizer [bar (psi)] TotalFlow RateFrom
System (limn (113m)] 



Time To Ext [sec.] Final 02 [Yo] Total Flow at Ext. [L. (gal.)] 2000
7.69 13.8 11.4 (3.0) 145 14.7 27.6 (7.3)   (200)     1000 3.85 13.8
11.4 (3.0) 



237 15.2 45.0 (11.9)   (200)     500 1.92 13.8 11.4 (3.0) 500 16.1
94.6 (25.0)   (200)  



250 0.96 13.8 11.4 (3.0) 766 16.1 145 (38.3)   (200)         



[0161]Successful fire test results demonstrate the capability of the
preferred systems and methods described herein to provide effective
fire protection. Moreover, the fire tests demonstrate that the system
performance is influenced by, e.g., one or more of the input system
parameters discussed above. [0162]For example, shown in FIG. 9 are
three plots for the total water consumption to extinguishment over a
range of nominal normalized fire sizes in the preferred systems 300',
300", 400' described above. The normalized fire is the fire size per
unit volume of the enclosure measured in kilowatts per cubic meter
(kW/cu. m.). Plot 600 shows the water consumption to extinguishment
for the preferred -62-  WO 2009/061471PCT1US2008/012571 system 300'
in which two atomizers 330' are ceiling mounted. Plot 602 shows the
water consumption to extinguishment for the preferred system 400' in
which a single atomizer 430' is ceiling mounted. Plot 604 shows the
water consumption to extinguishment for the preferred system 300" in
which two atomizers 330" are sidewall mounted. [0163]The three plots
600, 602, 604 are substantially similar over the range of nominal
normalized fire sizes. The plots 600, 602, 604 therefore illustrate
that the preferred systems and methods provide substantially constant
fire protection performance regardless of where or in what manner the
atomizers are mounted within the enclosure. More specifically, the
plots 600, 602, 604 indicate that a single atomizer system can
perform the same as a dual atomizer system, i.e., require
substantially the same amount of water to extinguishment, for a
common range of nominal fire sizes, preferably ranging from about 1
kW/cu. m. to 8 kW/cu. m. Therefore, it is believed that a preferred
system having a single atomizer can perform the same as a system with
two atomizers provided their total flow rates are equal. Thus, a
system 400' with a single atomizer 430' can be appropriately scaled
by discharging liquid at a flow rate of 11.4 Ipm (3 gpm) to provide
equal fire protection as a system 300', 300" having two atomizers
330', 330" each discharging at a flow rate of 5.7 Ipm (1.5 gpm). The
other plots 606, 608 respectively show the performance of a known
high pressure water mist system and a low pressure water mist system,
each of which require a greater amount of water for extinguishment.
[0164]Another set of performance plots 700, 702, 704 is provided at
FIG. 10, in which each plot shows the time to extinguishment for a
nominal normalized fire heat release rate. Plot 700 shows the time to
extinguishment for the preferred system 300' in which two atomizers
330' are ceiling mounted. Plot 702 shows the time to -63-  



WO 2009/061471PCT/US2008/012571 extinguishment for the preferred
system 400' in which a single atomizer 430' is ceiling mounted. Plot
704 shows the time to extinguishment for the preferred system 300" in
which two atomizers 330" are sidewall mounted. The other plots 706,
708 of FIG. 10 show the time to extinguishment respectively for a
known high pressure mist system and a low pressure mist system. The
plots 700, 702, 704 for the preferred systems substantially converge
for a normalized fire size of about 8 kW/cu. m. and only vary
relatively slightly as the normalized fire size decreases. Again, the
plots 700, 702, 704 demonstrate that the preferred systems can be
configured to provide substantially the same fire protection
performance, i.e., time to extinguishment, independent of the
mounting orientation and/or location of the atomizers within the
enclosure being protected. Moreover, the plots illustrate
substantially equal performance from single atomizer as compared to a
system with two atomizers provided each system has a substantially
constant or equivalent total volume of discharge into the volume. At
the lower range of normalized fire sizes, the plots illustrate the
ability of the preferred systems 300, 300", 400' to have a shorter
time to extinguishment when compared to either the known high
pressure water mist system or a low pressure mist system.
[0165]Additional tests were conducted to demonstrate the scalability
of the preferred systems to provide mist fire protection to larger
enclosed systems beyond 260 cu. m. (9180 cu. ft.) In particular, fire
tests were conducted to evaluate the performance of the preferred
water mist system in an enclosed space measuring 13 m. (42.5 ft.)
long by 10. m. (32.8 ft.) wide by 8.0 m. (26.2 ft.) tall for a volume
V of about 1040 cu. m. (36,700 cu. ft.) with a ventilation opening of
4 sq. m. on one of the two shorter walls. Ceiling mounted atomizers
in a pendent orientation were utilized for all tests. The performance
of the two pendent atomizer system 300' for the 260 -64-  WO
2009/061471PCT/US2008/012571 cu. m. (9180 Cu. ft.) enclosure, in
which each atomizer was provided with 6.9 bar (100 psi.) of gas
pressure and a water flow rate of 5.7 Ipm (1.5 gpm) corresponding to
a total system flow rate of 11.4 Ipm (3 gpm), was used as a
comparative basis in order to evaluate the performance of a larger
enclosure system. [0166]A test fire with a nominal heat release rate
of 2000 kW was utilized for all tests. For each fire, 38 liters (10
gallons) of heptane fuel and approximately 38 liters (10 gallons) of
water was located in a circular pan with a diameter of 112 cm. The
test fires were located on the floor in the geometric center of the
enclosed space, underneath a (2.0 m. x 2.0 m.) steel table
obstruction, with the obstruction about 0.7 m. above the circular pan
of fuel. Each test fire was allowed to pre-burn for 30 seconds prior
to initiation of the mist suppression system. [0167]Three tests were
conducted on a preferred water mist system configured for the
protection of an enclosed spaced having a free volume of 1040 cu. m.
(36,700 Cu. ft.), four times the volume of the base enclosure 260 cu.
m. (9180 cu. ft.). In each test, a system parameter was varied and
the performance of the system measured to evaluate the scalability of
the preferred water mist systems with respect to the varied
parameter. [0168]In the first test, Test 1, the number of atomizers
was increased proportionally to the room size. Accordingly, with the
free volume increased four times, test 1 increased the number of
atomizers from two (2) to a total of eight (8) atomizers. The



WO 2009/061471PCT/US2008/012571 bar (100 psi.) Accordingly, the
system of Test 1 provided for a total system flow of 45.4 Ipm (12
gpm). [0169]In the second test, Test 2, the number of atomizers was
increased from two(2) to a total of four (4) atomizers. The eight (8)
atomizers utilized in test 1 were left in their original installation
location, but the fluid supply to every other atomizer was shut off,
resulting in the stated total of four (4) functional atomizers in a
staggered pattern. The flow rate to each atomizer was held at the
constant rate of 5.7 Ipm (1.5 gpm) and the operating gas pressure was
held at 6.9 bar (100 psi.) Accordingly, the system of Test 2 provided
for a total system flow of 22.7 Ipm (6 gpm). [0170]In the third test,
Test 3, the test system was again provided with the same four
functional atomizers utilized in test 2, but this time the flow rate
to each was increased. More specifically, the flow rate of water to
each atomizer was doubled from 5.7 Ipm (1.5 gpm) to 11.4 Ipm (3 gpm).
The gas pressure to each atomizer was also doubled from 6.9 bar (100
psi.) to 13.8 bar (200 psi.). Accordingly, the system of Test 3
provided for a total system flow of 45.4 Ipm (12 gpm.). [0171]For
each test set up, a 2 kW fire was addressed and extinguished by the
test system. The time to extinguishment for each system was recorded
along with the total water discharged at the time of extinguishment.
The final oxygen concentration in the room at the time of
extinguishment was also recorded. The system of Test 1 was tested
twice; once with the 1040 cu. m. (36,700 cu. ft.) enclosure space
vented through a 4,0 square meter (43.1 sq. ft.) ventilation opening
and once with the enclosure space not vented. Results of the tests is
provided below:  WO 2009/061471PCT/US2008/012571 [0172]Summary of
Results for Ceiling Mounted Atomizers in a 1040 Cu. m. Enclosure Fire
Size HRR flON] Normalized Fire Size [kW/cu. m.] Qtyof Atomizers
Pressure to Ea. Atomizer [bar (psi.)] Total Flow Rate From System [
Ipm (gpm)] Time To Ext. [sec.] Final 02r/01 



TotalFlow at Ext. [L. (gal.)] 2000 1.9 8 6.9 (100) 45.4 (12.0) 390
15.0 295 (78.0) 2000 1.9 8 6.9 (100) 45.4 (12.0) 390 15.0 295 (78.0)
2000 1.9 8 



6.9 (100) 45.4 (12.0) 253 15.4 192 (50.6) 2000 1.9 4 6.9 (100) 22.7
(6.0) 430 15.4 163 (43.0) 174 (45.9) 130 (34.4) 2000 1.9 4 6.9 (100)
22.7 (6.0) 459 



15.2  2000 1.9 4 6.9 (100) 22.7 (6.0) 344 15.0  2000 1.9 4 6.9 (100)
22.7 (6.0) 348 15.0 132 (34.8) 2000 1.9 4 



10 (145) 30.3 (8.0) 353 15.0 178 (47.1) 2000 1.9 4 13.8 (200) 45.4
(12.0) 381 14.8 288 (76.2) 2000 1.9 4 13.8 (200) 45.4 (12.0) 193 



14.8 146 (38.6)          [0173]From the test results, the applicants
have concluded that a 1040 cubic meter (36,700 cu. ft.) enclosure
with a 4 square meter (43.1 sq. ft.) ventilation opening can be
protected with at least as few as 4 total atomizers and an overall
water flow rate of 22.7 Ipm (6 gallons per minute). The high velocity
spray plume of the atomizer generates a significant amount of
turbulence, rapidly filling the protected space with water mist. As a
result, fire extinguishment performance appears to be independent of
both the number of devices utilized, and their overall orientation
within the compartment. [0174]The overall results of the testing in
the 1040 cubic meter (36,700 cu. ft.) enclosure were consistent with
those of the testing in the 260 cubic meter (9180 cu. ft.) enclosure
for a constant normalized fire size. This suggests that the
extinguishing performance of the system remains constant as long as
the water-togas mass flow ratio is held constant, and the total flow
rate of water discharged into the protected space is scaled linearly
with enclosure volume.  WO 2009/061471PCT/1JS2008/012571 [0175]The
overall time to extinguishment marginally increased while the total
quantity of water required to extinguish the fire significantly
decreased when the total water flow rate was reduced from 45.4 liters
(12 gallons per minute) to 22.7 liters per minute (6 gallons per
minute), the number of discharging atomizers was reduced from 8 to 4,
and nitrogen pressure was held constant at 6.9 bar (100 psi.)
[0176]When tested in the 1040 cubic meter (36,700 cu. ft.) enclosure,
the system demonstrated nearly identical performance when tested with
8 atomizers set at 5.7 liters (1.5 gallons per minute) each water
flow and 6.9 bar (100 psi) nitrogen pressure, and 4 atomizers set at
11.4 liters per minute (3.0 gallons per minute) each water flow and
13.8 bar (200 psi) nitrogen pressure. These settings corresponded to
a water-to-gas mass flow ratio of approximately 2.25:1.
Extinguishment times at 200 psi nitrogen pressure were marginally
shorter than those observed at 6.9 bar (100 psi) nitrogen pressure.
This suggests that overall turbulence increases as a result of the
increase in spray plume velocity at increased gas pressures. 



[0177]Closing off the 4 square meter ventilation opening resulted in
an increase of approximately 25 - 50% in performance (as defined by
time to extinguishment and total water discharged at extinguishment).
The compressed nitrogen utilized to atomize the water appeared to
maintain a higher pressure within the enclosure with respect to the
external environment, subsequently reducing the quantity of fresh air
which was drawn through the ventilation opening. It is surmised that
ventilation effects can be significantly reduced if not eliminated by
pressurizing an enclosure with a high enough introduction rate of
inert gas such as nitrogen into the space. FM Testing [0178]The above
referenced fire tests were conducted in accordance with Factory
Mutual Global ("FM Global") Standard 5560 (May 2005), Appendices D,
E, -68-  WO 2009/061471PCT/US2008/012571 and F, at pages 127 to page
146. Copies of the FM Standard 5560 and the three test protocols are
attached to U.S. Provisional Patent Application No. 60/989,083 and
are incorporated by reference in their entireties. Fire tests can be
conducted in accordance with alternate standards such as, for
example, IMO, VDS, UL, CCCF, etc. More specifically, fire tests were
conducted to illustrate the effectiveness of the preferred method in
providing water mist fire protection for: (i) Machinery Spaces; (ii)
Special Hazard Machinery Spaces; and (iii) Combustion Turbine
Enclosures. The three test protocols provide for each one of (i) a
diesel and a heptane fuel test, (ii) a total of five fire tests for
machinery spaces and (iii) seven tests for insulated combustion
turbines. Preferably, the diesel fuel is high flash point diesel used
preferably in normal hazard and combustion turbines, and the heptane
fuel is of a low flash point special hazard type. Each of the fires
tested ranged between about 1 megawatt to just over 2 megawatt (1-2
MW) and was configured as any one of a small shielded fuel spray
fire, a soaked insulation matt fire, a ventilated fuel fire, a pool
fire and a pan fire. [0179]Each of the fire test scenarios was
conducted using two preferred two atomizer mist system 300' and
single atomizer mist system 400'. The first preferred system 300'
having two atomizers 330" was evaluated in a 260 cubic meter (9180
cu. ft.) enclosed space 120 measuring generally 6.6 m. (21.6 ft.)
wide by 7.7 m. (25.3 ft.) long by 5.1 m. (16.8 ft.) high, and the
second preferred system 400 having a single atomizer 430 was
evaluated in a 130 cu. m. (4590 cu. ft.) enclosure measuring
generally 6.6 m. (21.6 ft.). wide by 3.9 m. (12.8 ft.) long by 5.1 m.
(16.8 ft.) high. In accordance with the FM test requirements, the
enclosed space included a personnel door, preferably (0.81 m. (2.7
ft.) x. 2.03 m. (6.7 ft.)), located 2.7 m. (9 ft.) from one of the
enclosure corners. Along one of the long walls of the enclosure, -69-



WO 2009/061471PCT/US2008/012571 a preferably removable panel (1.22 m.
(4.0 ft.) x 2.44 m. (8.0 ft.) is provided to provide enclosure
access. The enclosed spaced 120 further included two hinged ceiling
hatches (0.91 m. (3.0 ft.) x 1.83 m. (6.0 ft.)) in opposite diagonal
corners to provide heat and smoke release at the conclusion of the
test. [0180]Each of the systems 300', 400' was constructed and tested
with its atomizers 330, 430' initially ceiling mounted and then
subsequently tested with the atomizers sidewall mounted 300", 400".
For each fire test, the atomizers 330', 430' were provided with a
flow of water at about 11.4 liters per minute (3 gpm) and a gas flow
rate of 4.6 kg/min (150 scfm) at an operating pressure of about 6.9
bar (100 psi.). The total water mist discharge time from the systems
was about 10 minutes. [0181]According to the fire test results for
each of the preferred systems 300' and 400,' extinguishment of the
test fire was achieved in less than five minutes with an end
concentration of oxygen per volume within the enclosure space at or
above fifteen percent by volume. [0182]According to Appendix D of FM
5560, five tests are conducted: D1) an unshielded 1 MW diesel spray
fire; D2) a shielded 1 MW diesel spray fire; D3) a diesel pool fire;
D4) a shielded 2 MW diesel spray fire with limited natural
ventilation; and 05) a shielded 2 MW diesel spray fire at the smaller
enclosure volume. [0183]Summary of FM Appendix D Test Results  Class
5560 Test Number Qty. of Nozzles Nozzle Spacing ft. [m] Water Flow
Rate [Om (1am)] Nitrogen pressure 



[bar (psi)] Estimated Fire Size [kW]  Ext. Time (sec] Total Water at
Ext [liters (gal)] Total Mass Density % Ext. (91M3) D.3.1 2 9.5 x
13.5 5.7 (1.5) 6.9 (100) 1000 145 27.4 (7.25) 



105.19   (2.9 x 4.1)       0.3.2 2 9.5 x 13.5 5.7 (1.5) 6.9 (100)
1000 225 42.6 (11.25) 163.23   



(2.9 x 4.1)       032  2 13.5 x 17.5 5.7 (1.5) 6.9 (100) 1000 153
29.0 (7.65) 111.00   (4.1 x 5.3)   



0.3.3 2 9.5 x 13.5 5.7 (1.5) 6.9 (100) 1541 145 27.4 (7.25) 105.19
(2.9 x 4.1)      



WO 2009/061471PCT/IJS2008/012571  0.3.4 2 9.5 x 13.5 5.7 (1.5)
6.9(100) 2000 223 42.2 (11.15) 161.78   (2.9 x 4.1)      



0.3.5 1  5.7 (1.5) 6.9 (100) 2000 105 19.9 (5.25) 152.35
[0184]According to Appendix E of FM 5560, five tests are conducted:
El) an unshielded 1 MW Heptane spray fire; E2) a shielded 1 MW
Heptane spray fire; E3) a shielded 10.8 cu. ft. (1 cu. m.) Heptane
Pool Fire ; E4) a shielded 2 MW Heptane spray fire with limited
natural ventilation; and E5) a shielded 2 MW diesel spray fire at the
smaller enclosure volume. [0186] Summary of FM Appendix E Test
Results  Class 5560 Test Number Qty. of Nozzles Nozzle Spacing ft.
[m] 



Water Flow Rate [Om (inm)] Nitrogen pressure [bar (psi)] Estimated
Fire Size [kW] Ext. Time [sec] Total Water at Ext [liters (gal)]
Total Mass Density % Ext. (gin?) E.3.1 2 9.5 x 13.5 5.7 (1,5)
6.9(100) 1000 



196 37.1 (9.8) 284.38   (2.9 x 4.1)       E.3.2 2 9.5 x 13.5 5.7
(1.5) 6.9 (100) 1000 208 39.4 (10.4) 301.80 



(2.9 x 4.1)       E.3.3 2 9.5 x 13.5 5.7 (1.5) 6.9(100) 2900 133 25.2
(6.65) 192.97   (2.9 x 4.1) 



E.3.4 2 9.5 x 13.5 5.7 (1.5) 6.9(100) 2000 204 38.6 (10.2) 295.99
(2.9 x4.1)    



E.3.4 2 13.5 x 17.5 5.7 (1.5) 6.9(100) 2000 203 38.6 (10.2) 294.54
(4.1 x5.3)       



E.3.5 1 - 5.7 (1.5) 6.9 (100) 2000 105 19.9 (5.25) 152.35
[0186]According to Appendix F of FM 5560, five tests are conducted:
Fl) an unshielded 1 MW diesel spray fire; F2) a shielded 1 MW diesel
spray fire; F3) a shielded 10.8 cu. ft. (1 cu. m.) diesel Pool Fire;
F4) a shielded 2 MW diesel spray fire with limited natural
ventilation; and F5) a shielded 2 MW diesel spray fire at the smaller
enclosure volume; F7) a saturated insulation mat and spray fire; and
F8) a large saturated insulation mat.  WO
200910614711'CT/US2008/012571 [0187] Summary of FM Appendix F Test
Results Class 5560 Test Number Qty. of Nozzles Nozzle 



Orientation Nozzle Spacing ft. [m] Water Flow Rate [Pm (1M)] Nitrogen
pressure [bar (psi)] Estimated Fire Size [kW] Ext. Time [sec] Total
Water at Ext [liters (gal)] Total Mass Density % Ext. (9/n13) F.3.1 2



Ceiling 9.5 x 13.5 5.7 (1.5) 6.9 (100) 1000 145 27.4 (7.25) 105.19
(2.9 x 4.1)       F.3.2 2 Ceiling 



9.5 x 13.5 5.7 (1.5) 6.9 (100) 1000 225 42.6 (11.25) 163.23    (2.9 x
4.1)       F.3.2 2 Ceiling 13.5x 17.5 



5.7 (1.5) 6.9(100) 1000 153 29.0 (7.65) 111.00    (4.1 x 5.3)
F.3.3 2 Ceiling 9.5 x 13.5 5.7 (1.5) 



6.9(100) 1541 145 27.4 (7.25) 105.19    (2.9 x 4.1)       F.3.4 2
Ceiling 9.5 x 13.5 5.7 (1.5) 6.9 (100) 



2000 223 42.4 (11.15) 161.78    (2.9 x 4.1)       E3.5 1 Ceiling -
5.7 (1.5) 6.9 (100) 2000 



105 19.9 (5.25) 152.35 F.3.1 2 Sidewall 14.9 x 25.5 5.7 (1.5) 6.9
(100) 1000 242 45.8 (12.1) 175.56    (4.6 x 6.6)     



F.3.2 2 Sidewall 14.9 x 25.5 5.7 (1.5) 6.9(100) 1000 214 40.5 (10.7)
155.25    (4.6 x 6.6)      



F.3.3 2 Sidewall 14.9 x 25.5 5.7 (1.5) 6.9 (100) 1541 242 45.8 (12.1)
175.56    (4.6 x 6.6)       



F.3.4 2 Sidewall 14.9 x 25.5 6.6 (1.75) 7.6(110) 2000 147 27.8 (7.35)
106.64    (4.6 x 6.6)       F.3.5 



1 Sidewall  5.7 (1.5) 6.9 (100) 2000 255 48.3 (12.75) 369.99 F.3.7 2
Ceiling 9.5x 13.5 5.7 (1.5) 6.9(100) 1100 183 34.6 (9.15) 265.52   



(2.9 x 4.1)       F.3.7 2 Sidewall 14.9 x25.5 5.7 (1.5) 6.9 (100)
1100 197 37.3 (9.85) 285.83    



(4.6 x 6.6)       F.3.8 2 Ceiling 9.5x 13.5 5.7 (1.5) 6.9 (100) 1541
279 52.8 (13.95) 404.81    (2.9 x 4.1) 



F.3.8 2 Ceiling 13.5 x 17.5 5.7 (1.5) 6.9(100) 1541 240 45.4 (12.0)
348.23    (4.1 x5.3)  



E.3.8 2 Sidewall 14.9 x 25.5 5.7 (1.5) 6.9(100) 1541 257 48.6 (12.85)
372.89    (4.6 x 6.6)   



[0188]Because of the successful test results, the preferred systems
and methods are believed to provide industrial fire protection in
enclosed spaces at least up one thousand forty cubic meters (1040 cu.
m.) for special hazard applications including, but not limited to:
(i) oil pumps and tanks; (ii) fuel filters; (iii) generators; (iv)
transformer vaults; (v) diesel driven generators; (vi) gear boxes;
(vii) drive shafts; (viii) lubrication skids; (ix) combustion
turbines; (x) internal combustion engines; (xi) 



-72-  WO 2009/061471PCT/US2008/012571 hydraulic power packs; (xii)
paint booths; (xiii) engine test cells, (xiv) solvent handling cells;
and (xv) flammable liquid storerooms. [0189]The preferred systems and
methods have a demonstrated ability to provide effective fire
protection more efficiently than known water mist systems or
conventional water spray or sprinkler systems. In particular, the
table below illustrates that the preferred method and system of fire
protection provides effective fire protection with at least one of
(i) less water; and (ii) at lower pressure; when compared to known
high or low pressure water mist systems. Table 1 below shows
respectively the total water consumption required and the
corresponding pressure required for total flooding extinguishment of
a nominal 1 MW fire for each of the preferred water mist system, a
known high pressure mist system, and a known low pressure mist
system. Test Data - (Sealed Compartment Data Only) System Min.
Operating Pressure [bar (psi)] Ref. Flow Rate ppm (gpm)]
WaterConsumption[liters (gallons)]    1 kW/Ms 2 kW/n.14 4 kW/m4 8
kW/m4  



(97 BTillfehr) (194 BTLI/fehr) (388 BTU/ft3hr) (776 BTU/fehr)
PreferredSystem 300,400* 6.9(100) 11.4 (3.0) 164 (43.3) 66.2 (17.5)
42 (11.2) 15.5 (4.1) KnownHigh PressureMist(HI- FOG (r)) 80 (1160)
30(7.9) 1305 (345) 270 (71.3) 



135 (36) 50 (13.2) KnownLow PressureMist (AQUAMIST OD from TYCO FIRE
PRODUCTS LP) 12.4 (180) 48.5 (12.8) 1358 (359) 548 (145) 242.5 (64)
111.5 (29.5)        Test Data - (Sealed Compartment Data Only) System



Min. Operating Pressure [bar (psi)] Ref. Flow Rate [Ipm (gpm)]
Extinguishment Time [seconds]  WO 2009/061471PCT/US2008/012571    I
kW/ma 2 kW/ma 4 kW/ma 8 kW/ma    (97 BTU/fehr) (194 BTU/fehr) (388
BTU/fehr) (776 BTU/ft'hr) PreferredSystem 



6.9(100) 11.4 (3.0) 866 349 224 82 300,400*       KnownHigh 80 (1160)
30(7.9) 2630 542 270 100 PressureMist(HI- 



FOG CO)       KnownLow 12.4 (180) 48.5 1691 678 298 137 PressureMist 



(12.8)     (AQUAMIST 0 from       TYCOFIRE       PRODUCTS LP) 



* System tested in a slightly larger compartment than referenced High
Pressure and Low Pressure systems.  A Preferred Atomizing Device
[0190]One preferred atomizer 1000 for use in the above water mist
systems is shown in FIGS. 11, 13, 14 and 15. The atomizer 1000 is a
twin fluid mist generating device having a first fluid passage 1080
and a second fluid passage 1090. The first and second fluid passages
1080, 1090 of the atomizer 1000 are defined by the manner in which
the components of the device interconnect and interrelate with one
another. The components of the atomizer 1000 generally include: a
base 1012, a funnel 1030, a plug 1050 and a cover 1070. [0191]The
base 1012 is preferably a generally circular member having a rear
face 1014, a front face 1016 and first and second fluid inlet
passages 1018, 1020 adapted to receive respectively the liquid and
gas from their respective fluid supply sources (not shown). Each of
the fluid inlet passages 1018, 1020 is substantially parallel with
the longitudinal axis L of the apparatus. Extending longitudinally
through the centre of the base 1012 is a bore 1017. 



[0192]The funnel 1030 is engaged with the base 1012 so that the base
1012 and the funnel 1030 are concentrically disposed about the
longitudinal axis L. The funnel 1030 has a first end 1044, a second
end 1042 and a bore 1046 extending -74-  WO
2009/061471PCT/US2008/012571 longitudinally through the funnel 1030
from the first end 1044 to the second end 1042 to generally define
the second fluid passage 1090. The bore 1046 has an inlet 1047 at the
first end 1044, an outlet 1048 at the second end 1042, and a throat
portion 1049 intermediate the inlet 1047 and the outlet 1048. At the
inlet 1047 the bore 1046 has a diameter D1, at the throat portion
1049 the diameter of the bore 1046 is 132, and at the outlet 1048 the
diameter of the bore is D3. The diameter D1 at the inlet 1047 is
greater than the diameter 02 or 03, whilst the diameter D2 at the
throat portion 1049 is less than the diameters D1 and D3. As a
result, the bore 1046 narrows from its widest point at the inlet 1047
to a narrow diameter at the throat portion 1049 before widening again
until it reaches the outlet 1048. The funnel 1030 is preferably
formed as a single piece member having a radially extending flange
portion 1032 and an axially projecting body portion 1034. The body
portion 1034 has an outer surface 1037. An annular lip portion 1031
extends rearwards from the flange portion 1032 defining a first fluid
passage 1038 and an inspection port 1039. [0193] The plug 1050 is an
elongate member having a first end 1051 and a second end 1052. The
plug 1050 has a first generally cylindrical portion 1053 and a second
conical portion 1055 extending from, and preferably integrally formed
with, the cylindrical portion 1053. The conical portion 1055 has a
smallest diameter D4 adjacent the cylindrical portion 1053 and its
largest diameter 05 at the second end 1052 of the plug 1050. The plug
1050 is engaged with the base 1012 such that the conical portion 1055
of the plug 1050 provides a solid protrusion disposed in the bore
1046 of the funnel 1030. More specifically, the inner surface of the
bore 1046 and outer surface of the plug 1050 define a preferred
configuration of the second fluid passage 1090.  WO
2009/061471PCT/US2008/012571 [0194]The inlet 1047 of the funnel bore
1046 acts as the inlet of the second fluid passage 1090. The second
fluid passage 1090 further includes a throat portion 1092 adjacent
the throat 1049 of the bore 1046 of the funnel, and an outlet 1094
adjacent the respective second ends 1042, 1052 of the funnel 1030 and
plug 1050. As a result of the previously mentioned variations in the
diameter of the bore 1046 and the outward taper of the conical
portion 1055 of the plug 1050, the second fluid passage 1090 has a
convergent-divergent internal geometry. In other words, the
cross-sectional area of the throat portion 1092 of the passage 1090
is considerably smaller than that of the inlet 1047 and the outlet
1094. The cross sectional area of the passage 1090 at the outlet 1094
is preferably greater than that at the throat portion 1092, but less
than that at the inlet 1047. The total volume of the second fluid
passage 1090 from inlet 1047 to outlet 1094 may be about 24,900 cu.
mm. and is more preferably between 24.3 cu. cm. (1.48 cu. in.) and
25.500 cu. cm (1.56 cu. in.). [0195]The cover 1070 is axially placed
on the base 1012 such that the cover is then concentric with the
other components about the axis L. The cover 1070 is generally
dome-shaped, having a first end 1072 of larger diameter than a second
end 1074. Projecting axially from the second end 1074 of the cover
1070 is an annular lip 1076. Referring to FIG. 21, the lip 1076 forms



-77-  WO 2009/061471PCUUS2008/012571 1084 of the first fluid passage
1080 is defined between the second end 1042 of the funnel 1030 and
the inner surface 1078 of the lip 1076. [0198]The way and means in
which a mist is generated by the apparatus will now be described with
particular reference to Figures 11, 12A and 12B. Initially, supplies
of first and second fluids are connected to the respective first and
second fluid inlets 1018, 1020 of the atomizer 1000. The first fluid,
also known as the working fluid, is a liquid fire fighting agent,
preferably water. The liquid is preferably introduced at a mass flow
rate of between 4 kg/min and 20 kg/min at the first fluid inlet 1018.
The liquid passes through the first fluid passage 1080 which narrows
considerably in the direction of its outlet 1084 to define a working
nozzle. As a result of this narrow gap at the outlet 1084, the liquid
ejects out of the outlet 1084 as a thin annulus of liquid, initially
following a path represented in FIG. 12A by the dotted line 1200. The
initial path of the liquid 1200 from the outlet 1084 of the first
passage 1080 is substantially parallel to the inner surface 1078 of
the lip 1076. [0199]The second fluid, also known as the transport or
carrier fluid, is preferably a gas such as compressed air, nitrogen
or helium, for example. The gas is preferably introduced to the
second fluid inlet 1020 at a pressure of between 4 bar and 18 bar for
passage through the second fluid passage 1090 for ejection from the
outlet 1094 to define a transport nozzle. Due to the reduction and
subsequent increase in the cross sectional area of the second fluid
passage 1090 between its inlet 1047, throat 1092 and outlet 1094, the
gas entering the inlet 1047 is accelerated to a high, possibly even
supersonic, velocity as it exits the outlet 1094. The gas may be
discharged at a mass flow rate of between 2 kg/min and 6 kg/min.
[0200]The angle of the second fluid passage 1090 is such that the
accelerated second fluid stream, whose initial trajectory is shown as
dotted line 1220 in FIG. 12A, -78-  WO 20091061471PCT/US2008/012571
exits the outlet 1094 and interacts with the annulus of liquid
issuing from the outlet 1084. The angle of incidence between the
liquid and the gas streams 1200, 1220 is shown in FIG. 12A as angle
a. [0201]With reference to FIGs. 12A and 12B, an equivalent angle of
expansion for the second passage 1090 as it expands between the
throat 1092 and the outlet 1094 may be calculated. In particular,
FIG. 12B shows schematically how this equivalent angle of expansion
for the second fluid passage can be calculated when the cross
sectional areas of the throat and outlet, and the equivalent path
distance between the throat and outlet are known. El is the radius of
a circle having the same cross sectional area as the throat of the
second fluid passage. E2 is the radius of a circle having the same
cross sectional area as the outlet of the second fluid passage. The
distance d is the equivalent path distance between the throat and the
outlet. An angle 13 is calculated by drawing a line through the top
of E2 and El which intersects a continuation of the equivalent
distance line d. This angle 13 can either be measured from a scale
drawing or else calculated from trigonometry using the radii El, E2
and the distance d. The equivalent angle of expansion for the second
fluid passage can then be calculated by multiplying the angle 13 by a
factor of two, where y=213. [0202]For optimum performance of the
apparatus, it has been found that the cross sectional area of the
throat portion 1092 of the second fluid passage 1090 should
preferably be between 20 mm2 and 35 mm2. The cross sectional area at



and outlet 1094 of the second fluid passage 1090 may be between 10:11
and 1:28. The cross sectional area at the outlet 1094 of the second
fluid passage may most -79-  WO 2009/061471PCT/US2008/012571
preferably be between 1.4 and 5.5 times larger than that of the
throat portion 1092, such that the area ratio between the throat 1092
and outlet 1094 of the second fluid passage 1090 is therefore most
preferably between 5:7 and 2:11. This increase in cross sectional
area between the throat portion 1092 and outlet 1094 creates an
equivalent included angle of expansion for the second fluid passage
1090 of between 1 and 40 degrees, and an angle which is most
preferably between 2 and 13 degrees. Furthermore, the cross sectional
area of the second fluid passage outlet 1094 may be between 0.3 and
12 times larger than the cross sectional area of the first fluid
passage outlet 1084, such that the area ratio between the first fluid
outlet 1084 and second fluid outlet 1094 is therefore between 10:3
and 1:12. The cross sectional area of the second fluid passage outlet
1094 is most preferably between 1 and 6 times larger than the cross
sectional area of the first fluid passage outlet 1084, such that the
area ratio between the first fluid outlet 1084 and second fluid
outlet 1094 is therefore most preferably between 1:1 and 1:6.
[0203]The stream of gas 1220 coming into contact with the stream of
liquid 1200 causes shear stripping of droplets from the annulus of
liquid 1200 due to Kelvin- Helmholtz and Raleigh-Taylor instabilities
on the first fluid surface.These instabilities cause ligaments of the
liquid to break off from the annulus and form a dispersed droplet
flow regime of the liquid and gas. In other words, a dispersed phase
of the first fluid droplets is dispersed in a continuous phase of the
second fluid. As the droplets are torn from the liquid stream 1200
they are accelerated by the gas, causing further shear break-up.
Where the gas exits the outlet 1094 at a supersonic velocity, a
supersonic shockwave may be created distal of the apparatus which may
be beneficial to the atomization mechanism. The shockwave is created
as the gas transitions from supersonic to subsonic speed. The
shockwave is created -80-  WO 2009/061471PCT/US2008/012571 at the
point of transition from supersonic to subsonic speed. In this
instance, the first fluid is further atomized by the shockwave at the
point of transition. 



[0204]The gas creates a turbulent region 1240 as it moves away from
the apparatus and induces low velocity currents capable of
transporting the droplets of first fluid preferably through the
surrounding space, preferably in a homogenous manner. This turbulent
region 1240 is caused by rapid changes in the pressure and velocity
of the gas generating numerous unsteady vortices and a swirling of
the gas. The turbulent region 1240 applies acceleration and
deceleration forces on the droplets of the liquid, leading to a
further atomization of the droplets being carried by the second
fluid. This atomization mechanism can be controlled by, amongst other
things, controlling the momentum flux ratio between the first and
second fluids. [0205]The momentum flux ratio M is defined by the
equation    e p xU s2)) p where p = Fluid density U = Fluid velocity
s represents second fluid (gas) f represents first fluid (liquid)
[0206]Thus, the momentum flux ratio between the liquid and gas can be
controlled by varying the density or velocity of the fluids. The
velocity can be varied by adjusting the feed pressure while the
density can be varied by changing the temperature of the fluid.
[0207]As most clearly shown in FIG. 12A, the liquid and gas streams
1200, 1220 issuing from their respective outlets 1084, 1094 are
angled relative to one another at an angle of incidence a. The angle
of incidence a is the angle between the initial -81-  WO
2009/061471PCT/US2008/012571 trajectories of the streams 1200, 1220,
shown as dotted lines in FIG. 12A. These initial trajectories are
dictated by the inner wall 1043 of the first fluid passage 1080 and
the outer wall 1045 of the second fluid passage 1090 at their
respective outlets 1084, 1094. Thus, to obtain an angle of incidence
in a desired range, the angle between these passage walls 1043, 1045
at the first and second fluid outlets 1084, 1094 should be in the
same range. In the embodiment illustrated, both the inner first
passage wall 1043 and outer second passage wall 1045 are defined by
the funnel 1030, as best seen in FIG. 14. Referring again to FIG.
12A, the angle of incidence a causes the second fluid stream 122 to
impinge on the annulus forming the first fluid stream 120. The angle
of incidence a is less than 90 degrees, and preferably between 5 and
30 degrees. Most preferably, the angle of incidence a is between 10
and 20 degrees. [0208]The atomizers 1000, 1000' and 1000" of FIGS.
11, 17 and 18 provide means for atomizing a first fluid with a second
fluid.In particular, each of the atomizers include first and second
fluid passages 1080, 1090 each defining a fluid path and volume to
discharge, engage and mix a stream of a liquid with a high velocity
gas for atomization of the liquid stream for generation and
distribution of a mist. However, alternative means can be provided to
produce and engage a liquid stream and high velocity gas to atomize
and disperse the liquid as a mist. In view of the atomizers described
herein, known mist generating devices could be modified to discharge
a liquid annulus from one fluid passage and accelerate and discharge
an inert gas from another fluid passage to atomize the liquid annulus
for generation and distribution of a liquid mist in an enclosed space
to be protected, and thus provide a means for atomizing a first fluid
with a second fluid.  



WO 2009/061471PCT/US2008/012571 [0209]Referring again to FIG. 11, the
inner surface 1078 of the lip 1076 of cover 1070 ensures that larger
droplets torn from the first fluid stream 1200 that could be
projected away from the longitudinal axis L of the apparatus by the
second fluid stream 1220 are prevented from doing so to provide for.
mixing of the liquid and the gas in the chamber of the lip 1076.
Furthermore, droplets held against the inner surface 1078 of the lip
1076 are more easily atomized as they are subject to both the force
of the second fluid and the friction forces from the inner surface
1078. [0210]The atomization mechanism of the present invention is
capable of atomizing the liquid into a mist in which a large
proportion, preferably greater than 80% of the droplets, range in
size from about 1 micron to about 10 microns and more preferably
ranging from about 1 micron to about 5 microns. Shown in FIG. 22, for
purposes of illustration is a cumulative frequency size distribution
of the droplets in the mist produced by a preferred atomizer.
According to the plot, the mist includes a distribution of droplets
in which more than 90% have a droplet size ranging between 1 to 10
microns in diameter. The discharging gas and annulus of liquid
together preferably define a substantially conical mist spray
pattern. Referring to FIG. 20, the mist spray pattern for a preferred
atomizer is illustrated in a side cross-sectional view. The perimeter
of the mist spray pattern define the cross-sectional area defines an
included angle A of about 15 degrees (2) with the central axis of the
atomizer, and therefore included angle of 2A about 30 degrees (2)
between the perimeter of the spray pattern defining the conical shape
of the mist. [0211]It has been determined that the conical spray
pattern is substantially fully developed at an axial distance DZ of
about 1.1 m. (42 inches) from the discharge end of the atomizer and
more preferably fully developed at an axial distance DZ of about 1.6
m. (64 inches) from the discharge end of the atomizer. By
"substantially -83-  WO 2009/061471PCT/US2008/012571 fully developed"
it is understood that the conical spray pattern has maximized its
radial distance from the central axis of the atomizer so as to find
an end circle of the conical spray pattern having a diameter D1A of
about 0.6 m. (24 inches) at the axial distance of about 1.1 m. (42
inches) from the atomizer, and more preferably having a diameter D1A
of about 0.9 m. (36 inches) at the axial distance of about 1.6 m. (64
inches) from the atomizer. [0212]For the atomizing device 1000 shown
in FIG. 11, applicants supplied a flow of water at 11.3 Ipm (3 gpm)
with a supply of nitrogen gas at 6.9 bar (100 psi.) The resultant
mist spray pattern was observed against a black background and
photographed. Shape and included angles of the mist spray pattern is
calculated based upon the scale relationship between the photograph
and an actual dimensioned feature of the atomizer. For example, where
the discharge end of the atomizer has a diameter of about 40 mm.
(1.57 inches) and in the photograph has a diameter of about 5.9 mm.
(0.232 inches) to define a photo scale factor of about 6.75.
[0213]The components of the atomizer 1000 will be described in
greater detail. Referring to FIGS. 13 is a longitudinal section view
through the base 1012. As noted above, the base 1012 is generally
circular and has a rear face 1014, a front face 1016 and first and
second fluid inlet passages 1018, 1020 adapted to receive the first
and second fluids from their respective sources (not shown). Each of
the fluid inlet passages 1018, 1020 is substantially parallel with



longitudinally through the centre of the base 1012 is the bore 1017.
Referring to FIG. 13A, the bore 1017 has a generally
triangular-shaped recess 1019 opening on -84-  WO
2009/061471PCT/US2008/012571 the rear face 1014 of the base 1012. The
base 1012 includes a radially extending flange portion 1015 and an
axially projecting annular projection 1022 which projects forwards
from the front face 1016. A plurality of circumferentially spaced
apertures 1021 extend longitudinally through the flange portion 1015.
The annular projection 1022 has an inner surface 1024 and an outer
surface 1026. The outer surface 1026 contains a groove 1027 in which
an 0-ring seal 1028 is located. [0214]FIG. 14 shows the funnel 1030
as a projecting member preferably formed as a single piece having a
radially extending flange portion 1032 and an axially projecting body
portion 1034. The body portion 1034 has an outer surface 1037. An
annular lip portion 1031 extends rearwards from the flange portion
1032 and defines an outer surface 1033. The outer surface 1033
contains a groove 1035 in which an 0-ring seal 1036 is located. The
flange portion 1032 is annular and extends around the entire
circumference of the projecting member 1030. Defined within the
flange portion 1032 are a first fluid passage 1038 and an inspection
port 1039. [0215]As described above, the funnel 1030 has a first end
1044 and a second end 1042 and a bore 1046 extending longitudinally
through the funnel 1030 from the first end 1044 to the second end
1042. The bore 1046 has the inlet 1047 at the first end 1044, the
outlet 1048 at the second end 1042, and the throat portion 1049
intermediate the inlet 1047 and outlet 1048. The bore 1046 may have
an axial length of between 52mm and 55mm. At the inlet 1047 the bore
1046 has a diameter D1 which may be between 53mm and 59mm. At the
throat portion 1049 the diameter of the bore 1046 is 02 which may be
between 7.5mm and 13mm, and at the outlet 1048 the diameter of the
bore is D3 which may be between 30mm and 34mm. The diameter D1 at the
inlet 1047 is greater than the diameter D2 or D3, whilst the diameter
D2 at the throat portion 1049 is less than the diameters D1 and -85-
WO 2009/061471PCT/TJS2008/012571 D3. As a result, the bore 1046
narrows from its widest point at the inlet 1047 to a narrow diameter
at the throat portion 1049 before widening again until it reaches the
outlet 1048. [0216]FIG. 15 shows the plug 1050 forming a further part
of the mist-generating apparatus. As described generally above, the
plug 1050 is an elongate member having a first end 1051 and a second
end 1052. The plug 1050 has a first generally cylindrical portion
1053 and a second conical portion 1055 extending from, and preferably
integrally formed with, the cylindrical portion 1053. More
preferably, part of the cylindrical portion 1053 adjacent the first
end 1051 is provided with an external thread 1054. The conical
portion 1055 is in the shape of an inverted cone, with the narrowest
point of the cone adjacent the cylindrical portion 1053 and the
widest point of the cone at the second end 1052 of the plug 1050. The
conical portion 1055 has a smallest diameter D4 adjacent the
cylindrical portion 1053 and a largest diameter D5 at the second end
1052 of the plug 1050. The cylindrical portion 1053 has first and
second grooves 1056, 1058 longitudinally spaced from one another and
extending around the circumference of the cylindrical portion 1053.
The first groove 1056 is a thread relief groove co-operating with the
external thread 1054. Also formed part way along the cylindrical
portion 1053 is a radially projecting lip 1060, which defines an



[0218]FIG. 16 shows the cover 1070 forming part of the ,
mist-generating apparatus. The cover 1070 is preferably generally
dome-shaped, having a first end 1072 of larger diameter than a second
end 1074. Projecting axially from the second end 1074 of the cover
1070 is an annular lip 1076. The lip 1076 has an internal surface
1078 which defines a bore of substantially constant diameter. In
other words, the lip 1076 has internal walls which are substantially
parallel when viewed in vertical cross-section, such as here in FIG.
16. The cover 1070 has a first section adjacent the first end 1072
which has a first inner surface 1073 of substantially constant
diameter. Located in the first end 1072 of the cover 1070 at
circumferentially spaced intervals are a plurality of axially
extending threaded holes 1088. A second section of the cover 1070
extending between the first section and the lip 1076 has a second
inner surface 1075. The portion of the second section adjoining the
first section has a smaller diameter than that of the first section,
such that a rearward facing abutment 1071 is defined between the
first and second sections of the cover 1070. The diameter of the
second section reduces in the direction of the second end 1074. In
other words, the second inner surface 1075 tapers inwardly from the
abutment 1071 until it reaches the internal surface 1078 of the lip
1076. Thus, the second inner surface 1075 has a smooth inwardly
curving profile as it progresses towards the second end 1074, with no
steps or angles present on the inner surface 1075. [0219]The manner
in which the mist-generating apparatus, generally designated 1000, is
assembled will now be described with particular reference to FIGS. 11
and 11A. Firstly, each of the components shown in FIGS. 13-16 is
formed from a -87-  WO 2009/061471PCT/US2008/012571 suitable
material, which is preferably stainless steel. In the first step of
assembling the apparatus 1000, the funnel 1030 is axially inserted
onto the base 1012 so that the base 1012 and funnel 1030 are
concentric about the longitudinal axis L, with the outer surface 1033
of the funnel lip 1031 being guided by the inner surface 1024 of the
annular projection 1022, until the rear face of the flange portion
1032 abuts the surface of the annular projection 1022. The 0-ring
seal 1036 located in the groove 1035 on the outer surface 1033
ensures a sealing fit between the two components. When the base 1012
and funnel 1030 are correctly positioned, the first fluid inlet
passage 1018 of the base 1012 and first fluid passage 1038 of the
funnel are aligned and capable of fluid communication with one
another. Furthermore, the inlet 1047 of the funnel bore 1046 and the
second fluid inlet passage 1020 of the base 1012 are now in fluid
communication with one another as well. Once the base 1012 and funnel
1030 have been correctly oriented with respect to one another, a
temporary locking ring (not shown) is secured over the flange portion
1032 of the funnel 1030 such that the base 1012 and funnel 1030 are
locked together. [0220]Once the base 1012 and funnel 1030 are
temporarily locked together, the plug 1050 can be introduced, firstly
via the bore 1046 of the funnel 1030 and then the bore 1017 of the
base 1012. As best seen in FIG. 13A, a locking nut 1102 is inserted
into the recess 1019. As the plug 1050 is inserted through the bores
1046,1017 it is rotated by a suitable tool (not shown) which locates
in the locating holes 1061. As the plug 1050 is rotated the threaded
surface 1054 of the plug 1050 marries with the internal thread of the
locking nut 1102. The outer faces of the nut 1020 contact the inner



WO 2009/061471PCT/US2008/012571 larger diameter than the bore 1017.
Consequently, once the abutment surface 1062 of the lip 1060 comes
into contact with the base 1012, the plug 1050 cannot be threaded any
further through the nut 1020. At this point, a washer 1040 and
circlip 106 are fitted to the first end 1051 of the plug 1050 so that
the nut 1020 cannot work itself loose. The circlip 106 locates in the
groove 1059 provided at the first end 1051 of the plug 1050. The
0-ring seal 1057 located in the cylindrical portion 1053 of the plug
1050 ensures a sealing fit between the plug 1050 and the bore 1017.
[0221]As can be seen in FIG. 11, once the plug 1050 is axially and
concentrically located in the bore 1017, the conical portion 1055 of
the plug 1050 lies between the throat portion 1049 and outlet 1048 of
the bore 1046 in the funnel 1030. Consequently, the inner surface of
the bore 1046 and outer surface of the plug 1050 now define a second
fluid passage 1090. [0222]Once the plug 1050 has been fixed to the
base 12, the inspection port 1039 can be used to measure the axial
distance between the top surface of the annular projection 1022 and
the remote second ends 1042, 1052 of the funnel 1030 and plug 1050.
This ensures that the base 1012, funnel 1030 and plug 1050 are all
correctly positioned relative to one another. At the same time,
measuring instruments can be used to check the gap between the funnel
1030 and plug 1050 which forms the second fluid passage 1090.
[0223]Once the measurement and positioning checks have been
completed, the temporary locking ring can be removed and replaced
with the cover 1070. The cover 1070 is axially placed on the base
1012 such that the abutment 1071 contacts the flange portion 1032 of
the funnel 1030, and the cover is then concentric with the other
components and the axis L. This sandwiches the flange portion 1032
between the base 1012 and cover 1070, holding the base 1012 and
funnel 1030 against one -89-  WO 2009/061471PCT/US2008/012571
another. At the same time, the 0-ring seal 1028 ensures a sealing fit
between the base 1012 and cover 1070. The cover 1070 is aligned with
the base 1012 so that the threaded apertures 1088 align with the
apertures 1021 in the base 1012. A plurality of fixing screws 1180
are then tightened into the threaded apertures 1088 via the apertures
1021 in the base 1012. Once the screws 1180 are fully tightened the
heads of the screws 1180 are at least flush with the rear face 1014.
A number of blind mounting holes 1100 with internal threads are also
provided on the rear face 1014 of the base 1012 for attaching the
apparatus to a suitable mounting skid or the like. [0224]As seen best
in FIG. 11, once the cover 1070 is successfully fitted, the second
inner surface 1075 of the cover 1070 and the outer surface 1037 of
the funnel 1030 define a first fluid passage 1080 having an inlet
1082 and an outlet 1084. The inlet 1082 is in fluid communication
with the first fluid inlet 1018 and first fluid passage 1038. Due to
the contours of the second inner surface 1075 and outer surface 1037
the first fluid passage 1080 has a divergent-convergent internal
geometry. In other words, the cross sectional area of a portion of
the first fluid passage 1080 intermediate the inlet 1082 and outlet
1084 is greater than the cross sectional area at either the inlet
1082 or outlet 1084. The cross sectional area of the first fluid
passage 1080 progressively reduces following the intermediate
portion. The total volume of the first fluid passage 1080 from inlet
1082 to outlet 1084 is about 120,400 cu. mm., and may be more
preferably between 119,000 cu. mm. and 121,500 cu. mm. [0226]The



-90-  WO 2009/061471PCT/US2008/012571 fluid passages 1080, 1090. The
ability of the liquid to form the desired thin annulus is a function
of the first fluid passage 1080. Shown in FIG. 19 is detailed
cross-sectional view of the first fluid flow passage 1080. The
profile of the passage 1080 can be defined by a curve that is a
function of the three critical areas: (i) the inlet area Al at the
inlet area of the passage 1080; (ii) the outlet area A3 at the outlet
area of the passage 1080; and (iii) the maximum intermediate area A3
between the inlet area Al and the outlet area A3. Each of the
critical areas Al, A2, A3 define a substantially circular area
coaxially disposed along the central fluid path FP of the passage
1080. The areas Al, A2 and A3 are separated from one another along
the path FP by a first fluid path distance Li between areas Al and A2
and a second fluid path distance L2 between areas A2 and A3.
[0226]Using the radii of the critical areas, Al , A2 and A3, the
angular rate of change in radii from one area to the next adjacent
can be determined by their trigonometric relationship. The radii
increases from the inlet area Al to the intermediate area A2. In the
preferred embodiment, the equivalent area A2 is larger than Al by a
factor of between 1 to 50, is preferably between 1 to 5 and is more
preferably about 1 to 1.5, so as to define a preferable angular
change between the radii from Al to A2 of about 83 degrees (82.7).
The radii increases from the outlet area A3 to the intermediate area
A2. In the preferred embodiment, the equivalent area A2 is larger
than Al by a factor of between 50 to 400, preferably 100 to 300, and
more preferably 270 to 280, so as to define an angular change between
the radii from A3 to Al of about 84 degrees (83.6). [0227]The profile
of the passage 1080 is preferably smooth. Smoothness can be defined
as the angular spacing between adjacent discrete segments which can
approximate the surface profile. Referring to FIG. 19A, shown is a
detailed view of -91-  WO 2009/061471PCT/1JS2008/012571 the wall
profile of the passage 1080 has been broken up into discrete segments
and the angle of change between each segment is measured. The
discrete segments are each about 1 percent of the fluid path FP
length. In a surface profile is smooth, then there is a small angular
change from one segment to the next having a maximum change of about
90, preferably a maximum of 45, even more preferably a max of 45, and
is yet even more preferably less than 30 degrees. In contrast, if
there is a sudden step in the profile, then the angular change is
greater. In the preferred embodiment of the atomizer, the segmented
profile of the passage 1080 has a maximum angular change that is less
than 30 degrees. More specifically, the surface of the passage 1080
defined by the inner surface of the cover has a maximum angular
change between adjacent segments of about 27 Degrees. The surface of
the passage 1080 defined by the outer surface of the funnel has a
maximum angular change between adjacent segments of about 4.5
Degrees. [0228]Returning again to FIG. 11, once the various
components are correctly assembled, the outlet 1094 of the second
fluid passage 1090 is defined between the second ends 1052, 1042 of
the plug 1050 and funnel 1030. The outlet 1084 of the first fluid
passage 1080 is defined between the second end 1042 of the funnel
1030 and the inner surface 1078 of the lip 1076. [0229]An alternative
embodiment of the atomizer is shown in FIGS. 18 and 18A. In the
atomizer 1000", the components are the same as those of the atomizer
1000 shown in FIG. 11. However, in this alternative embodiment, the



mist-generating apparatus in accordance with the present invention.
The alternative embodiment of the apparatus, generally designated
1000', shares a number of components with the previously described
embodiment and atomizes the first fluid in the same manner as
described above. However, the alternative embodiment does also have a
number of differences from the first embodiment. Most noticeably, the
second end 1074' of the cover 1070' does not have a protruding lip.
The second end 1074' is therefore adjacent the first and second fluid
outlets 1084', 1094'. The funnel 1030' of this alternative embodiment
does not have a radially projecting flange portion which is
sandwiched between the cover 1070' and the base 1012'. Instead, the
funnel 1030' is secured directly to the base 1012' by a number of
fixing screws (not shown). Additionally, instead of being secured
together by screw fixings the cover 1070' has an internal thread on
its inner surface 1073' which cooperates with an external thread on
the outer surface 1026' of the base 1012'. The cover 1070' can
therefore be threaded onto the base 1012', and turning the cover
1070' relative to the base 1012' will adjust the axial distance
between the cover 1070' and both the base 1012' and the funnel 1030'
directly secured to the base 1012'. [0231]As seen best in FIG. 17A,
the first fluid outlet 1084' has been adapted in several ways in the
alternative embodiment. Firstly, the width of the gap between the
second ends 1042', 1074' of the funnel 1030' and cover 1070' which
forms the first fluid outlet 1084' has been increased. Increasing the
gap widens the first fluid outlet 1084' and reduces the exit velocity
of the first fluid for the same flow rate condition. Secondly, as the
axial distance between the cover 1070' and the funnel 1030' can be
adjusted in this embodiment, the angle of projection and exit
velocity of the first fluid can also be adjusted. Adjusting the axial
position of the cover 1070' -93-  WO 2009/061471PCT/US2008/012571
relative to the base 1012' and funnel 1030' adjusts the relative
axial positions of the second end 1074' of the cover 1070' and the
second end 1042' of the funnel 1030', both of which define the first
fluid outlet 1084'. The adjustment of these components therefore also
adjusts the gap size of the first fluid outlet 1084' and initial path
1200' of the first fluid stream as it exits through the first fluid
outlet 1084'. As a result, the more the cover 1070' is screwed onto
the base 1012' the more the initial path of the first fluid stream
1200' issuing from the outlet 1084' will diverge from the
longitudinal axis L' of the apparatus 1000'. In the first embodiment,
the angle of projection was substantially parallel with the
longitudinal axis of the apparatus. The variation in the angle of
projection also reduces the angle of incidence a' between the first
and second fluid streams 1200',1220' issuing from their respective
outlets 1084', 1094'. [0232] The plug 1050' in the alternative
embodiment has a longer threaded surface 1054' and no lip portion
limiting its axial position relative to the base 1012'. The bore
1017' in the base 1012' has an internal thread which engages the
threaded surface 1054' of the plug 1050'. As a result, the axial
position of the plug 1050' relative to the base 1012' and the other
main components can be adjusted depending upon the amount that the
plug 1050' is screwed into the base 1012'. This also allows the width
of the second fluid passage 1090' and outlet 1094' to be adjusted, as
the position of the plug 50' can be adjusted relative to the funnel
30'. Consequently, the adjustment of the plug 1050' also adjusts the



the first fluid) and the degree of atomization of the first fluid.
Specifically, the area ratio between the first and second fluid
outlets, and the angle of incidence between the two streams of the
fluid exiting the outlets improve atomization performance in the
present invention. By providing an area ratio between the respective
outlets as detailed above, the present invention provides a thin film
sheet of first fluid which can be atomized more efficiently by the
second fluid. The smaller exit area of the first fluid outlet also
increases the exit velocity of the first fluid, which in itself can
lead to a degree of atomization of the first fluid as it exits the
apparatus. Providing an angle of incidence between the two streams
which falls within the ranges detailed above provides improved
atomization of the first fluid an terms of droplet size and droplet
distribution) whilst reducing the risk of the atomized first fluid
droplets coalescing -95--  WO 2009/061471PC1711S2008/012571 together
again. The greater the angle of incidence between the streams, the
greater the initial momentum transfer from the second fluid to the
first fluid. However, a large angle of incidence also can lead to the
first fluid film sheet converging when it comes into contact with the
second fluid stream, increasing the risk that some of the atomized
first fluid droplets will coalesce back together. [0235]Using the
second fluid stream to create a turbulent region outside the
apparatus ensures further atomization of the first fluid, again
improving the atomization performance of the present invention. Thus,
the present invention provides a mist-generating apparatus which (i)
generates a mist with the desired water droplet size, and (ii)
generates turbulence in the protection space for substantially
homogenous distribution of the water droplets throughout the volume
of the surrounding space. [0236]The method in which the apparatus is
assembled also has benefits. The base, funnel, plug and cover are all
assembled concentrically in such a way that the gaps defining the
fluid passages and outlets between the components are consistent
along the length and around the circumference of the apparatus.
Furthermore, as each of the funnel, plug and cover are attached or
mounted to the base plate, the components have a common reference
point. This ensures that tolerance errors are minimized instead of
being multiplied, as is often the case in prior art assemblies where
the components are assembled together without a common reference.
[0237]In the embodiment having the cover member with an axially
projecting lip, the lip prevents damage to the funnel and plug if the
apparatus is dropped. The relative positions of these components, and
hence the geometry of the first and second passages, is therefore
protected. Additionally, the inner surface of the lip ensures that
the apparatus has directionality, i.e. the atomized droplets can be 



-96-  WO 2009/061471PCT/US2008/012571 directed towards a chosen
location.Although as discussed above, such directionality is not
necessary for the purpose of effective fluid mist fire protection.
[0238]Furthermore, droplets held against the inner surface of the lip
are more easily atomized as they are subject to both the force of the
second fluid and the friction forces from the inner surface. However,
it should be understood that this first embodiment may alternatively
have a lip which projects a relatively short distance, e.g. a few
millimeters, or the lip may be omitted from the first embodiment. In
these instances, the atomizing process described above will take
place substantially outside of the mist-generating apparatus.
[0239]In the embodiment in which the cover member has no projecting
lip, there is no radial constriction of the fluid streams. Therefore
the streams are allowed to expand radially away from the longitudinal
axis L of the apparatus at an earlier stage than they would if there
was a lip present. This creates a greater degree of turbulence in the
second fluid, which can enhance the atomization of the first fluid.
Additionally, the resulting mist plume has a wider spread, which can
be beneficial in a situation where the apparatus is to fill a
particular volume with the mist as opposed to directing the plume
towards a specific location. [0240]One or more of the fixing screws
used in the assembly of the apparatus may be replaced with an
alternative mechanical fixture where appropriate. Suitable examples
include fixing bolts, clamps, or a combination thereof. One or more
of the mechanical fixtures may be a tamper proof or tamper evident
fixture in order to either prevent or highlight disassembly of the
apparatus following installation. [0241]Instead of using a threaded
arrangement as in the alternative embodiment, the adjustment of the
axial position of the cover relative to the base may alternatively be
achieved by inserting shims between the two components and -97-  WO
2009/061471PCT/US2008/012571 then tightening the two components
together using mechanical fixtures in the same manner as that of the
first embodiment. [0242]It should be recognized that the adapted
features of the second illustrated embodiment are not limited to
being used in combination. These features may therefore be
incorporated individually in the first embodiment if desired. For
example, an embodiment of the apparatus having no lip present need
not also be provided with the adjustment arrangement for the cover
member as well. [0243]Whilst it is preferred that the apparatus is
formed in the manner described from a base, funnel, plug and cover
member, it should be recognized that the apparatus of the present
invention is not limited to the formation of the various fluid
channels and passages using these specific components. The desired
fluid channels and passages may be created within the apparatus in an
alternative manner to that described. For example, the channels and
passages may be formed by drilling the apparatus, or else by casting
the apparatus with the channels and passages formed therein. 



[0244]Although the apparatus is preferably manufactured from
stainless steel, alternative materials sharing the same properties
may also be used instead. The primary requirements of the material
are resistance to corrosion, chemicals and wear. It is also
preferable that the material is easily machined or formed, and
relatively inexpensive. Possible alternative materials include metals
such as aluminum and brass, and metal alloys such as tungsten.
Plastics or ceramic materials having the aforementioned properties
may also be used. [0245]Again, whilst the preferred first fluid has
been described as water, the present invention is not limited to this
specific first fluid. For example, the first fluid could be a liquid
fire retardant instead. Similarly, whilst the second fluid is
preferably -98-  WO 20091061471PCT/US2008/012571 a gas, it is not to
be considered as limited to the examples of gas given in the
foregoing disclosure. Other compressible fluids having similar
properties to the gases disclosed may also be used without affecting
the manner of operation of the present invention. The second fluid
should preferably be easily obtainable, relatively inexpensive and
non-corrosive. It may also be beneficial to use a second fluid which
has the additional benefits of being generated on site (e.g. via a
compressor) and/or has inerting benefits when used in fire
suppression. [0246]The inventors have provided methods, systems and
devices for liquid mist-type fire protection that provides improved
performance over previously known mist systems and technology. In
particular, the preferred methods, systems and devices provide for
liquid mist fire protection independent of the discharge device or
atomizer location relative to any one of the floor space geometry
and/or the hazard or fire location. In addition, the preferred system
and methods provide for equal performance independent of the number
of atomizers utilized provided that the total volume being discharged
for the various system configurations is substantially equal.
Finally, the preferred systems have demonstrated performance over
known mist systems by (i) requiring less water and pressure
consumption; and (ii) reducing the time to extinguishment over
previously known mist systems. [0247]While the present invention has
been disclosed with reference to certain preferred embodiments,
numerous modifications, alterations, and changes to the described
embodiments are possible without departing from the sphere and scope
of the present invention, as described herein.  100 What is claimed
is:  1. A mist generating device comprising: a first fluid passage
having a first fluid inlet and a first fluid outlet disposed about a
longitudinal axis of 5the device; and a second fluid passage having a
second fluid inlet and a second fluid outlet through which a second
fluid passes, the second fluid passage disposed about the
longitudinal axis concentric with the first fluid passage, the second
fluid passage defining an equivalent angle of expansion of between 1
and 40 degrees; 10wherein the second fluid passage includes a throat
portion located 



between the second fluid inlet and the second fluid outlet, the
throat portion having a smaller cross sectional area than that of
either the second fluid inlet or second fluid outlet such that the
area ratio between the throat portion and the second fluid outlet is
between 5:7 and 2:11; and 15wherein the ratio of the cross sectional
area of the first fluid outlet to the second fluid outlet is between
10:3 and 1:12.     2. The device of claim 1, wherein the cross
sectional area of the second fluid outlet is between 4 and 7 times
greater than that of the first 20fluid outlet.  3. The device of
either preceding claim, wherein the first fluid passage  101 are
oriented relative to one another such that they have an angle of
incidence of less than 90 degrees.  4. The device of claim 3, wherein
the first and second fluid outlets are 5oriented relative to one
another such that they have an angle of incidence of between 5 and 30
degrees.  5. The device of any preceding claim, wherein the first
fluid passage is located radially outward from the second fluid
passage.            6. The device of any preceding claim, wherein the
first fluid passage includes an intermediate portion located between
the first fluid inlet and the first fluid outlet, the intermediate
portion having a cross sectional area which is larger than that of
either the first fluid inlet or the first fluid outlet.  7. The
device of claim 6, wherein the intermediate portion of the first
fluid passage has a cross sectional area which is between 50 and 400
times greater than that of the first fluid outlet. 208.The device of
any preceding claim, wherein the first fluid passage defines a smooth
curving profile that converges toward the longitudinal axis such that
a flow path decreases in a direction from the first fluid inlet to
the first fluid outlet.  102  9. The device of any preceding claim,
wherein the first fluid passage defines a total volume of between
119000 mm3 and 121500 mm3 and the second fluid passage defines a
total volume of between 24300 mm3 and 



525500 mm3.  10. The device of any preceding claim, further
comprising:           a first fluid supply channel having a first end
adapted to be connected to a supply of a first fluid and a second end
connected to the 10first fluid inlet; and       a second fluid supply
channel having a first end adapted to be connected to a supply of a
second fluid and a second end connected to the second fluid inlet;
wherein the first and second supply channels are substantially
15parallel to the longitudinal axis of the device.  11. The device of
any preceding claim further comprising a chamber in communication
with the first and second fluid outlets for mixture of the liquid and
gas discharge so as to form the mist. 20  12. A method of mist fire
protection for fixed equipment within a  103 define a plurality of
corners and an enclosure volume of at least 130 cu. m. (4590 Cu.
ft.), the method comprising: disposing at least one mist generating
device in the substantially enclosed space, the mist generating
device comprising: a first fluid 5passage having a first fluid inlet
and a first fluid outlet disposed about a longitudinal axis of the
device; and a second fluid passage having a second fluid inlet and a
second fluid outlet through which a second fluid passes, the second
fluid passage disposed about the longitudinal axis concentric with
the first fluid passage, wherein the ratio of the cross 10sectional
area of the first fluid outlet to the second fluid outlet is between
10:3 and 1:12, the disposing at least one mist generating device
consisting of one of:        (i) mounting at least two mist
generating devices in the enclosed space, wherein the at least 130
cu. m. (4590 cu. ft.) (4590 cu. ft.) is at 



15least 260 cu. m. (9180 cu. ft.), the at least two mist generating
devices being disposed in diagonally opposed corners so as to define
a minimum spacing therebetween of about 3.4 m. (11 ft.);        (ii)
mounting the at least one mist generating device in a pendent
configuration where the enclosure height ranges between about 3.0 m.
20(9.8 ft.) to about 8.0 m. (26.2 ft.) with a clearance from any wall
of the enclosed space ranging from 0.3 m (1 ft.) to about 3.4 m. (11
ft.),        (iii) mounting the at least one mist generating device
in a sidewall configuration where the enclosure height ranges between
about 1.0 m.  104 (3.3 ft.) to about 8.0 m. (26.2 ft.), the mounting
being beneath the ceiling at a distance from the ceiling ranging from
about 1.0 m. (3.3 ft.) to about one       half the enclosure height
and with a clearance of at least 1.0 m. (3.3 ft.) from any of the
plurality of corners of the enclosed space; 5(iv) mounting at least
two mist generating devices in a pendent configuration where the
enclosure height ranges between about 3.0 m. (9.8 ft.) to about 8.0
m. (26.2 ft.) with a clearance from any of the plurality of walls of
the enclosed space ranging from 0.3 m (1 ft.) to about 3.4 m. (11
ft.) and spaced from one another by a distance ranging from about 3.4
10m.(11 ft.) to about 30.4 ft; and       (v) mounting at least two
mist generating devices in a sidewall configuration where the
sidewall enclosure height ranges between about 1.0 m. (3.3 ft.) to
about 8.0 m. (26.2 ft.) beneath the ceiling at a distance from the
ceiling ranging from about 1.0 m. (3.3 ft.) to about one half the
15ceiling enclosure height and with a clearance of at least 1.0 m.
(3.3 ft.) from any of the plurality of corners of the enclosed space
such that the at least two mist generating devices each define a
center line of discharge having an unobstructed discharge path with a
diameter of about 1.5 m. (5 ft.) from the device to an opposing wall
of the plurality of walls, the device 20being mounted from the
opposing wall at a distance ranging between about 3.8 m. (12.5 ft.)
to about 12.0 m. (39.3 ft.) with the center lines of discharge of the
at least two devices have a perpendicular spacing ranging between
about 1.0 m. (3.3 ft.) to about 4.6 m. (15 ft.);  105 



piping a self-contained fluid supply source to the mist generating
device, the piping including coupling an outlet of a liquid supply
tank having a capacity of at least 25 gallons to the mist generating
device, the piping including coupling in parallel a gas supply having
a bank of at least 5three pressurized 11.3 cu. m. (400 cu. ft.) tanks
with the liquid supply tank and the mist generating device; and
interlocking an actuator to release the gas from the cylinders to the
tank and the at least one mist generating device, the interlocking
including coupling the actuator with a heat release detector disposed
in the enclosed space, the heat detector being 10responsive to a fire
in the enclosed space such that upon detection of a fire, the heat
detector signals the actuator to release the gas from the cylinders
to pressurize the tank and delivery of the gas to the mist generating
device. 1513.A fire protection system for addressing a fire with a
mist, the system comprising:        at least one mist generating
device disposed in an enclosed space having a volume of at least 130
cu. m. (4590 cu. ft.), the at least one mist generating device
comprising: a first fluid passage having a first fluid inlet 20and a
first fluid outlet disposed about a longitudinal axis of the device;
and a second fluid passage having a second fluid inlet and a second
fluid outlet through which a second fluid passes, the second fluid
passage disposed about the longitudinal axis concentric with the
first fluid passage,  106 wherein the ratio of the cross sectional
area of the first fluid outlet to the second fluid outlet is between
10:3 and 1:12; and       a fluid supply source including a liquid
supply coupled to the first fluid inlet for discharge of liquid from
the first fluid outlet, the fluid supply 5further including a gas
supply coupled to the second fluid inlet at a pressure ranging from
about 2.1 bar (30 psi.) to about 24.1 bar (350 psi.) for discharge
from the second fluid outlet to mix with the liquid in an optional
chamber so as to form the mist to address the fire, the fluid supply
further having a property that is selected from the group consisting
of: 10(i) the liquid supply pressurized by the gas supply, the liquid
supply being coupled to the first fluid inlet to provide the liquid
to the inlet at a pressure of at least 0.5 bar (7 psi.) for liquid
flow through the first fluid passage; (ii) a pressurized gas supply
that includes a bank of at least three 



15(3) 11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder
being coupled to a piping manifold coupled to the second fluid outlet
with a regulated discharge pressure from the manifold of at least 6.9
bar (100 psi.), and a liquid supply that includes at least one
ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fighting liquid pressurized by the 20gas supply discharge pressure,
the tank being coupled to the first fluid inlet;       (Hi) the total
liquid supply ranging between about fifty-seven liters (57 L.)
(fifteen gallons (15 gal.)) to about ninety-five liters (95 L.)
(twenty-  107 five gallons (25 gal.)) for each 130 cu. m. (4590 cu.
ft.) of enclosed space; and       (iv) the liquid and gas being
provided to the device in a liquid-to-gas mass flow ratio ranging
from about 1:1 to about 3:1. 5  14. The system of claim 14, wherein
the fluid supply source is a self-contained fluid supply source.  15.
The system of claim 14 or claim 15, wherein the first fluid outlet
10discharges the liquid as an annulus.  16. The system of any of
claims 14 to 16, wherein the mist further has a property that is
selected from the group consisting of:               (i) a majority
of droplets having a diameter ranging from 1 to 10 15microns;
(ii) defines a total extinguishing volume of less than about 8
gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed
space; and            (iii) an extinguishment time ranging from about
780 seconds to about 80 seconds for normalized sized fires ranging
between about 1 20kW/cu. m. to about 8 kW/cu. m.  108 17.A method of
mist fire protection to address a fire in a substantially enclosed
space having a volume of at least one hundred thirty cubic meters
(130 cu. m. (4590 cu. ft.)), the method comprising: 



using at least one mist generating device disposed in the space for
5discharge of a mist into the space, the at least one mist generating
device comprising: a first fluid passage having a first fluid inlet
and a first fluid outlet disposed about a longitudinal axis of the
device; and a second fluid passage having a second fluid inlet and a
second fluid outlet through which a second fluid passes, the second
fluid passage disposed about the 10longitudinal axis concentric with
the first fluid passage, wherein the ratio of the cross sectional
area of the first fluid outlet to the second fluid outlet is between
10:3 and 1:12; and       generating a liquid mist using the at least
one mist generating device including: delivering a liquid as the
first fluid to the first fluid inlet 15through the first fluid
passage for a discharge of the liquid from the first fluid outlet;
delivering a gas as the second fluid of to the second fluid inlet of
the device at an operating pressure ranging between about 2.1 bar (30
psi.) to about 24.1 bar (350 psi.) for gas flow through the second
fluid passage and discharge from the second fluid outlet to mix with
the liquid 20 so as to form the mist; and distributing the mist
throughout the enclosed space, the distributing including discharging
the liquid and the gas from the mist generating device for a
discharge time of at least ten minutes, the  109 discharging the gas
includes discharging the gas at a velocity of at least sonic
velocity. 18.The method of claim 18, wherein the first fluid outlet
discharges the 5liquid as an annulus. 19.The method of either claim
18 or claim 19, wherein the mist further has a property that is
selected from the group consisting of:              (i) a majority of
droplets having a diameter ranging from 1 to 10 10microns;
(ii) defines a total extinguishing volume of less than about 8
gallons (8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed
space; and           (iii) an extinguishment time ranging from about
780 seconds to about 80 seconds for normalized sized fires ranging
between about 1 15kW/cu. m. to about 8 kW/cu. m. 



20.A method of assembling a mist generating device, comprising the
steps of:              forming a base member containing first and
second fluid supply 20channels;       forming a funnel member
containing a bore, and axially and concentrically locating the funnel
member on the base member such that the bore communicates with the
second fluid supply channel;  110       forming an elongate plug
member, and axially and concentrically attaching the plug member to
the base member such that a portion of the plug member lies within
the bore and a second fluid passage is defined between the concentric
funnel and plug members; 5forming a cover member, the cover member
having a first end adapted to enclose the funnel and plug members,
and adapted to axially and concentrically locate on the base member,
the cover member further comprising a second end having an outlet;
and attaching the cover member to the base member such that a first
10fluid passage is defined between an external surface of the funnel
member and an internal surface of the cover member, such that a first
fluid outlet of the first fluid passage and the second fluid outlet
communicate with the outlet of the cover member, and the ratio of the
cross sectional area of the first fluid outlet to the second fluid
outlet is between 10:3 and 1:12. 






