USOORE40065E

as United States

a2 Reissued Patent
Kotliar

(10) Patent Number:
45) Date of Reissued Patent:

US RE40,065 E
Feb. 19, 2008

(54) HYPOXIC FIRE PREVENTION AND FIRE
SUPPRESSION SYSTEMS FOR COMPUTER
CABINETS AND FIRE-HAZARDOUS
INDUSTRIAL CONTAINERS

(735)

Inventor: Igor K. Kotliar, New York, NY (US)

(73) Assignee: FirePASS Corporation, New York, NY

Us)

@
(22)

Appl. No.:
Filed:

11/198,862
Aug. 5, 2005

Related U.S. Patent Documents
Reissue of:
(64) Patent No.:
Issued:
Appl. No.:
Filed:

6,334,315
Jan. 1, 2002
09/566,506

May 8, 2000

U.S. Applications:

(63) Continuation-in-part of application No. 09/551,026, filed on
Apr. 17, 2000, now Pat. No. 6,314,754.

Int. Cl1.
F24F 3/16

(51)
(2006.01)

(52)
(58)

US.Cl ..o 62/78; 95/47; 95/54; 169/54
Field of Classification Search 62/78;

95/47, 54; 169/54
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,388,413 A 2/1995 Major et al.
5,472,480 A 12/1995 Barbe
5,649,995 A 7/1997 Gast, Jr.
5,730,780 A 3/1998 Booth, III
5,799,495 A 9/1998 Gast, Jr. et al.
5,799,652 A * 9/1998 Kotliar .................. 128/205.11
5,921,091 A 7/1999 Foss et al.
6,012,533 A 1/2000 Cramer
6,112,822 A 9/2000 Robin et al.
6,547,188 B2 4/2003 Schmutz et al.
6,604,558 B2 8/2003 Sauer
6,634,598 B2  10/2003 Susko
6,729,359 B2 5/2004 Jones
6,739,359 B2 5/2004 Jones et al.
6,739,400 B2 5/2004 Lessi et al.

OTHER PUBLICATIONS

William M. Cavage, Federal Aviation Administration, Atlan-
tic City, NJ, and Timothy Bowman, Boeing Phantom Works,
St. Louis, MO, Modeling In—flight Inert Gas Distribution in
a 747 Center Wing Fuel Tank, AIAAFDC32143b.pdf, 598
Kb, 13 pages, FAA White Papers.

William M. Cavage, Fire Safety Branch, Federal Aviation
Administration, William J. Hughes Technical Center, Atlan-
tic City International Airport, NJ, Modeling of In—flight Fuel
Tank Inerting for FAA OBIGGS Research, 255 Kb, 11 pages,
FAA White Papers.

(Continued)
Primary Examiner—William C. Doerrler

(57) ABSTRACT

Fire prevention and suppression system is provided for
computer cabinets and fire-hazardous containers. The equip-
ment of the system provides low-oxygen environments at
standard atmospheric pressure. The system employs an

3,948,626 A 4/1976 Bragg oxygen-extraction apparatus that supplies oxygen-depleted
4,378,920 A * 4/1983 Runnels et al. ......... 244/135 R air inside an enclosed area communicating with the device.
3’2 gf’ égg i 1?; }gg; é/llanatt A fire-extinguishing composition is provided for continuous
4806514 A 1/1990 Suerimama et al use in computer cabinets and fire-hazardous containers,
5063753 A 11/1991 Wogoﬁruff ' consisting of oxygen-depleted air having oxygen content
5,220,799 A 6/1993 Lievens et al. below 12%.
5,273,344 A 12/1993 Volkwein et al.
5,308,382 A 5/1994 Prasad 26 Claims, 3 Drawing Sheets
12 15
o
10 | ———— 20
™~ ﬂ
\ —— —0
O — e
7
D0 = AT |
CliAc|A™
LT — o
13/ nlla 16
i it 7
a
C o o’




US RE40,065 E
Page 2

OTHER PUBLICATIONS

William M. Cavage and Robert Morrison, Fire Safety
Branch, Federal Aviation Administration, William J. Hughes
Technical Center, Atlantic City Int’l Airport, NJ, Develop-
ment and Testing of the FAA Simplified Fuel Tank Inerting
System, Cavage-FAAOBIGGSDevelop&Test, 530 Kb, 11
pages, FAA White Papers.

Steven M. Summer, Limiting Oxygen Concentration
Required to Inert Jet Fuel Vapors Existing at Reduced Fuel
Tank Pressures, Aug. 2003, DOT/FAA/AR-TN02/79, 1.8
Mb, 32 pages, FAA White Papers.

William M. Cavage, Fire Safety Branch, Federal Aviation
Administration, AAR—422, Building 204, William J. Hughes
Technical Center, Atlantic City International Airport, NJ,
Ground—Based Inerting of Commercial Transport Aircraft
Fuel Tanks, RTO__AVT-GBI Paper 761 Kb, 20 pages, FAA
White Papers.

William M. Cavage, Fire Safety Section, Federal Aviation
Administration, Atlantic City International Airport, NJ,
Modeling Inert Gas Distribution in Commercial Transport
Aircraft Fuel Tanks, AIAA Paper 2002-3032, Report 1300,
600 Kb pages, FAA White Papers.

Charles C. Graves and Donald W. Bahr, FAA—Propulsion
Chemistry Division, Basic Considerations in the Combus-
tion of Hydrocarbon Fuels with Air, NACA —1300, 24.04
Mb 26, 267 pages, FAA White Papers.

William M. Cavage, FAA, AAR-422, Fire Safety R&D,
Copyright @ 2001 Society of Automotive Engineers, Inc.,
Ground—Based Inerting of a Boeing 737 Center Wing Fuel
Tank, SAE-GBI, 281 Kb, 8 pages, FAA White Papers.
Michael Burns, William M. Cavage, Federal Aviation
Administration, William J. Hughes Technical Center, Air-
port and Aircraft Safety, Research And Development Divi-
sion, Atlantic City Int’l Airport, NI 08405, Ground and
Flight Testing of a Boeing 737 Center Wing Fuel lank
Inerted With Nitrogen—Enriched Air DOT/FAA/AR-01/63,
4.91 Mb, 34 pages, FAA White Papers.

Samuel V. Zinn, Jr., Nat’l Aviation Facilities Experimental
Center, Atlantic City, NJ, Inerted Fuel Tank Oxygen Con-
centration Requirements, Aug. 1971, FAA-RD-71-42 1.58
Mb, 23 pages, FAA White Papers.

Thomas L. Reynolds, et al., Boeing Commercial Airplanes
Group, Seattle, Wash., Onboard Inert Gas Generation Sys-
tem/Onboard Oxygen Gas Generation System, May 2001,
(OBIGGS/OBOGS) Study NASA/CR-2001-210903 7.75
Mb, 179 pages, FAA White Papers.

Michael Burns and William M. Cavage, Federal Aviation
Administration, FAA William J. Hughes Technical Center,
Airport and Aircraft Safety, Research and Development
Division, Atlantic City Int’l. Airport, NI, Inerting of a
Vented Aircraft Fuel Tank Test Article With Nitrogen
Enriched Air, Apr. 2001, 2.28 Mb., 29 pages, FAA White
Papers.

Steven M. Summer, Cold Ambient Temperature Effects on
Heated Fuel Tank Vapor Concentrations, Jul. 2000, DOT/
FAA/AR-TN99-93, 395 Kb, 13 pages, FAA White Papers.
William M. Cavage, Airport and Aircraft Safety, Research
and Development Division, FAA William J. Hughes Tech-
nical Center, Atlantic City International Airport, NJ, May
2000, The Cost of Implementing Ground—Based Fuel lank
Inerting in the Commercial Fleet, DOT/FAA/AR-00/19,941
Kb, 60 pages, FAA White Papers.

A Benefit Analysis for Nitrogen Inerting of Aircraft Fuel
Tanks Against Ground Fire Explosion, Dec. 1999, Final
Report, DOT/FAA/AR-99/73 Office of Aviation Research,
NTIS, Springfield, VA, 617 Kb, 117 pages.

Steveb M. Summers, Mass Loading Effects on Fuel Vapor
Concentrations in an Aircraft Fuel Tank Ullage, Sep. 1999,
DOT/FAA/AR-TN99/65, 934 Kb, 14 pages.

A Review of the Flammability Hazard of Jet A Fuel Vapor in
Civil Transport Aircraft Tanks, Jun. 1998, Final Report,
DOT/FAA/AR-98/26, 1.04 Mb, 62 pages, FAA White
Papers.

Aircraft Accident Report, In—Flight Breakup Over the Atlan-
tic Ocean Trans World Airlines Flight 800, National Trans-
portation Safety Board, NTSB/AAR-00/03 7.63 Mb, 341

pages.

Daniel R. Bower, Ph.D., Flight Test Group Chairman’s
Factual Report of Investigation, Jul. 17, 1996, NTSB/
SA-516, 96 Kb, 24 pages, FAA White Papers.

Ivor Thomas, FAA R&D Efforts on Flammability, Aug. 14,
2002, 2.3 Mb, 27 pages, FAA White Papers.

Alan Levin, Lower cost, higher risk helped alter FAA stance,
(McLean, VA: Feb. 17, 2004. p. A.03), Copyright 2004
Gannett Company, Inc., USA Today.

Alan Levin, FAA Suggests Airbus Modify Jets to Reduce
Risks; Fuel Tanks Scrutunized, (McLean VA: Nov. 19, 2003
p. B.03), Final Edition, Copyright 2003 Gannett Company,
Inc., USA Today.

Alan Levin, Jets Must Be Altered, Device Created to Stop
Fuel-Tank Explosions(McLean VA: Feb. 17, 2004, p. A.01),
Final Edition, Copyright 2004 Gannett Company, Inc., USA
Today.

Alan Levin, FAA Device Could Guard Against Terrorism;
Experts: Fuel-tank System Could Help Jets Survive Missle
Attack (McLean Va: Feb. 18, 2004, p. A.03) Final Edition,
Copyright 2003 Gannett Company, Inc., USA Today.

David Evans, Safety v. Entertainment, (Feb. 1, 2003) Avi-
onics Magazine.

Peg Hashem, Hamilton Sundstrand and Two Units of Cob-
ham to Supply Nitrogen Generation System for Boeing 7E7,
Hamilton Sundstrand, A United Technologies Company,
Windsor Locks, Conn., Corporate Press Release (Jul. 1,
2004).

Andrew J. Peacock, Oxygen at High Altitude, BMJ 1998;
317:1063-1066 (Oct. 17).

Peter W. Hochachka, Mechanism and Evolution of Hypoxia—
Tolerance in Humans, The Journal of Experimental Biology
201, 1243-1254 (1998).

J. Hardy Tyson and John F. Barnes, The Lffectiveness Of
Ullage Nitrogen—Inerting System Against 30-mm High—FEx-
plosive Incendiary Projectiles, Naval Weapons Center,
China Lake, CA, Report JTCG/AS-90-T-004, (May 1991).

* cited by examiner



U.S. Patent Feb. 19, 2008 Sheet 1 of 3 US RE40,065 E

Fig. 1
12 15
[/}
10 _— 20
\ &’
\ ——0
0 — 7 [TT~n
=
Oo-—o— o4 |
] Sl n
L T— p—
13./ _— 16
| | /7
g
0 O 0’
Fig. 2 Fig. 3
12— _— 15 35 32, 33
< 20 \l 1 /' Air
;) / Ve 5 (
7
W ( 4 v ‘m__\ \
13 14 34
19 20
: 22 21 16

22 |21

“/ 30 /11

16

N




U.S. Patent Feb. 19, 2008 Sheet 2 of 3 US RE40,065 E

T Fig. 4
50—

49
40 \ _‘/ 48
AllB]||C 47
PZ

46 -1 51

41
42 43 ~ — —>

e )

a:_.____
Fig. 5
e 62 61 ——\T ©
49
* = 48
60 —
_z 64
e g
46 63
42 \-* / >




U.S. Patent Feb. 19, 2008 Sheet 3 of 3 US RE40,065 E

Fig. 6
Compressed a?[ 70 1 Hypeoxic air
71 T\ 72
O 73
Fig. 7




US RE40,065 E

1

HYPOXIC FIRE PREVENTION AND FIRE
SUPPRESSION SYSTEMS FOR COMPUTER
CABINETS AND FIRE-HAZARDOUS
INDUSTRIAL CONTAINERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

This invention is related to preceding U.S. Pat. No.
5,799,652 issued Sept. 1, 1998, U.S. Pat. No. 5,887,439
issued Mar. 30, 1999, U.S. Pat. No. 5,924,419 of Jul. 20,
1999 and is continuation in part of the U.S. patent applica-
tion Ser. No. 09/551,026 filed on Apr. 17, 2000.

FIELD OF THE INVENTION

The present invention relates to a process and equipment
for providing low-oxygen (hypoxic) environments inside a
computer cabinet or container with combustible or explosive
material in order to prevent or suppress fire before it starts.

The demand in reliable fire prevention and suppression
systems for industrial applications has been always very
high and is growing extensively, especially with the explo-
sive development of Internet, computerized equipment and
communication systems. The invented Fire Prevention And
Suppression System can be used in any possible application
where a non-occupied environment requires protection from
fire hazard or explosion.

DESCRIPTION OF THE PRIOR ART

At the present time there are no products on the market
that would allow to prevent fire from igniting inside com-
puter cabinets or other industrial enclosures containing
inflammable or explosive materials. A computer or server
produces a lot of heat inside its enclosure or cabinet, mainly
due to friction and overheating of electronic components. At
any time a malfunction of an electronic component or short
circuit may cause fire and extensive damage. A spark inside
a fuel container at gas station or tanker may cause immediate
explosion. All current fire prevention and suppression sys-
tems are design in order to suppress fire after its starts, which
might be too late. Current fire suppression systems are
destructive for computerized equipment and cannot guaran-
tee that fire will not start.

There are millions of powerful computers around the
world, owned by large corporations, banks, communication
companies, military and government agencies, many of
them loosing millions of dollars in just one such fire.

There is no prior art on fire protection systems build inside
a computer cabinet or fire hazardous container. The process
and equipment described in this invention can guarantee that
no fire will be able to start inside such computer cabinet or
container having internal atmosphere with oxygen content
under 10%.

The invention described in this document will prevent
huge financial and environmental losses from industrial fires
and will save many lives of fire fighters and general public.

SUMMARY OF THE INVENTION

A principal object of this invention is to provide a method
for producing a fire safe hypoxic environment inside a
computer cabinet or container with combustible, inflam-
mable or explosive materials.
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Further object of the present invention is the provision of
an oxygen-depletion process and an apparatus for producing
a low-oxygen environment inside a computer cabinet or
industrial container, such equipment employing molecular-
sieve adsorption or membrane-separation technologies.

A still further object of the invention is to provide a
fire-retarding oxygen-depleted environment inside a com-
puter room or industrial facility at standard, slightly reduced
or increased atmospheric pressure and having oxygen con-
tent fewer than 10%.

Another object of this invention is to establish fire safe
hypoxic environments inside computer cabinets or contain-
ers with combustible, inflammable or explosive materials by
providing constant ventilation of such enclosures with
oxygen-depleted air in order to remove heat and/or explo-
sive fumes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the most preferred embodiment of the fire
safe computer cabinet.

FIG. 2 illustrates schematically a working principle of the
invented hypoxic fire prevention and suppression system
employing hypoxic generator in extraction mode.

FIG. 3 illustrates schematically an alternative working
principle of the invented hypoxic fire prevention and sup-
pression system employing hypoxic generator in supply
mode.

FIG. 4 presents a schematic view of a working principle
of hypoxic generator employing nitrogen adsorbing
molecular-sieve material and Pressure-swing adsorption
technology.

FIG. 5 presents a schematic view of a working principle
of hypoxic generator employing oxygen adsorbing
molecular-sieve material and Pressure-swing adsorption
technology.

FIG. 6 shows schematically working principle of hypoxic
generator employing Membrane air-separation technology.

FIG. 7 illustrates a schematic view of an industrial con-
tainer filled with highly inflammable fluid.

DESCRIPTION OF THE INVENTION

It is well known that combustion process requires oxygen,
therefore the goal of this invention is to provide an extreme
hypoxic normbaric environment inside a computer cabinet
or any container in order to eliminate fire hazard completely.

This invention is based on a discovery made by the
inventor during research with the Hypoxic Room System
made by Hypoxico Inc. in New York. It was discovered that
a normbaric hypoxic environment provides a different effect
on ignition and combustion process than hypobaric or natu-
ral altitude environments with the same partial pressure of
oxygen. For example, gasoline or any gas lighter would
ignite and bum on an altitude of 19,000' (5,800 m) in the air
having partial pressure of oxygen at 2.99" (76 mm) of
mercury.

However, if we create a corresponding normbaric hypoxic
environment with the same partial pressure of oxygen at
2.99" or 76 mm of mercury, we will find that gasoline will
not burn or even ignite. Any attempt to ignite it would fail
because even a gaslighter or gas torch would not ignite in
this environment. It means that normbaric environments
with corresponding oxygen content of 10% are absolutely
safe against any fire hazard.

This invention provides reliable and inexpensive process
and equipment for producing such fire-retarding environ-
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ment inside a computer cabinet or container with fire haz-
ardous material.

FIG. 1 shows the most preferred embodiment of the fire
safe computer cabinet system 10 consisting of cabinet
enclosure 11 having (in this case clear) door 18 and air
intake openings 16 and filled with computer equipment or
components 17, further having hypoxic generator 12
mounted on the top of the cabinet enclosure 11.

FIG. 2 shows schematically a working principle of the
invented hypoxic fire prevention and suppression system 10
employing hypoxic generator in extraction mode.

The fire safe computer cabinet system 10 consists of a
computer rack or cabinet enclosure 11 filled with computer
devices or components and hypoxic generator 12 mounted
directly on cabinet enclosure 11 and having air intake 13 and
outlets 14 and 15. Computer cabinet 11 does not have to be
absolutely airtight—it has multiple openings or holes 16,
preferably in its lower portion. Openings 16 are shown
schematically for better understanding of air circulation
inside cabinet 11. In reality there is no need for special
openings because air will always be able to enter cabinet
through gaps around the door or through semi-airtight
enclosure.

Hypoxic generator 12 draws air from the cabinet 11
through the intake 13 and extracts a part of oxygen from it
allowing oxygen depleted air back into cabinet 11 through
outlet 14. Oxygen-enriched gas mixture is disposed into
atmosphere through disposal outlet 15. This process creates
a slightly negative pressure inside cabinet 11 that works as
a driving force for intaking fresh air through the openings
16, in order to equalize atmospheric pressures inside and
outside of cabinet 11. Therefore semi-airtight cabinet 11 and
even holes 16 in it are absolutely necessary functional
components of this fire-retarding system.

Hypoxic generator starts working when door 18 is closed.
At the beginning, the oxygen-enriched gas being removed
from the system through disposal outlet 15 has a little higher
oxygen content (about 30%) than ambient air entering
cabinet 11 through holes 16 (20.94% at sea level). It means
that oxygen content inside cabinet 11 will start dropping to
a certain level below 10%. At the same time the oxygen
content in the disposal fraction will also decrease to about
ambient air level. The higher oxygen content in the disposal
fraction, the lower will be the oxygen content inside cabinet
11. The lowest possible oxygen content inside cabinet 11
will be about 4.5%. Most important in the invented system
is that it does not affect air composition in the room where
the system 10 is installed. After oxygen content in cabinet 11
drops to desired level, the system 10 becomes balanced and
will extract composition with oxygen content close to ambi-
ent air.

When oxygen content inside cabinet 11 drops below 7%,
which will be detected by oxygen transducer 19 installed
inside cabinet 11, hypoxic generator 12 turns off in order to
save energy. When, after some time, oxygen content inside
cabinet 11 reaches about 12%, transducer 19 will turn on
hypoxic generator 12 again, and so further in cycles. Expen-
sive oxygen transducer 19 is optional and can be replaced by
a simple timer, which can turn on and off hypoxic generator
12 in preset intervals of time.

An air-cooling device 20 is installed in order to reduce
temperature inside cabinet 11. The device 20 consists of
thermoelectric module having cold sink plate 22 inside
cabinet 11 and heat sink 21 outside cabinet 11. Big advan-
tage of thermoelectric modules is the absence of refrigerant
or any moving parts. Working principle of a thermoelectric
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cooler is well known and such devices are available on the
market. Suitable device with high-performance thermoelec-
tric module and high-fin-density cold sink and heat sink can
be bought from TE Technology Inc. in Michigan, U.S.A.

It is advisable to direct the gas flow from outlet 14 against
the cold sink 22 of the cooler 20 in order to provide better
circulation of cold gas mixture inside cabinet 11 and better
cooling of electronic components 17. Cooler 20 can be
equipped with a simple thermostat that will control tem-
perature inside cabinet 11 and save energy by turning off the
cooler 20 when desired low temperature is reached.

FIG. 3 illustrates schematically an alternative working
principle of the invented hypoxic fire prevention and sup-
pression system 30 employing hypoxic generator 32 in
supply mode. This embodiment does not change anything in
design of cabinet 11 and all other components. The only
difference is in configuration of hypoxic generator 32 that is
the same as generator 12, but connected different way to
cabinet 11.

Hypoxic generator 32 takes in ambient air through intake
33 and separates it into oxygen-depleted fraction being
transmitted inside cabinet 11 through outlet 34 and oxygen-
enriched fraction being disposed into atmosphere through
disposal outlet 35. This way cabinet 11 becomes constantly
ventilated with low-oxygen gas mixture. Hypoxic generator
shown below on FIG. 4 will be available in 2001 from
Hypoxico Inc. in New York. It can provide oxygen-depleted
air with any oxygen concentration in the range from 5% to
10%, which can be exactly preset at the factory.

The oxygen-depleted air entering cabinet 11 through
outlet 34 is directed against cold sink 22 of the thermoelec-
tric cooler 20 and sinks further down to the bottom of
cabinet 11. In this embodiment openings 16 are moved to the
higher position in order to exhaust warm gas mixture instead
of cool one at the bottom of cabinet. This way, an effective
air circulation inside cabinet 11 is assured, providing better
cooling of computer components 17. The invented system
30 is entirely safe because disposal fraction having only
slightly increased oxygen content of about 30% is instantly
dissociated in the surrounding atmosphere. The system 30
does not affect air composition in surrounding atmosphere in
any way because the oxygen amount in both fractions
exiting the system is equivalent to the amount of oxygen in
the air entering the system. Constant ventilation of the
internal environment allows to remove heat from cabinet 11.
This embodiment is most suitable for fire-hazardous con-
tainers because constant ventilation will allow removing of
explosive fumes.

All parts of the systems 10 and 30 are shown
schematically, in order to provide better understanding of the
working principle. For instance, thermoelectric cooler 20
could be build in the air supply line before outlet 14 or 34,
or hypoxic generator could be a free-standing unit connected
with cabinet 11 through air conduits. Computer rack enclo-
sure 11 can be computer cabinet or container with fire-
hazardous materials. Transducer or timer 19 and cooler 20
are optional in some applications.

Other oxygen-extraction devices employing molecular-
sieve adsorption, membrane-separation or other technolo-
gies can be used instead on hypoxic generator 12 or 32 in the
invented system. However, it is highly recommended to use
reliable hypoxic generators specially designed by Hypoxico
Inc. in New York.

FIG. 4 presents a schematic view of a working principle
of hypoxic generator HYP-10/PSA/Z employing Pressure-
swing adsorption technology, which will be available from
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Hypoxico Inc. in New York in 2001. This hypoxic generator
40 produces about 10 liters per minute of hypoxic air with
preset oxygen content in the product between 5% and 10%.
Miniature hypoxic generators producing 0.5 to 5 liters per
minute will be available for smaller cabinets as well. All
these generators employ molecular-sieve materials, mainly
synthetic zeolites that adsorb nitrogen and allow oxygen to
pass through the adsorbing material.

Compressor 41 draws ambient air through intake filter 42
and pressurizes it to about 15 psi or 1 bar. Further com-
pressed air is chilled in air cooler 43 and transmitted through
high-efficiency air filter 44 into distribution valve 45
mounted on manifold 46.

3 elongated containers 47 with molecular sieve material
are mounted on manifold 46 the way that pressurized air is
selectively and in cycles delivered into each container 47
allowing to pressurize them for several seconds at about 15
psi or 1 bar. Number of containers 47 may vary from 1 to 12
or more and they can be pressurized individually or in
groups. On the other end all containers are interconnected
with a collecting tank 48 having release valve 49.

Under pressure molecular sieve material in containers 47
allows oxygen-enriched fraction to pass through into tank
48, adsorbing remaining air gases, including mostly nitrogen
and water vapors. Oxygen-enriched fraction is disposed into
atmosphere through release valve 49 and disposal outlet 50.
Distribution valve 45 continuously in cycling manner redi-
rects the flow of compressed air from one container to two
others. After several seconds of pressurization the molecular
sieve material in container A becomes saturated with
nitrogen-enriched fraction. At this time distribution valve 45
takes first position by opening container A for depressuriza-
tion and redirects the flow of compressed air into containers
B and C.

The nitrogen-enriched fraction from container A is trans-
mitted inside manifold 46 into product outlet 51 having
recycling loop 52. Part of nitrogen-rich product is transmit-
ted through recycling loop 52 back into compressor intake
42. This allows significantly increasing efficiency of the
hypoxic generator 40 without increasing working pressure,
power consumption and weight. Low working pressure
allows extending compressor life up to 5 years or more
without any maintenance. Recycling loop 52 is only active
for generators in supply mode as shown in embodiment 30
and is closed in generators working in extraction mode as
shown on FIG. 2.

During the depressurization cycle of container A, a small
amount of oxygen-enriched fraction being kept in tank 48
under minimal pressure by valve 49 is released back into
container A, purging it from contaminating nitrogen.

Second position of distribution valve 45 sets containers C
and A under pressure, depressurizing container B and trans-
mitting its content into product outlet 51.

Third and last position of distribution valve 45 opens
container C for depressurization and directs compressed air
into containers A and B.

There is large selection of suitable distribution valves
available on the market: from mechanical and electric to
solenoid and air-piloted, both linear and rotary types. For
this reason, working principles of these devices will be not
explained in this work further. It is not difficult for those
skilled in the art to find suitable valve and manifold for any
number of containers 47 or their groups.

FIG. 5 presents a schematic view of an alternative work-
ing principle of hypoxic generator 60 employing the same
Pressure-swing adsorption technology, but different adsor-
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bent that adsorbs oxygen and allows nitrogen to pass
through the adsorbing material. Carbon molecular-sieve
material (CMSO2) has tiny hollow traps in its porous
structure called “bottlenecks” that allow oxygen molecules
to get in under pressure. Most of oxygen molecules being
“trapped” inside such “bottlenecks” cannot find their way
out in their chaotic movements. This technology is well
known to those skilled in the art and is used in nitrogen
generators.

Most of the components of the generator 60 are the same
as in embodiment 40 and their working principle will not be
described again. The only difference in this embodiment is
that product and disposal outlets replace each other.

Compressed air pressurizes selectively containers 64 with
oxygen adsorbing molecular-sieve material that allows
nitrogen-enriched fraction to pass through into product
outlet 61 via collecting tank 48 and release valve 49. A part
of the product is returned back into system 60 through
recycling conduit 62. Oxygen-enriched adsorbat is released
into atmosphere through disposal outlet 63.

Hypoxic generators 12 and 32 may also employ oxygen-
enrichment membrane 70 that is schematically shown on
FIG. 6. Usually such membranes are made as elongated
container filled with synthetic hollow fibers that permit
oxygen under pressure through their walls and allow
nitrogen-enriched fraction to pass through the hollow fibers.

Compressed air enters membrane 70 through inlet 71 and
is separated there into oxygen-enriched permeate being
disposed through outlet 73 and hypoxic product delivered
via product release valve 72.

FIG. 7 shows another embodiment 80 of the invented Fire
Prevention and Suppression System. A fire-hazardous indus-
trial container 81 contains highly inflammable liquid
(alcohol, acetone, gasoline, kerosene, liquid gas, paint, etc.)
or dry fire-hazardous and explosive materials. Container 81
can be any industrial container, including stationary and
mobile fuel tanks, sea tankers and cargo ships, underground
fuel tanks at gas stations, dip and quench tanks, spray and
coatings containers, spill containment dikes, storage enclo-
sures and cabinets and other containers with fire hazardous
materials and compositions.

Hypoxic generator 83 can be installed directly on con-
tainer 81 like shown in embodiments 10 and 30 or at remote
location, as shown on FIG. 7. It is advisable for such cases
to use hypoxic generator in supply mode as shown in
embodiment 30.

Hypoxic generator 83 supplies oxygen-depleted air into
tank 81 having a hatch or entry 82 and/or vent 85. Heavy
nitrogen rich product covers surface of the inflammable
liquid and fills the rest of the container 81 replacing explo-
sive vapors being expelled from container 81 through vent
85 or ventilation hole in hatch 82. Waste gas containing
enriched-oxygen fraction is disposed from generator 83 into
atmosphere.

Such fire-retarding environment can be kept inside tank
81 permanently by supplying nitrogen rich product in nec-
essary intervals—atfter fire safe environment with the lowest
oxygen content is established, generator 83 can be shut
down and turned on again by a timing device.

The invented technology should be applied for ventilating
underground communication tunnels, mining facilities,
munitions and missile bunkers, underground military instal-
lations and other facilities in order to remove explosive
gases and replace them with fire safe hypoxic air.
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What is claimed is:

1. A system for providing a fire-extinguishing atmosphere

enclosed environments, said system comprising:

an industrial container containing a fire-hazardous mate-
rial;

a compressor having an inlet and a compressed gas outlet;

an air separation device having an intake and first and
second outlets, said intake is operatively associated
with said compressed gas outlet and receiving an intake
gas under pressure from said compressor;

said device taking in said intake gas and emitting a
reduced-oxygen gas mixture having a lower concen-
tration of oxygen than said intake gas through said first
outlet and enriched-oxygen gas mixture having a
greater concentration of oxygen than said intake gas
through said second outlet;

said first outlet providing a fire-retarding gas mixture for
said enclosed environments with oxygen content below
12%, but greater than 9%, wherein said enclosed
environment comprises said industrial container and
said first outlet is coupled to said industrial container;

said second outlet selectively communicating with out-
side atmosphere and releasing said enriched-oxygen
gas mixture into said outside atmosphere;

said air separation device employing a molecular-sieve
adsorber and said intake being operatively associated
with a distribution valve providing distribution of said
intake gas to multiple inlets each communicating with
an individual gas separation container filled with
molecular-sieve material that under pressure adsorbs
nitrogen and water vapors and allows said enriched-
oxygen gas mixture to pass through into collecting tank
communicating with said second outlet;

said collecting tank being operatively associated with all
said separation containers and receiving selectively
said enriched-oxygen gas mixture therefrom;

said separation containers being selectively pressurized
and depressurized in cycles and releasing during each
depressurization cycle said reduced-oxygen gas mix-
ture being delivered into said first outlet;

said second outlet having release valve allowing to keep
said enriched-oxygen gas mixture being collected in
said collecting tank under increased atmospheric
pressure, so when any of said separation containers
depressurizes, a portion of said enriched-oxygen gas
mixture is released from said tank back into said
container purging said molecular sieve material from
remaining nitrogen and water.

2. A system for producing a fire-extinguishing atmosphere

enclosed environments, said system comprising:

an industrial container containing a fire-hazardous mate-
rial;

a compressor having an inlet and a compressed gas outlet;

an air separation device having an intake and first and
second outlets, said intake is operatively associated
with said compressed gas outlet and receiving an intake
gas under pressure from said compressor;

said device taking in said intake gas and emitting a
reduced-oxygen gas mixture having a lower concen-
tration of oxygen than said intake gas through said first
outlet and enriched-oxygen gas mixture having a
greater concentration of oxygen than said intake gas
through said second outlet;

said first outlet providing a fire-retarding gas mixture for
said enclosed environments with oxygen content below
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12%, but greater than 9%, wherein said enclosed
environment comprises said industrial container and
said first outlet is coupled to said industrial container;

said second outlet selectively communicating with out-
side atmosphere and releasing said enriched-oxygen
gas mixture into said outside atmosphere;

said air separation device employing a molecular-sieve
adsorber and said intake being operatively associated
with a distribution valve providing distribution of said
intake gas to multiple inlets each communicating with
an individual gas separation container filled with

molecular-sieve material that under pressure adsorbs oxy-
gen and allows said reduced-oxygen gas mixture to
pass through into collecting tank communicating with
said first outlet;

said collecting tank being operatively associated with all
said separation containers and receiving selectively
said reduced-oxygen gas mixture therefrom;

said separation containers being selectively pressurized
and depressurized in cycles and releasing during each
depressurization cycle said enriched-oxygen gas mix-
ture being delivered into said second outlet.

3. The apparatus according to claim 1 and

said distribution valve being air distribution device
selected from the group consisting of electrical,
mechanical, air piloted and solenoid valves, both linear
and rotary configuration, with actuators controlled by
pressure, mechanical spring, motor and timer;

said distribution valve being communicating with and
mounted on manifold that is selectively communicating
with said multiple separation containers and said first
outlet, and selectively allowing periodic access of pres-
surized air inside said containers and exit of said
reduced-oxygen gas mixture therefrom.

4. The apparatus according to claim 2 and

said distribution valve being air distribution device
selected from the group consisting of electrical,
mechanical, air piloted and solenoid valves, both linear
and rotary configuration, with actuators controlled by
pressure, mechanical spring, motor and timer;

said distribution valve being communicating with and
mounted on manifold that is selectively communicating
with said multiple separation containers and said sec-
ond outlet, and selectively allowing periodic access of
pressurized air inside said containers and exit of said
enriched-oxygen gas mixture therefrom.

5. An apparatus for producing a fire-extinguishing atmo-

sphere in enclosed environments, said apparatus comprising:

an industrial container containing fire-hazardous mate-
rial;

a compressor having an inlet and a compressed gas outlet;

an air separation device having an intake and first and
second outlets, said intake is operatively associated
with said compressed gas outlet and receiving an intake
gas under pressure from said compressor;

said device taking in said intake gas and emitting a
reduced-oxygen gas mixture having a lower concen-
tration of oxygen than said intake gas through said first
outlet and enriched-oxygen gas mixture having a
greater concentration of oxygen than said intake gas
through said second outlet;

said first outlet providing a fire-retarding gas mixture for
said enclosed environments with oxygen content below
12%, but greater than 9%, wherein said enclosed
environment comprises said industrial container and
said first outlet is coupled to said industrial container;
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said second outlet selectively communicating with out-
side atmosphere and releasing said enriched-oxygen
gas mixture into said outside atmosphere;

said air separation device employing [a membrane] an air

separator membrane for separating said intake gas into
said reduced-oxygen and enriched-oxygen gas mix-
tures.

6. The system of claim 2 wherein said first outlet providing
a fire-retarding gas mixture for said enclosed environments
with oxygen content of between 10% and 12%.

7. The system of claim 1 wherein said industrial container
further comprises a fuel tank.

8. The system of claim 7 wherein said fuel tank further
comprises a mobile fuel tank.

9. The system of claim 2 wherein said first outlet providing
a fire-retarding gas mixture for said enclosed environments
with oxygen content of between 10% and 12%.

10. The system of claim 2 wherein said industrial con-
tainer further comprises a fuel tank.

11. The system of claim 10 wherein said fuel tank further
comprises a mobile fuel tank.

12. The system of claim 5 wherein said first outlet pro-
viding a fire-retarding gas mixture for said enclosed envi-
ronments with oxygen content of between 10% and 12%.

13. The system of claim 5 wherein said industrial con-
tainer further comprises a fuel tank.

14. The system of claim 13 whevein said fuel tank further
comprises a mobile fuel tank.

15. A method for providing a fire-extinguishing atmo-
sphere in enclosed environments, comprising:

providing a cabinet containing electronic components;

providing a compressor having an inlet and a compressed

gas outlet;

providing an air separation device having an intake and

first and second outlets, operatively associating said

intake and compressed gas outlet and receiving an

intake gas under pressure from said compressor;
coupling said first outlet to said cabinet;

emitting a reduced-oxygen gas mixture having a lower

concentration of oxygen than said intake gas through
said first outlet and emitting an enriched-oxygen gas
mixture having a greater concentration of oxygen than
said intake gas through said second outlet;

providing a five-retarding gas mixture for said enclosed

environments in said cabinet with oxygen content
below 12%, but greater than 9%:;

releasing said enriched-oxygen gas mixture into said

outside atmosphere;

employing a molecular-sieve adsorber and a collecting

tank and operatively associating said intake with a
distribution valve and distributing said intake gas to
multiple inlets, each inlet communicating with an indi-
vidual gas separation container filled with molecular-
sieve material that under pressure adsorbs nitrogen
and water vapors and allows said enriched-oxygen gas
mixture to pass through into said collecting tank com-
municating with said second outlet;

operatively associating said collecting tank with all said

separation containers and rveceiving selectively said
enriched-oxygen gas mixture therefrom;

selectively pressurizing and depressurizing said separa-

tion containers in cycles and releasing during each
depressurization cycle said reduced-oxygen gas mix-
ture being delivered into said first outlet;

collecting said enviched-oxygen gas mixture in said col-

lecting tank under increased atmospheric pressure, so
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when any of said separation containers depressurizes,
a portion of said enriched-oxygen gas mixture is
released from said tank back into said container purg-
ing said molecular sieve material from remaining nitro-
gen and water.

16. A method for producing a fire-extinguishing atmo-

sphere in enclosed environments, comprising:
providing a cabinet containing electronic components;

providing a compressor having an inlet and a compressed
gas outlet;

providing an air separation device having an intake and
first and second outlets, operatively associating said
intake with said compressed gas outlet and receiving an
intake gas under pressure from said compressor;

coupling said first outlet to said cabinet;

emitting a reduced-oxygen gas mixture having a lower
concentration of oxygen than said intake gas through
said first outlet and emitting an enriched-oxygen gas
mixture having a greater concentration of oxygen than
said intake gas through said second outlet;

said first outlet providing a fire-retarding gas mixture for
said enclosed environments in said cabinet with oxygen
content below 12%, but greater than 9%,

releasing said enviched-oxygen gas mixture through said
second outlet into said outside atmosphere;

employing a molecular-sieve adsorber and a collecting
tank and operatively associating said intake with a
distribution valve and distributing said intake gas to
multiple inlets, each inlet communicating with an indi-
vidual gas separation container filled with molecular-
sieve material that under pressure adsorbs oxygen and
allows said reduced-oxygen gas mixture to pass
through into said collecting tank communicating with
said first outlet;

operatively associating said collecting tank with all said
separation containers and receiving selectively said
reduced-oxygen gas mixture therefrom;

selectively pressurizing and depressurizing in cycles and
releasing during each depressurization cycle said
enriched-oxygen gas mixture being delivered into said
second outlet.

17. The method according to claim 15 and further com-

prising:

providing said distribution valve from among one of the
group consisting of electrical, mechanical, air piloted
and solenoid valves, both linear and rotary
configuration, with actuators controlled by pressure,
mechanical spring, motor and timer,; and

communicating said distribution valve with and mounted
on a manifold that is selectively communicating with
said multiple separation containers and said first
outlet, and selectively allowing periodic access of
pressurized air inside said containers and exit of said
reduced-oxygen gas mixture therefrom.

18. The method according to claim 16 and further com-

prising:

providing said distribution valve from among one of the
group consisting of electrical, mechanical, air piloted
and solenoid valves, both linear and rotary
configuration, with actuators controlled by pressure,
mechanical spring, motor and timer;

communicating said distribution valve with and mounted
on a manifold that is selectively communicating with
said multiple separation containers and said second
outlet, and selectively allowing periodic access of
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pressurized air inside said containers and exit of said
enriched-oxygen gas mixture therefrom.

19. The method of claim 16 further comprising providing
a fire-retarding gas mixture for said enclosed environments
with an oxygen content of between 10% and 12%.

20. The method of claim 16 wherein providing said
electronic components further comprises providing com-
puter equipment.

21. The method of claim 16 wherein providing a fire-
retarding gas mixture for said enclosed environments further
comprises providing an oxygen content of between 10% and
12%.

22. The method of claim 15 wherein providing said
electronic components further comprises providing com-
puter equipment.

23. A method for producing a fire-extinguishing atmo-
sphere in enclosed environments, comprising:

providing an industrial container containing fire-

hazardous material;

providing a compressor having an inlet and a compressed

gas outlet;

providing an air separation device having an intake and

first and second outlets, operatively associating said
intake with said compressed gas outlet and receiving an
intake gas under pressure from said compressor;

20
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coupling said first outlet to said industrial container;
emitting a reduced-oxygen gas mixture having a lower
concentration of oxygen than said received intake gas
through said first outlet and emitting an enriched-
oxygen gas mixture having a greater concentration of
oxygen than said received intake gas through said
second outlet;
providing a fire-retarding gas mixture at said first outlet
to said industrial comtainer with an oxygen content
below 12%, but greater than 9%,
selectively communicating said second outlet with said
outside atmosphere and releasing said enriched-
oxygen gas mixture into said outside atmosphere; and
employing an air separator membrane in said air sepa-
ration device for separating said intake gas into said
reduced-oxygen and enrviched-oxygen gas mixtures.
24. The method of claim 26 further comprising providing
said fire-retarding gas mixture with an oxygen content of
between 10% and 12%.
25. The method of claim 23 wherein providing said
industrial container further comprises providing a fuel tank.
26. The method of claim 25 wherein providing said fuel
tank further comprises providing a mobile fuel tank.
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