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AIR SUPPLY SYSTEM PARTICULARLY 
SUITED TO REMOVE CONTAMINANTS 

CREATED BY CHEMICAL, BIOLOGICAL OR 
RADIOLOGICAL CONDITIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation of Ser. No. 09/504,396, Which Was 
?led on Feb. 15, 2000, and Which is noW abandoned. 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein made be manufactured 
and used by or for the Government of the United States of 
America for governmental purposes Without any payment of 
any royalities thereon or therefor. 

BACKGROUND OF THE INVENTION 

1.0 Field of the Invention 

The present invention relates to air ?ltering systems and, 
more particularly, to an air supply system that is particularly 
suited to ?lter and remove contaminants created by 
chemical, biological or radiological conditions. 

2.0 Description of the Related Art 
Tactical locations, such as naval Warships and land based 

buildings used for command information centers, have long 
been pressuriZed to protect against airborne intrusion therein 
of chemical, biological and radiological contaminations. 
Such a system is disclosed in US. Pat. No. 4,962,371, Which 
is incorporated herein by reference. Although the existing 
systems that provide for a pressuriZed environment serve 
Well their intended purpose, it is desired that further 
improvements be provided thereto. 

The ?lters used in such pressurized systems are com 
monly placed in relatively small environments, such as air 
ducts. It is desired that a compact ?ltering apparatus be pro 
vided Wherein all the ?ltering required to purge the air of 
contaminants is located in one compact structure. 

The pressuriZed environment provided by the air ?ltering 
systems needs to be maintained at a predetermined positive 
pressure. It is desired that a system be provided that moni 
tors for the pressure Within the enclosed environment and 
maintains the pressure therein Within a desired limit. 

OBJECTS OF THE INVENTION 

It is a primary object of the present invention to provide an 
air ?ltering system that is particularly suited to ?lter and 
remove contaminants created by chemical, biological or 
radiological conditions. 

Another object of the present invention is to provide an air 
supply system that has a single air ?ltering apparatus, Which 
houses all of the necessary ?ltering devices needed to purge 
the supplied air of contaminants. 

It is another object of the present invention to provide for 
a system that monitors the positive pressure Within an 
enclosed environment or Zone protected by the system so as 
to be Within a desired range. 

SUMMARY OF THE INVENTION 

The invention is directed to an air supply system that is 
particularly suited to ?lter out contaminants created by 
chemical, biological or radiological conditions. 

The system comprises a three-stage air ?lter apparatus 
and a supply fan. The three-stage air ?lter apparatus has an 
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2 
input and an outlet, With the input ?uidly coupled to the inlet 
of the air supply system. The three-stage air ?lter apparatus 
has ?rst, second and third coaxially arranged annular ?lters, 
With the ?rst ?lter being disposed Within the second ?lter 
and the second ?lter being disposed Within the third ?lter. 
The ?rst ?lter is located closest to the input of the three-stage 
air ?lter apparatus and the third ?lter is located closest to the 
output of the three-stage air ?lter apparatus. The third ?lter 
?lters and removes particles of at least a ?rst siZe. The sec 
ond ?lter ?lters and removes aerosols and particles of a siZe 
Which is less than the ?rst siZe. The third ?lter comprises a 
gas adsorber for removing gases. The air supply system has 
an input ?uidly coupled to the output of a three-stage air 
?lter apparatus and an output ?uidly coupled to the air intake 
means of the protected Zone. The supply fan supplies a su?i 
cient ?oW of air so as to provide the protected Zone With a 
positive pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention may be 
realiZed When considered in vieW of the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings. 

FIG. 1 is a block diagram shoWing the interrelationship of 
the elements making up the air supply system of the present 
invention. 

FIG. 2 is a perspective vieW shoWing the annular disposed 
three ?lters making up the three-stage air ?lter apparatus of 
the present invention. 

FIG. 3 illustrates the placement of the three-stage air ?lter 
apparatus Within the air ?ltering system of the present inven 
tion. 

FIG. 4 is a functional ?oW diagram of the air supply sys 
tem of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the draWings, Wherein the same reference 
number indicates the same element throughout, there is 
shoWn in FIG. 1 a block diagram shoWing the interrelation 
ship of the essential elements making up the air supply sys 
tem 10 of the present invention. 
The system 10 supplies an enclosed protected Zone 12, 

having an air intake means 14, With an air supply having an 
inlet 16 that is coupled to the external environment. The 
system 10 is particularly suited to provide ?ltering to remove 
contaminants created by chemical, biological or radiological 
conditions. 
The protected Zone 12 is de?ned by enclosed boundaries 

and is airtight. The practice of this invention frees the per 
sonnel in this Zone from Wearing protective masks or 
clothing, otherWise required to prevent the detrimental 
effects by the chemical, biological and radiological contami 
nation. 
The protected Zone 12 is pressuriZed by supplying air at a 

suf?cient ?oW and maintaining the positive pressure by pro 
viding air tightness of the protected Zone 12 itself and by the 
use of air locks. Maintaining a positive pressure With the 
protected Zone 12 prevents the in?ltration therein of the 
chemical and biological contaminants. The contaminants are 
removed from the air ?oWing into the pressurized Zone 12 by 
a three-stage air ?lter apparatus 18. 
The three-stage air ?lter apparatus 18 has a ?rst ?lter 20, a 

second ?lter 22, and a third ?lter 24, all of Which are annular 
coaxially arranged ?lters. The ?rst ?lter 20 is disposed 
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Within the second ?lter 22, and the second ?lter 22 is dis 
posed Within a third ?lter 24 in a manner to be further 
described herein described herein after With reference to 
FIG. 2. The ?rst ?lter 20 is physically located closest to the 
input of the three-stage air ?lter apparatus 18, and the third 
?lter 24 is physically located closest to the output of the 
three-stage air ?lter apparatus 18. 
A differential pressure gage 26 is connected betWeen the 

input and the output of the three-stage air ?lter apparatus 18 
and develops an output proportional to the differences 
betWeen the pressure sensed therebetWeen. The differential 
pressure gauge 26 may be used as a means for verifying the 
operation of the three-stage air ?lter apparatus 18, that is, a 
relatively loW value indicated by the gauge 26 is representa 
tive that the ?lters therein are not clogged and that the three 
stage air ?lter apparatus 18 is performing correctly. 
The air supply system 10 further comprises a supply fan 

28 Which preferably is a centrifugal type fan and is also 
preferably shock-mounted to a structural foundation. The 
supply fan 28 is selected, in a manner knoWn in the art, so as 
to supply a suf?cient amount of air at a suf?cient How so as 
to provide the protected Zone 12 With a positive pressure of 
1.0 inches Wg. The supply fan 28 is located on the doWn 
stream side of the three-stage ?lter apparatus 18 and cooling 
coils 30. 

The cooling coils 30 are installed doWnstream of the 
three-stage ?ltering system 18 so as to condition (cool if 
Warm) the supplied air before distributing it to the supply fan 
28. 

The protected Zone 12 further cooperates With air locks 32 
knoWn in the art. The air locks 32 are used for the ingress 
and egress of personnel to and from the protected Zone 12 so 
as to prevent accident contamination of the protected Zone 
12 during periods of chemical and biological threats. 
The protected Zone 12 further utiliZes fan/natural exhaust 

equipment 34 knoWn in the art. The exhaust system 34 
removes air from the protected Zone 12 the amount of Which 
is balanced With the air supplied by system 10 to the pro 
tected Zone 12 so as to provide and maintain the desired 
amount of positive pressure Within the protected Zone 12. 

The protected Zone 12 further utiliZes Zone pressure gages 
36, Which are monitored to ensure that the protected Zone 12 
is supplied With a positive pressure Within a desired range 
typically from about 0.5 inches (in) Wg to about 1.5 (in) Wg. 
The Zone pressure gages 36 operatively cooperate With an 
alarm system 38. 

The alarm system 38 monitors the pressure in the pro 
tected Zone 12 indicated by the Zone pressure gauges 36 and 
provides an audible alarm to alert personnel of loW pressure 
conditions therein. The alarm may be generated When the 
pressure Within the protected Zone 12 falls beloW 0.5 inches 
Wg. Alarm systems are knoWn and one such system is 
described in the previously incorporated by reference U.S. 
Pat. No. 4,962,371. 
The protected Zone 12 further preferably includes an 

opening With an input and an output, Wherein a pressure 
control valve (PCV) 40 is installed. The pressure control 
valve (PCV) 40 provides ?uid communication betWeen the 
input and output of the opening and is dimensioned, in a 
manner knoWn in the art, so as to alloW for ?uid communica 
tion therebetWeen When the positive pressure Within a pro 
tective Zone is greater than about 1.5 inches Wg. Preferably 
the protected Zone 12 includes the use of one pressure con 
trol valve 40, Which is used to relieve excess air from the 
protected Zone 12 and, thus, prevents excessive pressure 
therein from creating undesired air leaks. 
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4 
The air supplied into the protected Zone 12 originates 

from inlet 16, that is preferably directed into a coarse-?lter 
42. The coarse-?lter 42 typically uses a metal mesh to pre 
vent large particles from entering the air supply system 10. 
The output of the coarse-?lter 42 is directed into a preheater 
44. 

The preheater 44 conditions the air before it enters the 
three-stage air ?lter apparatus 18, Which may be further 
described With reference to FIG. 2. As seen in FIG. 2, the 
three ?lters 20, 22, and 24 of the three-stage air ?lter appara 
tus 18, already discussed With reference to FIG. 1, are annu 
lar in shape and coaxially arranged, With ?lter 20 being 
dimensioned to be insertable into ?lter 22 Which, in turn, is 
dimensioned so as to be insertable into ?lter 24. The ?lters 
20, 22, and 24 are radial ?oW types, Wherein air enters the 
inner (?lter 20) diameter area and ?oWs radially outWard 
through the larger (?lter 24) diameter surface. It Will be 
appreciated from FIG. 2 that ?lters 20, 22, and 24 are free 
standing ?lters. The ?rst ?lter 20 has a typical outer diameter 
of tWelve (12) inches and has a typical length of 10 inches. 
The ?rst ?lter is a pleated-medium Which ?lters and removes 
particles of at least a ?rst or relatively small siZe. The second 
?lter 22 ?lters and removes aerosols and particulates of a 
siZe Which is less than the ?rst siZe of the particles being 
removed by the ?rst ?lter 20. The second ?lter 22 is selected 
of a material, knoWn in the art, for removing solid and aero 
sol chemical, biological and radiological contaminates. The 
third ?lter 24 comprises a gas adsorber Which removes 
gases. The third ?lter 24 contains activated charcoal (asZm 
teda charcoal (chromium free)) selected, in a manner knoWn 
in the art, for removing chemical Warfare gases. The place 
ment of the three-stage air ?lter apparatus 18 and further 
details thereof Within a system, such as that of system 10, 
may be further described in reference to FIG. 3. 

FIG. 3 illustrates one three-stage air ?lter apparatus 18 
further having a gas cover 46 that is laced over the third ?lter 
24 and a NEPA cover 48, Which is placed over the second 
?lter 22 and a clamp 52, Which is over the third ?lter 20. The 
gas cover 46 and NEPA cover 48 are attached by a nut 50, 
Whereas the third ?lter 20 is attached by Way of a clamp 52 
and a nut 54. It Will be appreciated from FIG. 3 that the 
second and third ?lters 22, 24 are held in place by retaining 
mechanisms, e.g., the gas cover 46 and the NEPA cover 48, 
While the ?rst ?lter 20 is held relative to the second ?lter. 

The system 10 preferably includes ?ve three-stage air ?l 
ter apparatuses 18, but only one is shoWn in FIG. 3 for the 
sake of clarity. The ?ve three-staged air ?lter apparatuses 18 
are each housed in an opening 56 With each of the ?lters 20, 
22 and 24 disposed inside each opening 56. The openings 56 
open into an outlet plenum 58 Which has curved upper por 
tions (shoWn in FIG. 3) that provide an air ?oW Which is 
directed toWard the air supply 28 (not shoWn). 
The input air originally from inlet 16 of FIG. 1 is indicated 

in FIG. 3 by directional arroW 62, and a Watertight access 
door 64, similar to those used for the air locks 32, is gener 
ally indicated by reference number 64 and forms part of a 
bulkhead 66. The support for the openings 56 is provided by 
the bulkhead 68 and the structural support of the outer ple 
num 58 is provided by a deck 70. The output air exiting from 
the outer plenum 58 is indicated in FIG. 3 by directional 
arroW 60. The operation of the system 10 can be further 
described With reference to FIG. 4. 

FIG. 4 shoWs a functional ?oW diagram 72 of the opera 
tion of the present invention. FIG. 4 illustrates the elements 
previously described With reference to FIGS. 1, 2, and 3, but 
in addition thereto illustrates a thermostat 74 that is used to 
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control the cooling coils 30. FIG. 4 further shows a block 76 
that represents controlled leaks through doors, hatches etc., 
that are treated as exhaust generally identi?ed by the use of 
reference number 78. 

In general the operation of the system 10 includes supply 
ing an adequate amount of air ?ltration of the air that is used 
to pressurize the protected Zone 12 and monitoring for and 
maintaining the protected pressurized Zone 12 so that its 
positive pressure is Within a desired range of betWeen 
0.5*1.5 in. Wg. 

In operation, the air provided from inlet 16 is divided into 
three elements, identi?ed in FIG. 4 by three different paths 
80, 82 and 84 that respectively represent particulates, 
aerosols, and gases. The three paths are preferably ?rst inter 
cepted by the coarse-?lter 42. 

The coarse-?lter 42 has typical dimensions of 19.5 by 
29.5 inches. The coarse-?lter 42 ?lters out large particulates 
and then directs the paths 80, 82 and 84 onWard to the pre 
heater 44. 

The preheater 44 elevates the air passing thereover to a 
temperature of at least 420 F. and having a relative humidity 
of about 70%. The preheater 44 is preferably controlled by a 
thermostat 86. The preheater 44 directs the three paths 80, 82 
and 84 onWard to the ?rst ?lter 20. 

The ?rst ?lter 20 removes relatively large particles and 
then directs the paths 80, 82 and 84 onWard to the second 
?lter 22. 

The second ?lter 22 removes ?ne particulates and aero 
sols of 0.3 microns or greater With ef?ciencies of greater 
than 99.97 from its received air and delivers an output Which 
only comprises gases that are directed to the third ?lter 24. 

The third ?lter 24 removes the gas by an adsorbtion opera 
tion and passes air free, indicated by directional arroW 88, 
from the contaminants, especially those created by 
unWanted chemical, biological and radiological conditions, 
that is directed to the outlet plenum 58 Which, in turn, direct 
the air 88, free from contaminants, onWard to the cooling 
coils 30. 

The cooling coils 30, in response to the thermostat 74, 
supplies the same air 88 free from contaminants to the sup 
ply fan 28 Which, in turn, provides ?ltered air 88 free of 
contaminants into the protected Zone 12. 

The protected Zone 12 is maintained by means of the pres 
sure transducers 36 and its related alarm system 38 as Well as 
the pressure control valves 40 and is supplied With a continu 
ous ?oW air 88 free from contaminants. 

It should noW be appreciated that the practice of the 
present invention provides for an air supply system that is 
particularly suited to ?lter out contaminants created by 
chemical, biological or radiological conditions. 

It should be further appreciated that the air supply system 
utiliZes a three-stage air ?lter apparatus that contains all of 
the necessary ?ltering element, and because of its single 
structure, is conveniently mounted into bulkheads related to 
the system 10 of the present invention. 

Still further is should be appreciated that the present trans 
ducer in cooperation With the alarm circuits alloWs for the 
monitoring of the protected Zone so as to maintain its ?ltered 
air Within a desired limit, such as 0.5*1.5 inches Wg. 

While the invention has been described With reference to 
the speci?c embodiments, this description is illustrative and 
is not to be construed as limiting the scope of the invention. 

Various modi?cations Will occur to those skilled in the art 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 
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6 
What We claim is: 
1. A system for supplying an enclosed protected Zone hav 

ing air intake means With an air supply having an inlet and 
that is ?ltered to remove contaminates created by chemical, 
biological or radiological conditions, said system compris 
ing: 

a) a three-stage air ?lter apparatus having an input ?uidly 
coupled to said inlet and having an output, said three 
stage air ?lter apparatus having ?rst, second and third 
coaxially arranged annular ?lters, With the ?rst ?lter 
being disposed Within the second ?lter and the second 
?lter being disposed Within the third ?lter, and With the 
?rst ?lter being positioned closest to said input and the 
third ?lter being positioned closest to said output, said 
?rst ?lter ?ltering and removing particulates of at least 
a ?rst siZe, said second ?lter ?ltering and removing 
aerosols and particulates of a siZe Which is less than 
said ?rst siZe, and said third ?lter comprising a gas 
adsorber for removing gases; and 

b) a supply fan having an input ?uidly coupled to said 
output of said three-stage air ?lter apparatus and an 
output ?uidly coupled to said air intake means of said 
protected Zone, said supply fan supplying an air at a 
su?icient enough ?oW so as to provide said protected 
Zone With a positive pressure. 

2. The system according to claim 1 further comprising at 
least one differential transducer connected betWeen the input 
and output of the said three-stage air ?lter apparatus and 
delivering an output proportional to the difference betWeen 
the pressure sensed therebetWeen. 

3. The system according to claim 1, Wherein said positive 
pressure of said protected Zone is Within the range from 
about 0.5 in Wg to about 1.5 in Wg. 

4. The system according to claim 3 further comprising a 
transducer connected Within said protected Zone and deliver 
ing an output proportional to the pressure sensed Within said 
protected Zone. 

5. The system according to claim 4, further comprising an 
alarm device connected to receive the output of said trans 
ducer and generating an alarm signal When said output of 
said transducer is representative of a pressure of beloW about 
0.5 in. Wg. 

6. The system according to claim 3, Wherein said pro 
tected Zone has an opening With an input and an output and 
Wherein said system further comprises a pressure control 
valve (PCV) ?uidly coupled betWeen the input and output of 
said opening of said protected Zone and is dimensioned so as 
to alloW for ?uid communication betWeen said input and 
output When the positive pres sure Within said protected Zone 
is greater than about 1.5 in Wg. 

7. The system according to claim 1 further comprising a 
coarse ?lter interposed betWeen said inlet of said supply fan 
and said input of said three-stage air ?lter apparatus, said 
coarse ?lter ?ltering and removing particulates having a siZe 
Which is greater than said ?rst siZe. 

8. The system according to claim 7 further comprising a 
heater interposed betWeen said coarse ?lter and said input to 
said three-stage air ?lter apparatus, said heater being 
selected so as to elevate the air ?oWing thereacross to a 
temperature of greater than about 420 F. and having a relative 
humidity of about 70%. 

9. The system according to claim 1 further comprising 
cooling coils interposed betWeen said output of said three 
stage air ?lter apparatus and said input of said supply fan; 

10. The system according to claim 1, Wherein said ?rst 
and second and third ?lters of said three-stage air ?lter appa 
ratus are selected to remove particulates, aerosols and gas 
created by chemical, biological or radiological conditions. 
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11. A method for supplying an enclosed protected Zone 
having air intake means With an air supply having an inlet 
that is ?ltered to remove contaminates created by chemical, 
biological or radiological conditions, said method compris 
ing the steps of: 

a) providing a three-stage air ?lter apparatus having an 
input ?uidly coupled to said inlet and an outlet, said 
three-stage air ?lter apparatus having ?rst, second and 
third coaxially arranged annular ?lters, With the ?rst 
?lter being disposed Within the second ?lter and the 
second ?lter being disposed Within the third ?lter, and 
With the ?rst ?lter being positioned closest to said input 
and the third ?lter being positioned closest to said 
output, said ?rst ?lter ?ltering and removing particu 
lates of ar least a ?rst siZe, said second ?lter ?ltering 
and removing aerosols and particulates of a siZe Which 
is less than said ?rst siZe, and said third ?lter compris 
ing a gas adsorber for removing gases; and 

b) providing a supply fan having an input ?uidly coupled 
to said output of said three-stage air ?lter apparatus and 
an output ?uidly coupled to said air intake means of 
said protected Zone, said supply fan supplying a su?i 
cient ?oW of air so as to provide said protected Zone 
With a positive pressure Within the range from about 0.5 
in Wg. to about 1.5 in Wg. 

12. The method according to claim 11 further comprising 
step of arranging at least one differential transducer betWeen 
the input and output of the three- stage air ?lter apparatus and 
delivering an output proportional to the difference betWeen 
the pressure sensed therebetWeen. 

13. The method according to claim 11, further comprising 
the step of arranging a transducer Within said protected Zone 
and delivering an output proportional to the pressure sensed 
therein. 

14. The method according to claim 13, further comprising 
the step of providing an alarm device connected to receive 
the output of said transducer and generating an alarm signal 
When said output of said transducer is representative of a 
pressure of beloW about 0.5 in Wg. 

15. The method according to claim 11, Wherein said pro 
tected Zone has an opening With an input and an output and 
Wherein said method further comprises the step of: 

a) providing a pressure control valve (PCV) ?uidly 
coupled betWeen the input and output of said opening 
of said protected Zone; and 

c) dimensioning said PCV to alloW for ?uid communica 
tion betWeen said input and output When the positive 
pressure Within said protected Zone is greater than 
about 1.5 Wg. 
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16. The method according to claim 11 further comprising 

the step of: 

a) providing a coarse ?lter interposed betWeen said inlet 
of said supply fan and said input of said three-stage air 
?lter apparatus, said coarse ?lter ?ltering and removing 
particulates having a siZe Which is greater than said ?rst 
siZe. 

17. The system according to claim 16 further comprising 
the step of: 

a) providing a heater interposed betWeen said coarse ?lter 
and said input to said three-stage air ?lter apparatus; 
and: 

b) dimensioning said heater to elevate the air ?oWing 
thereaccross to a temperature of greater than about 420 
F. and having a relative humidity of about 70%. 

18. A system for supplying an enclosed protected Zone 
With air cleaned of chemical, biological, and radiological 
contaminants at a ?oW rate su?icient to maintain a positive 

pressure Within the protected Zone, comprising: 
a free-standing ?rst ?lter that ?lters and removes particu 

lates of at least a ?rst siZe from the air; 

a free-standing second ?lter that ?lters and removes aero 
sols and particulates of a siZe Which is less than the ?rst 
siZe from the air; 

a free-standing third ?lter that adsorbs gases from the air; 
and 

a bloWer pneumatically coupling the doWnstream side of 
the third ?lter With the protected Zone, 

Wherein: 
the ?rst, second and third ?lters are annular ?lters axi 

ally nested one inside the other in the recited order; 
and 

the ?rst, second, and third ?lters are radial ?oW ?lters. 
19. The system according to claim 18, further comprising: 
a ?lter housing including an axial opening for receiving 

the ?rst, second, and third ?lters, and an annular open 
ing receiving cleaned air from the doWnstream side of 
the third ?lter, and 

a plenum pneumatically coupling the annular opening and 
the bloWer. 


