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1. 
The present invention relates to apparatus for 

purging Spaces in which an explosive vapor mix 
ture may exist, and more particularly to such 
apparatus for purging spaces at temperatures as 
low as -40° F. at any atmospheric pressure. 

It has been customary to purge gasoline tanks, 
fuel cells, and other similar compartments or 
spaces of aircraft and the like, or to dilute fuel 
vapors therein with a non-combustion support 
ing gas in order to prevent explosions which 
otherwise might take place if these spaces were 
pierced by a projectile during combat or were 
Subjected to flame or spark in the event of crash 
Or Collision. 

Heretofore, various methods have been used to 
accomplish the foregoing but none have been 
found to be particularly satisfactory. One of 
the best known methods has been to introduce 
carbon dioxide gas into, the space in which an 
explosive vapor mixture might exist. 
the storage of carbon dioxide in highly com 
pressed or liquid form requires the use of heavy 
and bulky containers, knoWin as cylinders, which 
are objectionable due to their excessive weight. 
Furthermore, liquid carbon dioxide when ex- : 
panded into the atmosphere or into Spaces under 
atmospheric pressure at low temperatures such 
as encountered at high altitudes forms snow par 
ticles and is therefore not effective as a purging 
medium. 

It has also been proposed to utilize the exhaust 
gases of engines but this has led to serious object 
tions because of the unduly heavy, Space consum 
ing and complicated apparatus required to re 
move Water vapor, which otherwise would ice-up 
tanks and supply lines, and required to remove 
highly corrosive gases in the exhaust, Such as 
oxides of nitrogen, which would have a highly 
corrosive effect on the fuel Supply System and a 
toxic effect on perSons. 
The present invention aims to overcome the 

foregoing difficulties and objections. 
Accordingly, an object of the present invention 

is to provide an efficient, lightweight, compact 
system for purging spaces at low temperatures 
in which explosive vapor mixtures may exist. 
Another object is to provide apparatus Which 

is simple in construction and can be economically 
manufactured and operated. 
Another object is to provide Such apparatuS 
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which is readily adapted for manual or automatic 
Operation. 
Another object is to provide a purging syste 

Wherein purging Substances are utilized which 
can be stored in liquid state at low pressures and 
can existin vapor state at low temperatures while 
at atmospheric pressures. . 
A further object is to provide an improved 

manner of purging spaces in which explosive wa 
por mixtures may exist. 
Other and further objects of the invention will 

be obvious upon an understanding of the illus. 
trative, embodiment about to be described, or will 
be indicated in the appended claims, and various 
advantages not referred to herein Will occur to 
one skilled in the art upon employment of the 
invention in practice. 

In accordance with the invention, the forego 
ing objects are accomplished by providing a Sys 
tem generally comprising a Source of a purging 
substance which can be stored in liquid state at 
low pressure and can exist in vapor state at low 
temperatures while at atmospheric pressures, 
and means for vaporizing the Substance and con 
ducting the same from the Source to the Space 
to be purged. The Substance in liquid State may 
be vaporized in any suitable manner. For exam 
ple, this may be accomplished by the application 
of external heat at the Source to vaporize por 
tions of the substance and induce the flow there 
of to the space, or alternately or conjunctively 
by the application of external heat to liquefied 
and/or vaporized portions of the substance in the 
conducting means (introduced from the Source) 
to induce the flow thereof in vapor State to the 
space. The source may further be provided with 
venting means for preventing the building up of 
excessive pressures therein. Such venting means 
may be operatively associated with ineans for 
controlling the flow of the substance from the 
source in a manner to substantially simultane 
ously render the venting means ineffective upon 
actuation of the flow controlling means. 
By the term “low temperature purging Sub 

stance' as used herein and in the appended 
claims, is meant a substance which can be con 
fined in liquid state without exhibiting any tend 
ency to solidify at pressures less than 75 pounds 
per square inch absolute, preferably at pressures 
less than 5 pounds per square inch absolute un 
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der the conditions of Storage described hereini 
after, and which can exist in vapor state at ten 
peratures lower than -40° F. while at atmos 
pheric pressures at all altitudes. 

In the following table, examples of Such Sub 
stances are given together with pertinent physi 
cal data concerning the Same: 

Boiling Pt. Latent 
Substance Formula at 14.7 lbs./ Heat 

Sq. in. B. t. u./lb. 

oF. 
Nitrogen.--------------------. Ni-------- -319 90 
Neon------------------------. Ne-------- -398 56 
Perfluoromethane-----------. CF4------- -198 60 
Fluoroform------------------- CF3H----- -16 1. 
Monochlorotrifluoromethane CCF3- -112 61 
Perfluoroethane-------------- CF6------ -108.8 ------------ 
Perfluorodimethyl ether------ CFO---- 74 ------------ 
Monochlorodifluoromethane. CHClF2-- 10. -42 

These substances are stable, non-flammable, 
non-corrosive, non-toxic, provide an excellent 
inerting atmosphere; do not decompose into toxic 
materials when Subjected to heat, and have a 
latent heat of a value which enables conversion 
from liquid to vapor state in a rapid and conven 
ient manner. 
Of these substances, nitrogen is preferred 

because of its relatively low cost, general avail 
ability and its chemical inertness and its inability 
to decompose. 
At reduced atmospheric pressure conditions, 

such as exist at altitudes above sea level, the boil 
ing point of these substances is lowered, thereby 
enabling a substance Such as monochlorodifluoro 
methane to be vaporized and used to good advan 
tage, even when Subjected to the atmospheric 
temperatures at Such altitudes. In the following 
table, there is given the atmospheric pressure in 
pounds per square inch absolute and the extreme 
temperature at various altitudes together with 
the approximate boiling point of monochlorodi 
fluoromethane at such altitudes. 

Tempera- Boiling 
Altitude Pressure turel Point 

Feel Lbs./sq.in. oF. oF. 
2,500---------------------------- 13.4 50 -44 
5,000---------------------------- 12.2 41.2 -48 
10,000- - 0. 25.2 -52 
20,000. 6.75 -12.3 -64 
30,000. 4.35 -47. 9 -80 
40,000. 2.7 -67.0 -94 
50,000- 69 -67. 0 -107 
80,000.-------------------------- .40 -67.0 -140 

Air temperature when ground temperature is 59 F. 
This serves to illustrate that the materials 

listed herein are capable of being utilized as a 
gaseous purging medium at temperatures as low 
as -40° F., and at even lower temperatures at 
above Sea level pressures, because the boiling 
points of the materials are lower than -40° F., 
thereby enabling the materials to be conducted 
into the Space to be purged and maintained 
therein in Vapor State without danger of con 
densing. 
The materials listed herein are also capable of 

being utilized as a gaseous purging medium at 
-40 F. at below sea level atmospheric pressures, 
as illustrated in the following table: 

Altitude Roiling Pressure Point 

Feet Lb8./sq. ii. oF. 
l,000------------------------------------ 15.2 -40 

14.9 -41 500-------------------------------------- 

Monochlorodifluoromethane. 
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4. 
In the drawing: 
Figure 1 is a schematic view, partly in eleva 

tion and partly in Section, illustrating an air 
plane embodying a system in accordance with 
the present invention. 

Figure 2 is a fragmentary schematic view, 
illustrating modified apparatus for use in COn 
nection with the System shown in Figure 1. 

Referring to the drawing in detail, and more 
particularly to Figure 1, there is shown an air 
plane having a fuel tank 0 in its fuselage, which, 
by way of example, illustrates more or leSS 
schematically a space or compartment of the 
type requiring purging or inerting thereof to pre 
went explosion. Usually, as shown, Such tanks 
or spaces are equipped with fittings in the 
vapor space thereof connected to a conduit 2 
for normally venting fuel vapors to the atmos 
phere and for introducing the medium for purg 
ing the explosive mixture upon operation of the 
System about to be described. 
The purging or inerting system generally coin 

prises a source of low temperature purging Sub 
stance in liquid state as indicated at 4, and a 
conduit 5 connecting the Source to the interior 
of the tank 0, preferably at the vapor space 
thereof. 
The conduit 5 Serves as means for dispensing 

liquid substance from the source, means in which 
the liquid substance is vaporized by being in heat 
exchange relation with a warmer body, and means 
for conducting the vaporized Substance to the 
tank. For purpose of illustration, heat is Sup 
plied to the conduit to vaporize liquid substance 
therein by passing a section of the conduit 
through the engine exhaust manifold 6. 

It will be understood that this section of the 
conduit 5 may be of any desired length, may be 
in the form of a coil, or may be provided with 
fins or the like for effecting more efficient heat 
exchange. It will also be apparent, that an in 
dependently operated heat source could be asso 
ciated with the conduit or that the conduit could 
be exposed or subjected to a supply of atmos 
pheric air Serving as a Supply of heat. Such 
equivalents do not appear to Warrant illustration 
and detailed description, because they are well 
known to those Skilled in the art. 
The source of liquid purging substance prefer 

ably comprises a lightweight, thin-walled con 
tainer, such as a sphere , constructed of a suit 
able material having a low heat conductivity, for 
example, Stainless Steel of the nickel-chronium 
type, and a housing 9 containing insulating ma 
terial 20, for example of the silica, aerogel type. 
In this manner, the liquid Substance is adapted 
to be stored at a low temperature and at a low 
preSSure while protected against the inflow of 
heat. For example, storage means of this type 
are adapted to confine liquefied substances of 
the type described herein attemperatures ranging 
between about -40 and -400 F, while under a 
positive pressure of less than about one pound 
per Square inch absolute. As shown, the conduit 
5 is connected to the upper end of the sphere 
and a section 2 of the conduit is extends to 

the bottom of the interior of the sphere and 
ServeS as a SyphOn or eduction tube for the 
SOCe. 

In order to prevent the building up of pres 
sures within the sphere higher than desired, a 
conduit 22 is connected to the upper end thereof 
which has a vent valve 24 therein constructed 
and arranged for normally venting the sphere. If 
desired, the sphere may be vented to the atmos 
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sphere by a conduit 25 or may be by-passed by a. 
conduit 26 into the conduit 5 or conducted di 
rectly into the tank. Oto-utilize the vented vapors 
of the substance for intermittently providing a 
mildinerting atmosphere in the tank 0, whereby. 
the purging. Substance is used to its full advan 
tage and is not Wasted. The choice of venting to . 
the atmosphere or by-passing to the conduit 5 
may be controlled by a selector valve 27 connect 
ing the conduits 25 and 26. 
The source of liquid purging substance is fur 

ther provided with means for inducing the flow. 
of liquid therefrom by way of the tube section 2 
of the conduit. Such means, as illustrated, may 
be an electrical heating element 29 disposed with 
in the sphere 7, which creates pressure therein, 
on the order of about two pounds, by Warming up 
the substance and causing the pressure head to 
force liquid into the conduit 5. The heating ele 
ment is connected in an electrical circuit includ-, 3 
ing a battery 30 or other source of electrical en 
ergy and a switch 3 for controlling the circuit. It 
will be understood that the heating means may 
be in the form of a heat exchanger through which 
engine exhaust gases or other heat exchange. 
medium may be conducted at desired instances 
to heat the liquid and create the necessary pres 
sure to induce the flow of liquid from the source. 
Likewise, other types of pressure producing means 
could be utilized, for example, a source of fluid 
pressure medium could be introduced into the 
upper end of the Sphere to discharge liquid there 
from. Also, a suitable mechanical pump could 
be used for forcing or withdrawing liquid from 
the Sphere. 
In order to prevent the escape of purging sub 

stance by way of the vent valve 24 while the 
heating element 29 is operative, the vent valve 
is under the control of a solenoid 32, or the like, 
which is connected in the circuit to be energized 
upon closing of the switch 3 ? and is adapted to 
render the vent valve ineffective by maintaining 
it in a closed position. 

3 5 

3 
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3. 

In operation, a supply of liquid low tempera 
ture purging substance is placed in the sphere, 
or container of the Source and is Stored there 
in. Due to slight heat leakage into the Sphere, 
the pressure therein increases slightly but is re 
lieved by way of the vent valve, which, upon open 
ing, permits slight expansion in the sphere to 
produce a refrigerating effect. As mentioned pre 
viously herein, the vented substance may be con 
ducted to the atmosphere or may be conducted 
to the tank or space to be purged, thus mildly 
diluting the fuel vapors from time to time to 5 
render them less explosive. - 

In the event it is desired to purge the tank, 
the switch 3 is closed, thereby connecting the 
heating element 29 to the battery 30 and substan 
tially simultaneously effecting energization of the 
solenoid 32 to close the valve 24. As the liquid 
substance is warmed up, portions thereof are dis 
charged into the conduit 5 and are conducted 
to the section in heat exchange relation with a 
warmer body to effect vaporization thereof. The 
vaporized substance is then conducted to the tank 
and introduced therein to purge the vapor Space 
therein or greatly dilute the fuel vapors withinert 

- gas to provide a non-explosive or non-com 
bustible mixture. ', 

After the tank has been purged, the switch 3 
is opened to disconnect the heating element 29. 
and to deenergize the solenoid, whereby the valve 
24 is again conditioned for venting the sphere. 

Referring now to Figure 2, there is shown 

ski 

5) 

s 

6 
modified apparatus for use in connection with the 
system shown in Figure 1 wherein the liquid 
purging Substance is vaporized at the source when 
desired for purging the space. 
This apparatus differs essentially from the 

apparatus previously described with reference 
to Figure 1 in that the section 2 of the conduit 
5 extends only into the vapor space of the con 

tainer T, instead of into the liquid, to there 
by Serve to conduct vaporized substance from 
the container. In this embodiment, the heating 
element 29 serves to vaporize the liquid. 

Further, a flow control valve 34 is provided in 
the conduit 5 a.diacent the section 2f thereof for 
rendering the flow of vaporized Substance to the 
Space to be purged effective and ineffective at 
Will. Preferably, the valve 34 is normally closed 
and is constructed and arranged to be opened at 
such times when the liquid is vaporized by the 
heating element 29. This may be accomplished 
by operatively associating the valve with a sole 
noid in circuit and under the control of the Switch 
3. For example, a single solenoid 32' may be 
utilized to open the valve 34 and simultaneously 
close the vent. Valve 24 upon energizing the cir 
cuit to render the heating element operative. 

It will be appreciated that the vapor removed 
from the container could be conducted direct 
ly to the space to be purged or could be heated 
further by means of a heat exchanger, such as 
the exhaust manifold 6, to increase its pressure 
and further induce its flow to the space. 

Also, it will be understood that the heating ele 
ment 29 could be in the form of a heat exchanger 
through Which engine exhaust gas or other heat 
exchange medium could be conducted upon open 
ing of the valve 34 to thereby heat the liquid and 
vaporize portions thereof, the vapor being the 
conducted to the space to be purged. 
While the present invention has been illus 

trated and described in connection with a gas 
tank for an airplane, it will be understood that 
it may be advantageously employed for inerting 
Spaces of all kinds on airplanes, Speedboats, con 
bat tanks and other vehicles or craft, and station 
airy structures. 
From the foregoing description, it will be seen 

that the present, invention provides an improved 
system for inerting spaces in which an explosive 
vapor mixture may exist. The system is simple, 
practical and economical in operation, is extreme 
ly light in weight and does not occupy much space 
in relation to the large volume of inert gas dis 
pensed by it. 
As various changes may be made in the form, 

construction and arrangement of the parts here 
in, without departing from the spirit and scope 
of the invention and without sacrificing any of 
its advantages, it is to be understood that all 
matter herein is to be interpreted as illustrative 
and not in any limiting sense. . 

It is also to be understood that the following 
claims are intended to cover all the generic and 
specific features of the invention herein described, 
and all statements of the scope of the invention 
which, as a matter of language, might be said to 
fall therebetween. 

claim: 
1. In a system for purging spaces in which an 

explosive vapor mixture may exist, the combina 
tion of a source of low temperature purging sub 
stance in liquid state, conduit means connecting 
the space to said Source, and means in heat ex 
change relation with said conduit means for va 
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porizing the liquid substance during its passage 
from said source to the Space. 

2. In a system for purging fuel Supply means, 
the combination of a fluid fuel storage tank, a 
container for storing a low temperature purging 
substance in liquid state, a conduit connecting 
said tank and said container, and means in heat 
exchange relation with said conduit for Supply 
ing heat thereto to effect vaporization of the 
liquid substance in said conduit. 

3. In a system for purging spaces in which an 
explosive vapor mixture may exist, the combina 
tion of a source of low temperature purging Sub 
stance in liquid state, conduit means connecting 
the space to said source, means associated with 
said source for inducing the flow of liquid Sub 
stance from said source into said conduit means, 
and means in heat exchange relation. With Said 
conduit means for vaporizing the liquid Substance 
during its passage from said Source to the Space. 

4. In a system for purging fuel Supply means, 
the combination of a fluid fuel storage tank, an 
insulated container for storing a low tempera 
ture purging substance in liquid state, a conduit 
connecting said tank and said container, a heat 
ing element in said container for inducing the 
flow of liquid substance from said container into 
said conduit, and means in heat eXchange rela 
tion with said conduit for Supplying heat thereto 
to effect vaporization of liquid Substance in Said 
conduit. 

5. In a system for purging fuel Supply means, 
the combination of a fluid fuel storage tank, an 
insulated container having a went valve and being 
adapted for , storing a vaporizable purging Sub 
stance at a low temperature, a conduit connect 
ing said tank and said container, an electrical 
heating element in said container for inducing 
the flow of purging substance from Said container 
into said conduit, means in heat eXchange rela 
tion with said conduit for supplying heat thereto 
to effect vaporization of purging Substance in 
said conduit, a solenoid operable to effect closing 
of said vent valve, and an electrical circuit in 
cluding a switch and a source of electrical energy 
for simultaneously rendering said heating ele 
ment and said Solenoid operable. 

6. In a system for purging fuel Supply means, 
the combination of a fluid fuel storage tank, an 
insulated container for storing a low temperature 
purging substance in liquid State, a conduit Con 
necting said tank and the lower portion of Said 
container, a second conduit connecting the upper 
portion of said container to the atmosphere, a 
vent valve in said second conduit, an electrical 
heating element in Said container for inducing 
the flow of liquid substance from said container 
into said conduit, means in heat eXchange rela 
tion with said conduit for Supplying heat thereto 
to effect vaporization of liquid Substance in Said 
conduit, a Solenoid operable to effect closing of 
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8 
said vent valve, an electrical circuit including a 
switch and a source of electrical energy for si 
multaneously rendering said heating element and 
said solenoid operable, a second valve having an 
inlet and an outlet connected in Said Second Con 
duit and a by-pass... outlet, and conduit means 
connecting said by-pass outlet and Said tank, 
said second valve being operable to Selectively 
direct the flow of substance from the upper por 
tion of said container to said tank or the atmos 
phere. . 

7. In a system for purging Spaces in which an 
explosive vapor mixture may exist, the combina 
tion of a heat insulated container having a nor 
mally open vent valve and being adapted for 
storing a vaporizable purging Substance at a low 
temperature, a conduit connected to Said contain 
er for conducting the purging substance from 
said container to the space to be purged, electri 
cal heating means for said container for inducing 
the flow of purging substance from Said container 
into said conduit, a solenoid operable to effect 
closing of said vent valve, and an electrical cir 
cuit including a switch and a source of electrical 
energy connected with said heating means and 
said solenoid for simultaneously rendering Said 
heating element and said solenoid Operable. 

8. In a system for purging Spaces in which an 
explosive vapor mixture may exist, the combina 
tion of a container for storing a vaporizable purg 
ing substance at a low temperature, a conduit 
connected to said container for establishing fluid 
flow communication between said container and 
the space to be purged, means aSSociated with 
said container for inducing the flow of purging 
substance from said container into Said conduit, 
a second conduit connected to said container for 
establishing fluid flow communication between 
the upper interior Zone of said container and the 
space to be purged, and a valve in Said Second 
conduit for controlling the flow of purging Sub 
stance therethrough, said valve having a venting 
outlet and being operable for selectively control 
ling the flow of purging substance to the Space 
to be purged or to said venting Outlet. 

DANIE MAPES. 
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