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2 Claims, (Ci. 141_—4)

The present invention relates to inflating inflatable
devices, and, more particularly, to an improved method
for generating gaseous mixtures of carbon dioxide or the
like and combustion products of propeliants smtable for
inflating such devices.

Heretofore, it has been proposed to inflate landing
pads for helicopters and flotation equipment such as rafts,
boats, escape ladders and the like with a mixture of
carbon dioxide and the gases produced by propeilants
whereby the gases effected expansion of the carbon
dioxide and the expanding carbon dioxide reduced the
temperature of the gases and the mixture. However,
under certain conditions of operation, the temperature
of the mixture was not sufficiently reduced to be safely

withstood by the inflatable device or the pressure of the
mixture was insuffi

cooled to ambient temperature.

Accordingly, an object of the present invention is to
provide a method of effectively inﬂating equipment with-
out subjecting the equipmant to excessive temperatures.

A further object is to accomplish the foregoing in a
simple, practical, reliable and economical manner.

‘Other and further objects of the invention will be ob-
vious upon and understanding of the illustrative embodi-
ment about to be described, or will be indicated in the

icient to fully inflate the device when
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appended claims, and various advantages not referred to

herein will occur to one skilled in the art upon employ-
ment of the invention in practice.

In accordance with the present invention, it has been
discovered that the feregmnﬂ objects can be generaily
accomplished by mixing the hot gaseous combustion
products of propellants such as burning powders with
hiquefied carbon dioxide and a material having a high

heat of vaporization, such as ethyl alcohol for example.
The got gases heat and gasify the carbon dioxide to attain
a desired pressure and the subsequent expansion of the
carbon dioxide produces a cooling effect which reduces

the temperature of the hot gases so that the mixture is at

a temperature which the inflatable equipment can with-
stand. The temperature of the hot gases is further
reduced and the pressure of the mmture 1s further in-
creased by the alcohol or the like.

It is contemplated that a predetermined amount of heat
1s produced by the propellant for each pound of carbon
dioxide used and a predetermined amount of alcohol is
used for each 1000 B.tu of heat produced. These
amounts may be varied by summertime or hich ambient
temperature operations (e.g., 20° F. to 125° F.) and for
wintertime or low temperature operation (e.s., —20° F.
to 80° F.) by using more carbon dioxide, more propel-
lant and less alcohol in the wintertime than in the summer-
time, as will be explained hereinafter with reference to
the specific examples of the present invention. Also, these.
amounts may be adjusted to compromise for summertime
and wintertime operation to provide a charge operable
within the temperature range of —20° F. to 125° F.

A preferred embodiment of the invention has been

. chosen for purposes of illustration and description, and -

is shown in the accompanying drawing, forming a part
of the spec1ﬁcat10n, wherein: -

FIG. 1 is a schematic view of a system utilizing ap-
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paratus in accordance with the present invention for pro-
ducing a gaseous mixture for inflating an inflatable device.

FI1G. 2 is an enlarged longitudinal sectional view, partly
in elevation, of apparatus for producing the gaseous
mixture. |

Referrmg now to the drawmﬂ in detaﬂ a system is
shown in FIG. 1 which comprises an inflatable device
10, a gas generator 11 and a conduit 32 for conducting
a mixture of gases from the gas generator to the inflat-
able device.

The inflatable device 18 may be a bag of any desu*ed
shape and size used in connection with boats, rafts, rescue

~devices or helicopter landing pads.

The interior of the gas generator 11 for producmg
the mixture of gases is shown in FIG. 2. The gas gener-
ator comprises a container 15 for confining carbon di-
oxide; an outlef assembly 16 having the conduit 12 con-
nected {o ifs outlet 17; a pressure rupturable disc 18 for
normally sealing the container to prevent discharge
through the outlet; a hot gas generating chamber 192 in-
cluding a charge 28 of propellant adjacent the ontlet, an
electrically actuated squib 21 for igniting the charge, and
a passageway means 22 for conducting the hot gases from
the chamber to the interior of the container 15 for ad-
mixture with the carbon dioxide; and a safety disc assem-
bly 24 adapted to burst in the event an unsafe pressure
is created within the container. .

In operation, the squib 21 is acfuated to 1gn1te the
charge 20, and the propellant generates hot gases which
are admixed with the alcohol and the carbon dioxide to
increase the pressure within the container 15 and burst
the disc 18. ' This mixture is discharged through the oui-
let 17 and is conducted by the conduit 12 to the inflatable
device 10 or other points of mse. As this occurs, the
hot gases increase the pressure of the carbon dioxide and
vaporize the alcobol and the carbon dioxide upon expan-

~sion cools the hot gases by the Joule-Thomson effect

which takes place when it is suddenly expanded from a
high pressure to a much lower pressure, whereby the
temperature of the mixture which enters the inflatable

- device 18 not too high to harm the device and the pressurs

of the gasecous mixture is adequate to fully infiate the
device. |

Numerous fests have indicated that, at ambient fem-
peratures between —20° and 125° F., the temperature of
the gaseous mixture entering the ba'flr can be maintained
at between about —30° F. and about 160° F. by varying
the ratio of the number of B.t.u. produced for each pound
of carbon dioxide. This ratio is higher at the lower
ambient temperature than at the higher ambient tempera-
tures. For example, at —20° F. about 159 B.t.u. may be
generated by the propellant for each pound of carbon
dioxide, and at 125° F. about 145 B.t.u. may be generated
by the propellant for each pound of carbon dioxide which
is in excess of the heat theoretically required and to
thereby take into account heat losses to atmosphere and
work done in inflating the bag. | |

‘A propellant charge which has been faund suitable is
a potassium perchlorate type powder capable of produc-
ing about.-1740 B.t.u. a pound. Thus, by varying the

- weight of the charge the desired number of B.t.u. to be
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produced can be predetermined within accurate limits.

Any suitable materials which remain in liquid state
within the working temperature range and which have a
high latent heat of vaporization may be utilized. Ethyl
alcohol (synthetlc) may be preferred because it is readily
available and inexpensive, is readily mixed with the car-
bon dioxide in the-container, and can be confined in the
container together with the carbon dioxide. Also, the

presence of ethyl alcohol has no. harmful eﬁ'ect on the
camponems of the system. -



o The use of alcohel at ]:ugh ambreut temper ature opera-
tion is partleularly beneficial.
- ture operation, alcohol does not reduce. the temperature
~ of the carbon dioxide to induce. the formation of snow, -
~ but a smaller amount of alcohol can be used to control -

‘the temperature of the gaseous mixture. than at high

At low ambient tempera-

in plaee of carbon dleatde

Such cempeunds should

“have a comparable expanded Volume to weight ratio; and

8 .-temperature operation.. For example at —20° F. about -

B 0.40 pound of alcohol is used for each 1000 B.t.u. pro- |

~ duced by the charge, and at 125° F. about 0.77 pound of

- alcohol is. used for each 1000 B.tu. pruduced by the
. .eharge o

10

~AS specrﬁc examples ef the present rnveutleu a 56_'

a hot gas generator .container 11 havrug a. volume of

amounts of materral

_ _ Examplel S
_-’-Werkrng temperature range ° F _...;.._'...;,_.@.";.__;' -—20 te 80-”- .
- Carbon dioxide ool pounds__ "
 Charge 20 o vceccccceeeieeodOo L _

. Ethyl alcohol _...______._.__.-_..,.--_-.'_.'f.-_..-.._..__de_.__._--' 046
i __Bag temperature ranﬂe, __FI.:'_-'.._._;.';.-.'.'.ﬁ_-'_'___-._._,__-'.__-.i-' -4t0136
' SR Example o
Werkmg tes :uperature range, F '._.'._"j-_.;.";.'_'-__'.'.'_._.-_._ 20 te 125
Carbon dioxide _;_;_;;._-:__r.,..;;.;;‘;.r,;._peunds___.__
- Charge 20 _______.__iiiooooeeoai..doll_ L |
Ethyl alcohol _......_.r........;;'.;_..r.__'.'__.___:__._.-_-'_;..__dt;.__.__,'_.;_-' 0.66 3
_.;-.Bag temperature range, - ; F..".-....-__.'_a._-';;__.-._'__..;'.g__i__._'___ 36te 155;-1" |
Example I R .
_:..'._Werkmg temperature range P '. ;;_;.'.;;;'_._.-.—20 to 125"""
. Carbon dioxide - _____-_______ pounds__ - -7.33
' Charge 20 _.--...-____;_'__..".;__--.____._'_.-.___-de_-___
~ Ethyl alcohol "__________ SR de_‘___. |
__.Bag temperature range; ° F. SENCL 30 te 160” -.

" Other tests indicated that the mixture in aecordauee_'
with the feregemg examples are- ‘also suitable for mﬂatmg- -
. flotation equipment, partreularly such equrpment havmﬂ_"
a relatwely large bag volume. a R

' While the present invention has been deserrbed Wlth_
~ reference to carbon dioxide by way of example it will - :
- be understood that other compouuds ‘can- be substrtuted'f}.
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cubre foot bag for a heheepter pad was inflated to a pres-'; o

- sure of about three p.s.i.g. in less than four seconds by L
: i 15
o -.abeut 350 cubic. mehes aud centarmng the fellowmg--_i

728 %0

0.66 - -_.'j.”methed comprises generating a- predetermined charge of - ,

" hot gases under pressure:.in a confined zone, mixing the =
~ gases ‘with a predetermined charge. ‘of carbon dioxide
‘under pressure and a hqurd material havmg a hrgh latent = -
. heat of vaporization in the zone to increase the pressure
- of the carbon. dioxide and vaporize the material, releasing
689
057
30 ‘mixture with the gases to cool the gases, and introducing -
“the expauded mixture into the inflatable device, the quan-

“ titative relationship of the eharge of carbon dlDdeC and
. material and the charge of hot gases being such so asto -~
- produce the expanded mixture at temperatures and pres-

'-__'surea sultaele for mtroductren 111t0 the infiatable devrce e
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- should be gaseous and have a vapor pressure within the
~ operating temperature range-desired to sufficiently in-
- flate the bag. For example, such compounds are am- -
-moma ethane; prepylene and nitrous oxide.
can be employed in systems Where its dangerously toxic
‘and. eerrosrve- nature and- hrgh water selubmty can: be -
| ,telerated L | | o
From* the feregemg desc:ltutron 1t wrll be seen that' .
the present. invention provides a simple,
‘economical manner of inflating mﬂatable devices.

Ammema

praetrcal and |

Tt “will be w©nderstood that the details and examplee

“hereinbefore set forth are illustrative -only and that the
1uventreu as breadly descrrbed and cIatmed 13 in 1o Way
 limited thereby . o - : IR
. © . This apphcatren is a drvrsreu ef appheatlen Serlal' L
SR No. 149,896; filed Nevember 3, 1961 now U.S. Pateut
- No. 3,143,445. - | .

I claim: | - - |
1. The method ef mﬂatmﬂ au mﬂatable devree Whrch

- the mixture of ‘gases and carbon dm)ude from the zone,
- expanding the released pressurized carbon dioxide in ad-

2. The methed arcerdmﬂ 1o etarm 1, wherein a saf" .

- c1ent amount of hot gases are generated to produce be-
 tween about 145 and about 159 B.t.u. for each pound of . .

. carbon dioxide and between about 0. 40 and about 0.77
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pound of ethyl ‘alcohol- are admixed with the gas and

_ the carbon dioxide in the zene for eaeh 1000 B tu. pre-.
: _'-_--_duced by the hot gas R T | |
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