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ABSTRACT OF THE DISCLOSURE

Generally there is provided an exterior tank shell, typically of aluminum
composition, having as an interior shell a layer of a stiff and strong
material, such as aluminum oxide or a fiber/resin composite, applied to the
inside surface of the shell. A thermally conductive mesh filler insert is

fitted within the tank and secured to the inner shell layer with adhesive.
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EXPLOSION RESISTANT FUEL CONTAINER

APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to fuel tanks used for flammable
or explosive fluids such as gasoline, diesel fuel, and LP-Gas; and more

particularly this invention relates to tanks employing thermal distribution

to suppress explosion. This invention further relates to improvements in

such apparatus for use with lightweight transportable tanks, and more

precisely with aluminum tanks, which tend to lose structural integrity under

high heat.

Description of the 'Pri'or_ Art

In a LP-Gas-fuel tank application‘ therc 1S generally provided a metallic

“tank wall designed to Co'n‘tain thé""fueil under pressure. This tank is

typically of steel composition for stationary '"app]icatic)ns and further

includes associated valves and connections at one end for access to the

contents thereof. When the tank is in a heated environment; such as in a
fire, the liquid proximate the hot spot will boil and eventual’ly.ignite, with

a resulting explosion. Prior attempts to neutralize the explosion tendencies
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of the tank have included providing an expanded aluminum foil mesh as
a filler mass insert within the tank. Such a system is described in
Canadian Patent No. 736,802. The container is filled with a mesh which
divides the container into many small cell-like compartments, and through
thermal contact with the mesh the fuel transfers the heat away from the
"hot spot” to delay the local rise in temperature -- and delay the explosion.

Improvements in tank design have recently been directed to preventing
nesting of the mesh insert by reversing altemate layers in a roll. Nesting
occurs where the mesh pattern of adjacent layers. settle against each other
in a mating relation. A recent anti-nesting system is described in U.S.
Patent No. '4,149,649. Even with the. anti-nesting technique of the prior
art, the lightweight foil of the mesh tended to collapse and compress and.
its effectiveness diminished during use; this is particularly true for
transportable containers, and vehicular fuel tanks. Recently a new
technique described in U.S. Patent No. 4,673,098, issued'to Fenton et.al,,

dramaticaily improved the thermal conductivi‘ty and reduced the

compression effect., This method used a thermally conductive adhesive to
secure the filler mass within the tank. This kept th¢ filler structure intact
and yet facilitated the thermal transfer to t'he 'liquid from the adjoining
tank surface.

In the vehicle tank industry and in the design of transportable tanks,

weight is of high importance and tanks of aluminum composition have been
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utilized. Unfortunately, the aluminum tank wall tends to melt at such a
low temperature that its structural integrity is quickly lost in a fire.

Attempts to insulate or coat the outer surface of such tanks have not
proved satisfactory inasmuch as the coating does not remain sufficiently

intact to produce reliable results.
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SUMMARY OF THE INVENTION

It is accordingly a principal object of the present invention to provide
an explosion suppression tank apparatus with a filler mass insert which is
5 functional with transportable containers and vehicle tanks.
It is a further object of the igvention to provide such a tank apparatus
with a filler mass for a fuel tank ‘;wvhich prevents nesting, provides increased

thermal transfer through better interstitial flow, but yet is economical to

manufacture.

10 Ii is finally an object of the present invention to provide a lightweight
internal shell layer which in one aspect exhibits thermal transfer to delay
explosion in a fire but also temporarily contains the fuel during limited
fai.lure of the outer shell.

Generally there is proyided an outer tank shell, typically of aluminum

15 composition, having an inner shell 'composed of a layer of stfong, stiff and
thermally conductivé material adhered to the inside surface of 'the outer
shell. This inner shell layet may be an aluminum oxide layer or of a
hydrocarbon compatible fiber and resin composit.e. In one embodiment a
layer of thermally conductive adhesive is applied on the inner surface of

20 the inner shell and a mesh insert is fitted within and secured to the inner
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shell with the adhesive. In another embodiment the resin of the fiber/resin
composite acts to adhere the inner shell layer to the outer tank wall and

to secure the mesh insert to the inner shell layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partially cut-away perspective view of the tank apparatus
in accordance with the present invention employing a filler insert secured

therein.

Figure 2 is a cross sectional view of the layers of Figure 1 proximate
the tank wall.

Figure 3 is a perspective view of a sheet of expanded foil used in
forming the filler insert of the tank apparatus, showing an array of
openings of various sizes.

Figure 4 is a perspective view of a sheet of a hydrocarbon compatible
composite,

Figure 5 is a perspective view of a section of the sheet of Figure 4 cut
and formed to fit within the tank. ,

Figure 6 is a cut-away perspective of the tank employing an inner shell '
layer formed with a fiber and resin composite. .

Figure 7 is a cross-sectional view of the wall portion of the tank of
Figure 6.

While the invention will be described in connection with a preferred

embodiment, it will be understood that we do not intend to limit the
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invention to that embodiment. On the contrary, we intend to cover all

alternatives, modifications, and eﬁuivalents as may be included within the.

spirit and scope of the invention as defined by the appended claims.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Turning first to Figure 1 there is shown a tank constructed in

accordance with the present invention having a thermal mass 12 of

expanded foil mesh positioned within the tank. The actual construction of

the mesh insert is well known in the art and involves the placement of a

plurality of slits in a sheet of ' thermally conductive foil, such as an

~aluminum foil, and then puiling of the sheet to expand the openings. In

the manufacture of the sheet,' an array of slits of predetermined dimension
establish the size and shape of the openings produced whén the sheet is
pulled and expanded.

In one embodiment of the tank construction of the present invention,
the structural outer shell (formirig the primary .contéiner wall) 1S
manufactured in acéo:dance with commonly khOwn;ftank manufacturing
techniques and the interior . surface 14 of the tank outer .shell 16 is
provided with a thin, yet stiff, inner shell 18 (forming a secondary container
wall). "This inner shell is (in one embodiment) a coating of a type which
is easily applied and when in service is resistant to 'deteribration by
hydrocarbons. Preferably this m‘aterial' is of high thermal conductivity, and
is applied i.n a spray, similar to a paint application. An aluminum oxide
spray accomplishes these purposes and produces an effective layer having

a finished thickness in the range of 1/16th of an inch or less (greater
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thickness is acceptable where weight is less critical). The dried coating
presents a stiff thermally conductive layer which forms an inner shell and
is adhered to the outer aluminum shell. ‘The physical characteristics of this
layer are such that it begins to lose its structural integrity at a temperature
which is higher than the temperature at which the outer aluminum shell
begins to lose its structural integrity (melting temperature)ﬁ |

Overlying the inner surface of the interior sheli there is provided a
layer of adhesive 20. The formed filler insert 12 | hauing interstitial
openings throughout is secured within theinner shell by adhesive. This
adhesive is chosen for qualities of both thermal transfer and hydrocarbon
resrstance and satisfactory results have been obtained wrth an adhesrve
known as EC 776 manufactured by the 3M Corporatron

As best seen ’m Figure 2 the filler 12 is secured along its outer surface
to the inner shell coating 2(') to forman intern'al reinforcement to the thin
inner shell. The unique fUnCtion of this : apparatus in a 'high heat

envrronment is determrned by this combmatlon of shells of drffermg meltlng -

' temperatures As the temperature around the tank nses the tank absorbs |

the heat in its outer shell in thefrrst mstance. As the temperature of a
localized portion of the lightweight aluminum outer shell rises, the inner
sheli proximate to that hot spot heats up but also transfers heat laterally
throughout the inner shell layer as well as vertically to the interior of the

tank through the filler insert. To the extent that heat is transferred
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through the inner and outer shells, the adhesive and the mesh insert carry
the heat to the remainder of the tank. As temperatures continue to
elevate and where the outer shell approaches its critical melting
temperature, the inner shell continues to remain intact due to its higher
melting temperature. This fragile inner shell, using the adhered mesh
insert as structural support, functions to temporarily resist the high internal
pressures encountere'd during the failure of the outer shell.

Production of the filler mesh insert of the present invention is
accomplished (according to methods well known in the art) by forming it
from a flat sheet (not shown) which is provided with spaced precisely
dimensionea slits. The periphery of the sheet is then pulled to expand the
openings to produce the expanded sh'eet of Figure 3. Rolling or stacking
of the expanded sheet forms the filler insert for the tank. In order to
prevent nesting of the neighboring layers of the expanded sheet, a sheet 50
is formed with an array of forined openings of differing dimensions (a
pattern of small 52 and large 54 openings). Thls sheet, or multiple sheets,
may then be rolled or stacked together, such that adjacent: openings do not
match-up; the tra'nsvefse edges surrounding the openings interfere with one
another to prevent nesting. Another version of the above consists of
interleaved layers of sheets with' each sheet having uniform openings but
adjacent sheets having openings of differing size. A first layer includes a

sheet presenting openings of one size and an adjacent layer sheet
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presenting openings of a second size. With the above anti-nesting
techniques, larger openings are formable within the tank mesh to increase
fuel capacity while maintaining effective thermal function and structural
support.

In a secqnd embodiment of the invention shown in Figures 4-7, the
inner shell is formed from a hydrocarbon compatible fiber and resin

composite. Such a composite may consist of fiberglass and epoxy resin.

‘This is formed according to methods well known in the fiber/resin industry

into a cylindrical shape the size of the inside of the outer shell.

In on'e method of forming the fiber/resi.n' composite shell, aportion of
a curéd sheet of 60 fiber cloth impregnated with resin is severed into a .
section 62 of desired dimension and bent to form a cylinder 70 for
insertion info the outer shell 72. An adhesive 80is applied to the inside
of the ohter shell and the fiber and resin 4cbmpo-siteis adhe_red therein to

form an inner shell layer. As before, the inside surface of this inner shell

~ layer is coated with adhesive 82 and the mesh insert 84, formed to fit the

tahk as described above, is secured therein.

In another of said méthods, a rbll of uhcured resin impregnated fiber
cloth is severed in suitable lengths and formed tb the"inside diameter of
the tank. The cylinder is cured in this configuration and adhered to the
inside of the tank as described above. The mesh insert is also adhered to

the adhesive coated inner shell layer in the same manner.
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In another technique, the uncured fiber cloth/resin composite is fitted
within the tank and the resin on the surface of the composite used as the
adhesive to secure the inner shell layer to the outer shell. Likewise, the
inner resinous surface of the composite will serve as the adhesive to adhere
the mesh insert within the tank. The composite and the adhesive/resin
surfaces are then cured by the addition of heat to the tank assembly.

Another method known in the art employs a mix of resin and chopped

fibers which are sprayed onto the inner surface of the outer shell. In such

a technique, the outer shell is coated on its inner surface by a layer of the
fiber/resin composite. The filler mesh is then inserted asdescribed above.
Application of heat cures fthe resin and adheres the filler mesh and the

inner shell within the outer shell.

In yet a further aspect of the invention the interfacing layer 20

functions as an expendable ablative in the event of high heat. Such a layer
exudes a gas or vapor at high heat conditions to dis‘place any fuel which
may be proximate : the layer. This enhances the ‘explosion protection 'by
preventing contact ‘~of' the fuel with the hot shell layers. In practice the
EC776 adhesive which secutes th.e mesh insért tQ thé innér layer, functions
as such an expendable ablative.

From the foregoing description it will be apparent that modifications
can be made to the apparatus and method for using same without

departing from the teaching of the present invention. Accordingly the
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accompanying claims.
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CLAIMS

An explosion resistant container for inflammable fluids comprising:

an outer shell forming a primary wall of the container;

an inner shell affixed within said outer shell to provide a secondary

wall of the container; |

wherein the temperature at which said inner shell begins to lose its

structural integrity is higher than the corresponding temperature '

of said outer shell; and

a filler insert formed to substantially conform to the shape of the

container and adhered to said inner shell.

The explosion resistant container of Claim 1 wherein said inner shell

is comprised of a layer of aluminum oxide.

The explosion resistant container of Claim 1 wherein said filler insert

is comprised of multiple layers of thermally conductive sh'eet having

formed openings of differing dimensions in each layer t_hereof,' wherein
adjacent layers of said sheet are arranged such that said formed

openings of differing dimension are juxtaposed.
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The explosion resistant container of Claim 3 wherein said multiple
layers of thermally conductive sheet are formed from a rolled sheet of
expanded metallic foil having said formed openings of differing
dimensions, wherein said openings of differing dimensions are juxtapose

when said sheet is rolled to form said filler insert.

The explosion resistant container of Claim 1 wherein said inner shell

is comprised of a hydrocarbon compatible fiber and resin composite.

The explosion resistant container of Claim 5 wherein said filler ihsert
is comprised of multiple layers of.' fhermally conductive sheet having
formed openings of differing dimensions in each layer thereof, wherein |
adjacent 1ay.ers of said sheet are arranged such thét said formed

openings of differing dimension are juxtaposed.

The explosion resistant container of Claim 6 wherein said multiple
layers of th.érma'lly conduc:tivé sheet are foriﬁed from a roll.ed sheet of
expanded métallic foil having said formed openings Cf differing
dimensions, wherein said .openings of differing dimension are juxtapose

when said sheet is rolled to form said filler insert.
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8. The explosion resistant container of Claim 1 further comprising an
expendable ablative interposed between said filler insert and said inner

shell.
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