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(57] ABSTRACT 
A composite construction is provided comprising a 
load~bearing substrate, an impermeable liner, and dis 
posed therebetween a circulatory system de?ned by a 
network of cells having side walls which are generally 
in lateral orientation to the liner and the load-bearing 
substrate, at least some of said side walls having aper~ 
tures therein whereby at least some adjacent cells are 
in communication with each other. This construction 
has the capability of being formed with a variety of 
flow paths through the circulatory system whereby 
provision may be made for leak detection, inert gas 
circulation, heat exchange and the like. 

8 Claims, 8 Drawing Figures 
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A COMPOSITE CELLULAR CONSTRUCTION 

This invention relates to a novel construction or as 
sembly for containing liquid or gaseous components 
and having an integral circulatory system which may be 
conveniently employed for detecting leaks or purging 
and the like. 
Various types of construction are known for contain 

ing liquids and gases. Oftentimes these constructions 
will include a liner covering the surface of a load 
bearing member or wall wherein the liner is impermea 
ble to the liquid or gaseous material in contact there 
with. Some typical examples of such constructions are 
ceramic-lined reactors, resin or plastic-lined storage 
vessels, internally insulated cryogenic vessels, and the 
like. In these situations, the liner may be used to pre 
vent contact between the liquids or gases and the load 
bearing member due to their corrosive nature. due} to 
their physical state as with cryogenic liquids, or due to 
other characteristics which would lead to failure of the 
load-bearing member. Other instances wherein such 
liners may be used include situations wherein the load 
bearing member is not impermeable or where safety 
considerations must be met. These enumerated situa 
tions are merely exemplary and many others will un 
doubtedly occur to those working in the art. 

In any event, when impermeable liners are employed 
it is desirable to be able to detect leaks which may de 
velop in the liners prior to the time that adverse effects 
result from such leaks or at least sufficiently early that 
any adverse effects are minimized. It may, alternatively 
or additionally, be desirable for safety reasons to be 
able to purge the region immediately adjacent the liner 
opposite the side in contact with the contained liquids 
or gases. 

Accordingly, this invention provides a novel con 
struction or assembly for containing liquid or gaseous 
components and having an integral circulatory system 
which may be conveniently employed for detecting 
leaks in the liner, or for purging, or for any purpose 
wherein it is desirable to circulate a ?uid between the 
liner and the load-bearing member. Brie?y described, 
the construction or assembly comprises a load-bearing 
substrate. an impermeable outer liner, and disposed 
therebetween a circulatory system defined by a net 
work of cells having side walls which are generally in 
a lateral orientation to the liner and the load-bearing 
substrate, at least some of said side walls having aper 
tures therein whereby at least some of said cells are in 
communication with each other and define a continu 
ous circulatory system. 
The invention may be more fully understood by ref 

erence to the drawings wherein several embodiments 
are illustrated as follows: 

FIG. I is a partial cross-sectional elevation view of an 
embodiment of a basic construction of the invention, 
which construction in its entirety will form a container. 
FIG. 2 is a partial cross-sectional elevation view of a 

modi?cation to the basic construction illustrated in 
FIG. I. 
FIG. 3 is a partial cross-sectional view of the embodi 

ment illustrated in FIG. 2 taken along line A-A showing 
the ?uid ?ow paths between the cells. 
FIG. 4 is a partial cross-sectional elevation view of a 

further modification to the basic construction illus 
trated in FIG. 1. 
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2 
FIG. 5 is a partial cross-sectional view of the embodi 

ment illustrated in FIG. 4 taken along line B—B show 
ing the ?uid ?ow paths between the cells. 
FIG. 6 is a partial cross-sectional elevation view of a 

further embodiment of the invention. 
FIG. 7 illustrates schematically the manner in which 

a ?uid may be circulated through a typical construction 
in accordance with the invention. 
FIG. 8 illustrates a cylindrical vessel embodying the 

features depicted in FIG. 7. 
Referring ?rst to FIG. I, there is shown a construc 

tion comprising a load-bearing substrate 1, a cellular 
network 2 and an impermeable liner 3. This construc 
tion, in its entirety, may form a container for liquids or 
gases of any type such as a storage vessel, reactor. and 
the like, wherein the load-bearing substrate 1 repre 
sents the outer wall of the vessel or reactor. 
The load-bearing substrate may be formed by any 

material having suitable strength and other properties 
for the particular use, for example, metals or metal al 
loys, glass ?ber/resin laminates, wood and plastics may 
be used. It is also pointed out that the substrate may be 
formed by a single structural element or a plurality of 
structural elements which when combined provide the 
required characteristics. 
The impermeable liner 3 serves primarily to prevent 

the liquids or gases being contained from directly con 
tacting the load-bearing substrate. Thus, the liner need 
not necessarily possess the same strength characteris 
tics as the load-bearing substrate. The liner does, how 
ever, need to be impermeable to the liquids or gases 
being contained. A variety of suitable materials are 
known for this purpose depending on the particular sit 
uation. Illustrative of such materials are glass and other 
ceramics; various plastics e.g. polyurethane, polysty 
rene, polyethylene, PVC, epoxy, resins, polyesters, and 
the like; metals e.g. stainless steel, aluminum, etc; and 
the like. 
The cellular network 2 which defines a circulatory 

system between the liner and the load-bearing substrate 
is formed by a plurality of cells 4 having side walls 5 
provided with apertures 6. As illustrated, each cell is in 
communication with the adjacent cells due to the pres 
ence of the apertures so that a fluid may be circulated 
therethrough. However, it should be understood that 
any pattern of cell communication may be provided as 
desired to provide a continuous circulatory system. 
The particular con?guration of the cells is not a sig 

ni?cant feature as long as the side walls are generally 
oriented laterally between the liner and the load 
bearing substrate. For example, the cellular network 
may comprise a honeycomb of hexagonally-shaped 
cells such as depicted in FIGS. 3 and 5 to be discussed 
hereinafter. On the other hand, superposed corrugated 
sheets joined in such a manner as to form a cellular net 
work are suitable. Other con?gurations will be appar 
ent to those skilled in the art. 
The cells may be formed of a variety of materials 

which would have suitable properties such as paper, 
metal, plastic. and the like. 
The apertures in the side walls of the cells will nor 

mally be provided at the time the cellular network is 
formed. Their frequency and location may be varied as 
desired to provide any type of ?ow path through the 
network. This ability to provide any type of ?ow path 
is a particularly signi?cant feature of this invention. 
Obviously more than one aperture per side wall may be 
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employed. Of course, if the cellular network is to pro 
vide some structural Support it will be necessary to take 
this function into consideration in designing the ?ow 
path as will be understood in the art. 
Various techniques are known in the art for forming 

cellular networks of the type used in this invention and 
need not be further elaborated. Suffice it to say that the 
necessary apertures in the side walls may be punched, 
molded. or otherwise formed during performance of 
any of these techniques of construction or assembly. 
To illustrate two of many possible ?ow paths through 

a cellular network reference is made to FIGS. 2-5 
wherein the network is illustrated as a honeycomb of 
hexagonally-shaped cells. In FIG. 2 each cell 14 is 
shown with an aperture 16 through each side wall 15. 
This design provides flow paths between an individual 
cell and each of the six adjacent cells as shown by the 
small double arrows. Contrasted with this omnidirec 
tional ?ow path the apertures may be positioned in 
such a manner as to provide more control over the flow 
path. An example ofa controlled ?ow path is illustrated 
in FIGS. 4 and 5 wherein apertures 26 are provided 
only in those side walls 25 of cells 24 which are aligned 
along the same axis. As a result, a series of parallel ?ow 
paths aligned with the same axes are provided. These 
?ow paths may be interconnected with each other by 
simply providing apertures in a suitable side wall so that 
an overall curvilinear ?ow path throughout the entire 
structure formed by the construction of this invention, 
e.g. a vessel or reactor. 

Referring next to FIG. 7, means are illustrated for cir 
culating a ?uid through a circulatory system formed by 
a cellular network such as that described above. The 
construction shown in FIG. 7 may be more easily un 
derstood if one considers such construction as de?ning 
a cylindrical vessel C such as illustrated in FIG. 8. Com 
mon features illustrated in the two drawings include the 
load-bearing substrate 61 which forms the other sur 
face of vessel C, the impermeable liner 63 which forms 
the inner surface of vessel C, and the manifold 67 hav 
ing inlet 68 and outlet 69 all of which will be described 
further hereinafter. It is to be understood that, in use, 
vessel C will be provided with a suitable base and top 
secured thereto, preferably of similar construction as 
the side. 

In FIG. 7, the construction is shown comprising load 
bearing substrate 61 and impermeable liner 63 with 
cellular network 62 disposed therebetween. These ele 
ments and their assembly are the same as the corre 
sponding elements shown in FIG. I and described here 
inbefore. Thus, the cellular network 62 de?nes a circu 
latory system formed by cells 64 having side walls 65 
provided with apertures 66. The flow path provided by 
the design illustrated is like that shown in FIG. 3 
wherein each cell is in communication with all adjacent 
cells. In addition, the cellular network is provided with 
an optional insulation layer 71 which ?lls a portion of 
each cell 64 and lies adjacent the load-bearing sub 
strate 61. This insulation layer may be foamed plastic 
such as polyurethane foam, ?berglass, or other conven 
tional insulations and may itself be porous or imperme 
able as known in the art. Foamed plastic may be 
foamed in situ during assembly. It is preferred that 
loose insulation materials be sprayed with an adhesive 
or other suitable material such as a tackifier to cause 
at least the materials at the surface to adhere to each 
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4 
other in order that no interference with the circulatory 
system is incurred. 
Disposed between the opposite ends and in sealing 

engagement with the assembly comprised of the load 
bearing substrate 61 and cellular network 62 is mani 
fold 67 having ?uid inlet 68 and ?uid outlet 69. Mani 
fold 67 preferably does not extend entirely through the 
construction of this invention but only to the extent of 
the circulatory system of the cellular network. Thus, as 
shown, the impermeable liner 63 and the load-bearing 
substrate overlie the manifold. Fluid inlet 68 is in com 
munication with the cellular network on one side of the 
manifold whereas ?uid outlet 69 is in communication 
with the cellular network on the other side. By intro 
ducing a fluid through inlet 68 to the circulatory system 
it will flow through the cells of the cellular network and 
eventually reach the outlet 69 and be withdrawn from 
the system. Connecting inlet 68 and outlet 69 to a suit 
able circulation pump the ?uid may be continuously 
circulated through the circulatory system of the con 
struction of the invention. 
The invention contemplates the circulation of vari 

ous ?uids for various purposes through the circulatory 
system. The term ?uids is intended to encompass both 
liquids and gases. For example, air may be circulated 
as a sweep gas to remove any materials that may gradu 
ally seep through the liner. On the other hand, safety 
considerations may require the use of an inert ?uid for 
this purpose. The fluid being circulated may be used for 
heating or cooling by passing it through an external 
heat exchanger. In these situations the fluid would nor 
mally be a liquid. A particular use, and one considered 
of primary importance for the construction of this in 
vention, is that of passing a ?uid through the circula 
tory system to detect leaks that may develop in the 
liner. Normally a gas will be used for this purpose. The 
gas will be of different composition than the materials 
being contained on the other side of the liner. Thus, if 
a leak in the liner should develop the circulating gas be 
comes contaminated and by passing the contaminated 
gas or a portion thereof through a standard analyzer for 
detecting changes in composition, e.g. gas-liquid chro 
matograph, such leak may be quickly detected. 
The construction of the invention may take the form 

of various embodiments all of which include the basic 
structure described with respect to FIG. 1. For exam 
ple, as depicted in FIG. 2, an insulation layer 17 may 
be provided to partially fill the cellular network in the 
regions adjacent the load-bearing substrate 11. It 
should be noted that this embodiment is the same as 
that described in reference to FIG. 7. Fabrication of an 
embodiment of this type may be accomplished by se 
curing a preformed cellular network to the load 
bearing substrate in the shape of a container, filling the 
cells of the cellular network with insulation to a suit 
able depth not interfering with the circulatory system, 
and subsequently applying and securing the impermea 
ble liner. ‘ ‘ 

Another embodiment is depicted in FIG. 4 which is 
similar to that described above except that an addi 
tional barrier member 28 to prevent passage of ?uids 
may be interposed between the impermeable liner 23 
and the cellular network comprised of ‘cells 24. Such 
barrier member may be metallic sheet or foil or an im 
permeable plastic layer. The load-bearing substrate 21 
and insulation 27 are the same as those hereinbefore 
described. 
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FIG. 6 depicts a further embodiment of the construc» 
tion of the invention which is contemplated for speci?c 
use in the form of a storage vessel for a cryogenic liquid 
such as liquid natural gas. As with previous embodi 
ments there is a load-bearing substrate 31 which may 
form the outer wall of the storage vessel. in juxtaposi 
tion thereto is a cellular network 32 comprising cells 34 
with side walls 35 having apertures 36 thereby de?ning 
a circulatory system. Overlying the upper portion of the 
cellular network, as it appears in the drawing, is an im 
permeable liner 33. The liner in this case is formed by 
an impermeable polyurethane foam or like material 
and is in contact with the cryogenic liquid thus forming 
the primary barrier. The upper edges of the cell walls 
of the cellular network are embedded in the liner to en 
sure their intimate attachment. 
Disposed within the cells 34 of the cellular network 

in the region adjacent the load-bearing substrate is an 
insulation 37. Such insulation is of an impermeable 
type thereby forming a secondary barrier to protect the 
loadbearing substrate and may be the same as that 
forming the liner 33. This insulation only partially ?lls 
the cells 34 so as not to interfere with the circulatory 
system. 
Optionally, there may also be disposed in the region 

of the cells 34 forming the circulatory system a porous 
insulation 38 such as glass ?bers or loose perlite gran 
ules or similar material which will not render the circu 
latory system inoperative yet still provide an additional 
insulating function. 
Quite obviously many other variations on the basic 

construction of the invention are readily apparent and 
need no speci?c description. For example, in the em 
bodiment of FIG. 6, rather than insulation being used 
for the liner 33 and the insulation 37 ceramic coatings 
might be employed, thus forming a container which 
would be well suited for conducting a variety of reac 
tions. 

It is also pointed out that the plastic layers may con 
tain reinforcement such as reinforcing ?bers, a scrim, 
a woven fabric, or the like, if the strength requirements 
are such that this is necessary. 
The method of application and securing of the vari 

20 

25 

35 

40 

45 

55 

60 

65 

6 
ous elements to each other will be dictated primarily by 
consideration of the type of materials being employed 
as is known in the art. 
Thus having described the invention in detail, it will 

be understood by those skilled in the art that certain 
variations and modi?cations may be made without de 
parting from the spirit and scope of the invention as de 
?ned herein and in the appended claims. 
We claim: 
1. A composite unitary construction comprising a 

load-bearing substrate, an outer impermeable liner of 
polyurethane foam, and disposed therebetween a circu 
latory system de?ned by a network of cells having side 
walls which are generally in lateral orientation to the 
liner and the load-bearing substrate, said circulatory 
system beinglsecured to said substrate and said liner, 
said cells being partially ?lled with an impermeable 
polyurethane foam insulation, and at least some of said 
side walls having apertures therein whereby at least 
some adjacent cells are in communication with each 
other. 

2. A composite construction according to claim 1 
wherein the cells are of a honeycomb type. 

3. A composite construction according to claim 2 
wherein only certain side walls have apertures so as to 
define a continuous circuitous flow path through the 
circulatory system. 

4. A composite construction according to claim 1 
wherein a porous insulation is disposed in the cells be 
tween the impermeable insulation layer and the imper 
meable liner. 

5. A composite construction according to claim I 
wherein the polyurethane foam of the impermeable 
liner is reinforced with ?bers or scrim. 

6. A composite construction according to claim 1 
wherein the cells are metal, plastic, or paper. 

7. A composite construction according to claim 1 
wherein the cells are metal. 

8. A composite construction according to claim 1 
wherein a barrier member is interposed between and 
secured to the impermeable liner and the circulatory 
system to further prevent passage of fluids. 

* * * * Ill 
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