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The storage assembly comprises a plurality of longitu 
dinally extending containers that are rigidly fixed and 
independent with respect to each other and are sealed 
at each end thereof. An expansion vessel is intercon 
nected commonly with all of the containers to receive 
expansion media from each of the containers. Means 
are connected commonly to all of the containers for 
discharging and filling each of the individual contain 
ers whereby the assembly is capable of handling a 
large capacity of liquified gases, liquids and the like. 

ABSTRACT 

37 Claims, 29 Drawing Figures 
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DEVICE FOR THE STORAGE AND TRANSPORT 
OF LIQUIFIED GASES, LIQUIDS AND THE LIKE, 

IN PARTICULAR ON SHIPS 

BACKGROUND OF THE INVENTION 

The invention relates to an assembly for the storage 
and transport of pressureless or pressurized liquified 
gases, liquids and the like. In particular, the assembly 
of this invention may be used on ships such as tankers 
and the like. 
Liquid gases are stored in pressure tanks and in pres 

sureless, so-called atmospheric, tanks. Pressurized 
tanks may be divided into pressure tanks at ambient 
temperatures and pressure tanks at temperatures below 
ambient temperature. The latter are referred to as 
semi-refrigerated tanks. 
Tanks used at low temperatures are subjected to 

shrinkage forces up on the refrigeration thereof. Gen 
erally, the tanks disposed in a ship are subjected to a 
continuously varying temperature. Under these condi 
tions, the shrinkage and expansion forces set up within 
the storage unit structure must be dealt with. Such 
forces are particularly important to counter in the case 
of large tanks such as are used in the prior art. These 
prior art tanks require complicated structures which 
are able to take up or compensate for the longitudinal 
and transverse variations occurring during normal stor 
age and transportation of liquified gases, liquids and 
the like. 
For economical reasons, progressively larger ship 

ping units are being constructed in accordance with the 
prior art designs. Consequently, the pressure contain 
ers used in larger shipping units are much larger. Nu 
merous difficulties are being experienced when using 
these larger shipping units. It is desirable to achieve full 
utilization of the ship’s capacity. This requires the step 
of adapting the shape of the pressure containers to the 
ship’s hull. These shapes are so complicated that it is 
hardly possible to satisfactorily cope with either the 
manufacture of the pressure containers or the stress ra 
tios in the complicated shape of the container walls. 
Furthermore, there are difficulties associated with 

the operation of the large pressure containers. For ex 
ample, the achievement of gas free conditions which is 
required on changing the load is extremely difficult due 
to the large cross sections and the non-determinable 
flow behavior of the medium within the large con 
tainer. Consequently, the purging of the large pressure 
containers takes a considerable amount of time to in 
sure the safety of the operation. 

If the large prior art pressure containers are only half 
?lled with the medium being stored, there is an ex 
tremely large free surface against which the medium 
may collide during movement while the ship is at sea. 
To overcome this problem in these prior art tanks, it is 
necessary to provide correspondingly massive installed 
components within the tank so as to avoid impact be 
tween the movement of the liquid and the free surface 
and effectuate the shifting of the distribution of weight. 
It can be seen that the disadvantages associated with 
the construction of larger prior art pressure containers 
also involve additional cost outlay with the requirement 
for relative large operative and machine outlay. 
While the capacities of the prior art pressure contain 

ers progressively increase, the operational pressure re 
mains the same. Therefore greater wall thicknesses and 
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2 
reinforcements must be used thereby increasing the 
weight of the storage units excessively. lt has been 
found that in order to retain wall thicknesses and 
weights which are still acceptable, the operational pres 
sure of these containers must no longer be allowed to 
exceed predetermined values. in this instance, so 
called semi-refrigerated transport processes are em 
ployed. Semi-refrigerated processes, however, greatly 
extend the mooring times of the ship. For example. 
when gas is being taken on board ship, operational con 
ditions are involved which deviate from the corre 
sponding maximum operating conditions of the trans 
port tank. 

Prior art containers being made progressively larger 
also possess a relatively low degree of resilience or elas 
ticity. Consequently, transfer of the dynamic and static 
forces to the ship’s hull involves considerable difficulty 
because the ship’s hull is resiliently deformed due to 
the forces acting from the exterior. lt has become nec 
essary to develop various support systems or obtain as 
sistance from a relatively large number of straps in an 
attempt to solve the problems associated with such 
larger storage containers. 

In addition to the difficulties associated with the op 
erating of these prior art containers, there are addi 
tional dif?culties associated with the manufacture and 
subsequent transportation of such tanks. Uniform ma 
chining can no longer be achieved with such large con 
tainers. There are extremely strict requirements pre 
scribed by the classi?cation of materials and welding 
seams. Additionally, the transportation of such con 
tainers over relatively large distances involves consid 
erable difficulty. It has been found that only a very few 
shipyards are able to build such large containers simul 
taneously with the building of the ship. 

PURPOSE OF THE INVENTION 

The primary object of this invention is to provide a 
storage and transport assembly used for liquified gas, 
liquids and the like whereby large volumes of the mate 
rial may be stored in pressure tanks. 

It is another object of the invention to provide a stor 
age assembly using a container construction wherein 
pressure may be used at the same time that the tanks 
are subjected to low temperatures. 

It is another object of this invention to provide a stor 
age assembly comprising containers and the like which 
satisfy the constructional and operational-technical re 
quirements in a very simple manner and by using sim 
ple manufacturing techniques. 

SUMMARY OF THE INVENTlON 

A storage assembly as disclosed herein comprises a 
plurality of longitudinally extending containers that are 
rigidly fixed and independent with respect to each 
other. Each end of the containers is sealed. Each of the 
containers is connected to a common expansion vessel 
and to a common discharge and filling mechanism 
whereby the assembly is capable of handling a large ca 
pacity of liqui?ed gases, liquids and the like to function 
in the same manner as the extremely large prior art 
containers. The widest possible range of hollow body 
sheets may be used to form the longitudinally extending 
containers. Tubular containers are advantageously em 
ployed for the storage and transport assembly made in 
accordance with this invention. The tubular containers 
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may have a round or polygonal cross-section such as 

hexagonal tubes. 
The tube ends are advantageously sealed by means of 

cup-shaped bottoms which are known as “kloppers”. 
The individual containers are rigidly connected to 
gether in one embodiment by means of suitable welding 
connections. 
A particular feature of this invention is directed to 

the use of tubular containers located only in the shell 
or jacket zone of the storage unit or assembly. Such a 
con?guration provides free storage chambers within 
the storage unit. The free storage chambers are to be 
sealed at the end faces by means of appropriate wall el 
ements. Thus it is not absolutely necessary that the en 
tire space available in the storage unit be ?lled by ju-xta 
posed, tubular containers. 

It is also possible to provide, within an outer zone, 
cavities having different sizes which, in the same man~ 
ner as the tubular containers, are to be connected to 
the common expansion vessel and the discharge and 
?lling mechanism. The marginal zones of such a stor 
age unit should, as seen in cross-section, have at least 
as many rows of juxtaposed tubular containers as will 
insure that there are at least two walls between the 
inner chamber and the outer side of the storage unit. 
The size of the free inner chambers depends upon the 
medium to be transported and the condition thereof. 
A further feature of this invention provides for the 

container tubes to be secured together by vertically ex 
tending hollow bodies which are directly joined to the 
container tubes to constitute a unitized structure. The 
hollow bodies provide housing for the pump and gas 
connections to the container tubes. In one embodi 
ment, the hollow bodies constitute a chamber which 
extends transversely of the entire tube assembly. 
Another feature of the invention is directed to the 

use of a shell which surrounds one or more tube assem 
blies. For example a sheath consisting of a sheet metal 
skin or the like may be placed around the assembly to 
serve as a catching trough. Such a catching trough has 
the advantage that the surface at the outer side of the 
stack of tubes is substantially diminished in the appro 
priate zone and, due to the spacing of the shell trough 
relative to the stack of tubes, the influence of ?re from 
the exterior of the unit is diminished. 
The design of the chambers may be effected in vari 

ous ways. Plates may be employed for the construction 
of the chamber walls. The plates include apertures or 
passage formed therein and the container tubes are 
welded in place to be registered with the openings in 
the plates. With this arrangement, the opposite walls of 
the chambers are connected by anchoring stays or the 
like. Consequently, the chamber may be able to with 
stand the static loading in the longitudinal direction. 
The chamber walls may also be designed directly as 
double walls. The tubes used to form the longitudinally 
extending containers may be spirally welded tubes. 

BRIEF DESCRIPTION OF DRAWINGS 

Other objects of this invention will appear in the fol 
lowing description and appended claims, reference 
being made to the accompanying drawings forming a 
part of the specification wherein like reference charac 
ters designate corresponding parts in the several views. 
FIG. 1 is a side elevational view of a storage unit 

made in accordance with this invention, 
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4 
FIG. 2 is an elevational view taken along line II—II 

of FIG. 1, 
FIG. 3 is an elevational view taken along line III-III 

of FIG. 1, 
FIG. 4 is a side elevational view of another embodi 

ment ofa storage unit made in accordance with this in 

vention, 
FIG. 5 is an elevational view taken along line V—V 

of FIG. 4, 
FIG. 6 is an elevational view taken along line VI-VI 

of FIG. 4, 
FIG. 7 is a fragmentary longitudinal sectional view of 

a tanker incorporating a storage unit made in accor 
dance with this invention, 
FIG. 8 is a top plan view of the tanker shown in FIG. 

7, 
FIG. 9 is a fragmentary sectional view showing a de 

tail of the mounting of the storage unit made in accor 
dance with this invention on the bottom of a ship, 
FIG. 10 is a diagrammatical sectional view of a fur 

ther embodiment of a storage unit on board a ship, 
FIG. 11 is a diagrammatic sectional view of another 

embodiment of a storage unit mounted in a ship, 
FIGS. 12 and 13 are partial sectional views taken 

along line XII—XII of FIG. 11 showing non-stressed 
and stress conditions, respectively, 
FIGS. 14 through 16 are diagrammatic cross 

sectional views through a ship’s hull showing various 
arrangements of tubular cells with respect to each 

other, 
FIG. 17 is a fragmentary cross-sectional view show 

ing a storage unit installed in a tanker, 
FIG. 18 is a plan view of the subject matter shown in 

FIG. 17, 
FIG. 19 is a side elevational view of an assembly of 

tubular cells including vertical connecting tubes, 
FIG. 20 is an elevational view taken along the line 

XX—XX of FIG. 19, 
FIGS. 21 through 24 are detailed sectional views 

showing welded connections between tubular cells with 
the walls‘of transversely extending chambers, 
FIG. 25 is a fragmentary end elevational view show 

ing the construction of a chamber wall, 
FIG. 26 is a fragmentary cross-sectional view taken 

longitudinally through the arrangement of FIG. 25, 
FIG. 27 is a fragmentary, cross-sectional view show 

ing detail of a stay anchored between chamber walls, 
FIG. 28 is a fragmentary sectional view showing a de 

tail of another stay anchored between chamber walls, 
and 
FIG. 29 is a diagrammatic prospective view of a 

means for controlling stress in the tubular cells of a 
storage unit made in accordance with this invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

More specifically, referring to FIGS. 1 to 3, a storage 
unit, generally designated 1, includes a plurality of Ion 
gitudinally extending tubular containers 2. In this em 
bodiment, the containers 2 are circular in cross-section 
and are stacked in ?uid-tight arrangement to form an 
assembly. Curved end faces 3 are used to seal the ends 
of the containers 2 which are rigidly connected to 
gether by any suitable means such as welding. 
The stack of containers 2 constitutes, in its entirety, 

a statically determined, rigid structural unit. Any 
means of connecting the tubular containers may be 
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used so long as there is no possibility of displacemeh't 
of containers 2 with respect to each other. 
The tubes 2 are connected along their ends thereof 

by vertical pipes or lines 4. The pipes 4 are located on 
one side of the stack of tubes 2 and are open to vent 
into a common expansion vessel 5. The expansion ves 
sel 5 should be located sufficiently high above the stack 
of tubes 2 so that it is able to receive the gases which 
evolve from within the unit 1. This is particularly true 
when liquid gases are being stored. Thus, as is evident 
in the drawings, the expansion vessel 5 is intercon 
nected commonly and directly in parallel connection to 
each of all the containers 2 to receive expansion media 
from each of the containers 2. 
The gas collector or expansion vessel 5 may be pro 

vided which appropriate safety devices which protect 
the storage unit 1 against positive or negative pressure. 
Furthermore, the compressor or the like may be con 
nected to the expansion vessel 5 to suck in or press in 
gases by way of vessel 5 during the various ?lling and 
discharging procedures. 
A vertically extending pipe or tube 6 connects the 

containers 2 together on the other side of the assembly 
1. The containers 2 located in each horizontal row are 
interconnected-by a collecting pipe or line 7 which is 
connected or opens into the vertical tube or pipe 6. 
A pump 8 and any necessary metering and monitor 

ing devices are mounted in the vertical pipe 6. A motor 
9 located at the upper end of pipe 6 drives pump 8 
which may be a Deepwell pump. The vertically extend 
ing pipe 6 is arranged to be somewhat deeper than the 
lowermost edge of the lower tubular 2 to effectuate im 
proved emptying of the storage unit I. All of the tubu 
lar containers 2 may be emptied uniformly and inde 
pendently of each other by way of the pumping device. 
As shown in the drawings, the pump 8 constitutes 
means providing a single pumping station which is con 
nected commonly and directly in parallel connection to 
each of all the containers 2 for discharging and ?lling 
the containers 2. 

Referring to FIGS. 4 through 6, a storage unit 10 cor 
responds substantially to the design of the storage unit 
1 shown in FIGS. 1 to 3. In this embodiment, however, 
an expansion vessel is located on the same end of the 
containers 2 as the vertical pipe 6 which includes the 
discharge pump 8. This embodiment is usable where 
the ship construction does not permit the attachment 
of expansion line 4 and expansion vessel 5 on the side 
of the tube containers 2 opposite the vertical pipe 6. 
Suction lines 7 extend horizontally into the vertical 
pump 6 and the vertical expansion lines 4 are intercon 
nected to each container 2 by way of lines 11. 
Venting pipes 12 are disposed in each of the individ 

ual tubular containers 2 and extend from the connect 
ing pipe 11 to the other end of each container 2. There 
fore, the venting pipes 12 are interconnected to the 
vertical collector pipes 4 and the expansion vessel 5. 

In FIGS. 7 and 8, storage units 10 consisting of plu 
rality of tubular containers 2 are shown installed in a 
tanker. Storage units 10 are exposed in the hold 13 of 
the ship's hull 14 which has a double bottom 15. The 
storage units 10 extend along the longitudinal axis of 
the ship. Depending on the length of the ship, it will be 
possible to provide more than two of the storage units 
10 which are shown in these drawings. Storage units 10 
may be subdivided so that the trim of the ship may be 
improved. 
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6 
A gas plant or valve station 16 is located on the deck 

of the ship and is interconnected to all of the storage 
units 10. With this arrangement, a different product 
may be transported simultaneously in each of the plu 
rality of the storage units 10. Depending upon tempera 
ture and operating conditions, the individual storage 
units 10 may be connected in any manner such as one 
below the other. 
Storage units 10 are mounted in the ship’s hull so that 

the dynamic forces set up therein are transmitted di 
rectly into the ship’s hull. That is, the forces due to the 
weight of the units may be transmitted by way of a cor 
responding bearing construction from the storage units 
10 to the ship’s hull l4. Longitudinal extending beams 

. or planks 17 or the like may be appropriately engaged 
in the interstices formed between the tubular contain 
ers 2. The shape of the carrier beams or plank 17 is se 
lected so that the uniform bearing surfaces are reliably 
maintained despite the varying shrinkage of the individ 
ual containers 2. The free spaces between the tubular 
containers may be ?lled by cooling coils or the like (not 
shown). A detail of the cross section of the beam I7 
and the bottom two rows of containers 2 and a storage 
unit 10 is shown in FIG. 9. 
The embodiment of a storage unit 18 shown in FIG. 

10 includes a plurality of polygonal tubular containers 
2a which are hexagonal tubes. The hexagonal tubes 2a 
till the hold 13 of the ship’s hull 14. This construction 
provides a honeycomblike storage unit which may fill 
the entire hold 13 of the ship’s hull 14. 
The embodiment shown in FIG. 11 is a pressureless, 

low-temperature transport-storage unit. Again tubular 
containers 2a have a hexagonal cross-section and are 
arranged in a peripheral zone so that one or more free 
chambers 19a and 19b are formed. Chambers 19a and 
1% may also serve as storage space for the liquids. The 
individual pro?led tubes 2a are so assembled that there 
are always two walls between the inner and outer sides 
of the storage unit 18. The individual segments may be 
prefabricated and are merely assembled in the ship’s 
hull itself in relatively large groups. 
The hexagonally shaped tubular containers 2a are 

welded together in honey-comb-like manner so that 
shrinkage forces within a storage unit of this kind may 
be taken out. Expediently, the hexagonal tubes 2a are 
sealed, alternatingly on the inner side 20 or on the 
outer side 21, by single-walled or double-walled lami 
nar elements. Due to this arrangement, the entire wall 
is able to take up the shrinkage forces caused by cool 
ing, in consequence of the fact that the individual hex 
agonal tubes 2a “fold-together” on the opposite, non 
welded cross-section 22, to correspond to overall 
shrinkage. All pipe connections and the like extending 
to the exterior may be introduced from above through 
one of the hexagonal tubes 2a. 
The embodiments shown in FIGS. 14 through 16 are 

illustrative of different arrangements of the cellular 
tubes 2 which may be used depending on the ratio of 
ship’s height to the ship’s width. In the embodiment of 
FIG. 14, the tubes 14 are disposed directly one above 
the other as well as being aligned horizontally. The off 
set arrangement shown in FIG. 15 shows the tubes to 
be aligned directly side-by-side horizontally and offset 
vertically. In FIG. 16, the tubes 2 are arranged directly 
one above the other in a vertical direction and offset 
with respect to each other in a transverse direction. 
There is a smaller degree of free space in the embodi 
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ments shown in FIGS. 15 and 16 than in the embodi 
ment of FIG. 14. The offset arrangement of FIG. 15 is 
more advantageous where there is a wide and corre 
spondingly low ship whereas the aligned arrangement 
of FIG. 16 is preferred in the case of high and narrow 
ships. 
Various parameters are used to select the size of the 

tube diameter and include reference to obtaining a 
minimum cellular tank weight or free outer space with 
a corresponding maximum relative to the transport vol 
ume and filling level. The transport volume and ?lling 
level is the ratio of the ship’s free cross-section to the 
cellular tank cross-section. 

In FIGS. 17 and 18, vertically extending chambers 24 
and 24a are used to rigidly and ?rmly connect the indi 
vidual tubes 2 together. It is also possible to rigidly con 
nect tubes 2 with individual tubes 25 which extend 
through the containers 2 as shown in FIGS. 19 and 20. 
In this way, the stack of tubes 2 or the cellular tank 
constitutes a uniform body wherein axial forces may be 
taken up in an entirely satisfactory manner. The group 
of vertical tubes 25 or the chambers 24 and 24a pro 
vides a column-like structure serving to transfer the 
weight of the entire stack of tubes to the ship’s hull 14. 
In this manner, each cellular tank 10 need only be sup 
ported at the chambers 24 by the bearing members 26 
attached to the bottom of the ship. The chambers 24 or 
the vertical tubes 25 may serve the same functions as 
the vertical pipe 6 or the expansion vessels 5 used in the 
earlier embodiments. Pump 8 driven by motor 9 may 
be used for discharging and ?lling the chamber 24 on 
one hand and on the other hand the chambers 24a may 
be used as expansion vessels for the liquid gas and the 
like. The necessary metering and monitoring arrange 
ments may also be provided in the appropriate cham 
bers. 
The chambers 24 and 24a are advantageously ar 

ranged at an intermediate location between the ends of 
the tubes 2. That is, they are at a position laterally dis 
placed from the ends of the containers 2. With this ar 
rangement, the chambers 24 and 24a are connected to 
gether by the intermediate portions of tubes 2. Com 
munication is then established between chambers 24 
and 24a. The exposed portions of the tubes 2 may 
readily be welded in at the externally located sides of 
the chamber walls. The position of the chambers 24 
and 24a between the ends of the tubes 2 has the advan 
tage that the assembly 10 may be satisfactorily adapted 
to the con?guration of the ship’s walls by means of tube 
ends which are free to a varying degree. 
The chamber walls consist advantageously of individ 

ual plates 27 welded as ?anges to the individual tubes 
2. This construction is illustrated in the drawings of 
FIGS. 21 through 24. With this arrangement,v the tubes 
2 may be connected at their sides facing the chamber 
walls with pipe members 2, 26, 2f, 2g and 2h. Members 
2f and 2h may be provided directly with ?ange ele 
ments 2i and 2j, respectively. Plates 27 which form the 
chamber wall are welded directly to the ?ange ele 
ments 2e, 2f, 2g and 2h. The wall of chamber 24 may 
also be designed as a double wall as shown in FIGS. 22 
and 24. This construction makes it possible for testing 
the weld seam with reference to the strength and ?uid 
tightness. The wall 28a may be provided with a pres 
sure testing connection 29. Pressure testing may also be 
effected by vacuum means. 
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The opposite walls of the chamber 24 are connected 

and spaced by connecting elements 30 designed as 
traction or tension elements. With this arrangement, 
the connecting elements 30 receive the static and dy 
namic tension and compression forces acting on the 
chamber walls 27. Anchoring stays 31 surrounded by 
spacer sleeves 32 as shown in FIG. 28 may constitute 
the connecting elements 30. However, it is also possible 
to provide a welded construction wherein connecting 
tubes 33 are ?xedly welded to the chamber wall 27 as 
shown in FIG. 27. The wall of the chamber 24 may, for 
example, be assembled from hexagonal plates 34 ap 
propriately welded together at the contact faces as 
shown in FIG. 25. 
The cellular storage tank unit 10 is subjected to ex 

tremely high stressing if it is necessary to be cooled to 
extremely low temperature for the purpose of receiving 
gas. It is not economically feasible to obtain entirely 
clear ?ow conditions in conventional large capacity 
tanks so that non-uniform cooling can take place. 
Due to the arrangement of a spray 35 as shown in 

FIG. 29, and due to the rotation-symmetrical shapes of 
the individual tubes 2 and the non-sensitivity relative to 
thermal stressing, a further substantial advantage is 
achieved in the storage unit construction of the present 
invention. The spray system 35 includes a nozzle 36 
which is disposed within the tubes 2. Liquid gas used 
for cooling the storage unit may be supplied to the noz 
zles 36 by a feed pipe 37. The feed pipe 37 is disposed 
within the vertical tubes or pipes 25 or the chamber 24. 
The nozzles 36 extend in such a manner that the emerg 
ing jets of cooling gas impinge peripherally on the inner 
wall of the tubes 2 with maximum uniformity. The cool 
ing gas is able to escape upwardly for re-liqui?cation at 
the other vertical tubes as shown in FIG. 29. 

ADVANTAGES OF THE INVENTION 

By dividing up the storage space available into a 
smaller, individual ‘transport or storage chamber 
adapted to handle liquid or gas medium under prede 
termined operational conditions, many advantages are 
obtained particularly for the transportation of liquified 
gases, liquids, and the like on board ships. Thinner wall 
thicknesses may be used to construct the individual and 
independently operating containers. This results in 
lower weights and a higher degree of resiliency with re 
spect to the assembly itself. Stressing conditions are to 
be taken into account separately for each individual 
smaller container and are therefore simply determined. 
It is possible to effect tests for ?uid-tightness and 
strength in a simpler manner. The assembly of the indi 
vidual containers may be made either at the shipyard 
or directly in the ship itself. Therefore handling and 
transportation is greatly simpli?ed with the assembly 
being placed on board ship with a smaller economic 
outlayf 

Pressureless containers may be made quicly and sim 
ply. At the same time, a double wall construction is 
provided which offers a considerably fair amount of 
protection in the event of a collision of the ship than 
there would be in conjunction with a large capacity 
container. Known prior art pressureless containers re 
quire complicated isolating structures to avoid varying 
material stressing due to considerable temperature dif 
ferences occurring therein. On the other hand, the use 
of small individual components which are indepen 
dently ?xed with respect to each other eliminates large 
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problems associated with varying material stressing due 
to considerable temperature differences. 

Substantial advantages are also achieved from a 
standpoint of operating technique. The ?ow behavior 
of liqui?ed gases, liquids and the like is de?ned and 
controllable in the smaller component containers. It is 
very simple to render the total assembly gas free since 
each individual container is being separately treated 
and is easier to purge than the larger prior art pressure 
less tanks. There are not restrictions with respect to the 
application of operational pressures in an assembly 
made in accordance with this invention. The same fact 
also applied to the stressing due to low temperatures. 
It has been found that partially ?lled assemblies made 
in accordance with this invention are easier to trans 
port than partially ?lled prior art pressureless contain 
ers. 

It is possible to optimize the use of the individual tube 
diameters in an assembly made in accordance with this 
invention. Thus it becomes possible to achieve the ac 
commodation of the same transport volume which may 
be effectuated when using a large container requiring 
the same amount of space. Due to the use of hexagonal 
tubes and other similar pro?les, the transport volume 
is actually greatly improved and may be as much as 15 
percent larger than prior art larger container storage 
devices. 4 

The problem of force-transmission into the ship’s hull 
may be solved in a very simple manner by using the 
storage unit of this invention. Cooling devices may be 
provided between the tubular containers of the storage 
unit. This is possible particularly in the case of tubes 
having circular cross-sections. The tubular storage 
units may bear expediently on longitudinally extending 
beams or planks located in the bottom of the ship’s 
hull. In this way, the forces are transmitted directly to 
the ship’s hull over the entire length of the storage unit. 
Furthermore, there is obtained a large support surface 
which is not available with the known large capacity 
prior art containers. Even with the most violent move 
ment of the ship’s hull, a steady and ?rm mounting is 
achieved for the storage unit made in accordance with 
this invention. 
Movement of the storage unit in the direction of the 

central axis may be compensated for by employing 
honeycomb-shaped bottoms. 
The design of the storage unit according to the inven 

tion is especially suitable for use on boats intended for 
liqui?ed gases and the like. When profiled tubes are 
used, the unit may be considered to constitute a double 
walled tank. lf the components are employed for the 
construction of land tanks, there are then obtained 
highly resilient tanks which may be considered to be of 
double-walled design. These tanks afford an exception 
ally high degree of safety against earthquakes and other 
mechanical damage. 
A substantial source of stressing of the storage units 

for liquids, liquid gas and the like results from the axial 
accelerations to which the component parts of a ship 
are subjected upon the movement on the sea. Such 
stresses are also due to possible mishap or collision. 
The hollow bodies used in one embodiment of the in 
vention provide a mechanism for taking up these axial 
forces. At the same time, the hollow bodies provide 
functional necessities with respect to the operation of 
the cellular tank. Additionally, hollow bodies may be 
come the bearer and mounting elements of the entire 
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tube assembly. In particular, these conditions are pro 
moted by the hollow chambers provided in the stack of 
tubes in extending in the transverse direction relative 
to the stack of tubes. The hollow bodies constitute the 
static skeleton for the stack of tubes. The construction 
is natural to provide support for the elements on the 
bottom of the ship’s hull. Not only is the strength of the 
stack of tubes improved in its entirety but an advanta 
geous transfer of the weight of the stack of tubes to the 
ship’s bottom is also achieved. In this way, the con 
struction of the storage assembly counters any trans 
mission of forces occurring between the ?exing of the 
ship and the transfer of the load from the ship to the 
stack of tubes. 
The construction of the hollow body chambers en 

ables the precise calculation for the mounting of the as 
sembly on two bearings or support arrangements with 
respect to the loading forces. In the case of relatively 
large and relatively long ships, it is possible to provide 
a large number of supports or bearing arrangements 
which may be necessary because of the corresponding 
?exing movements of the ship’s hull. 
The use ofa plurality oflongitudinally extending con 

tainers to make up an assembly in accordance with this 
invention enables the assembly to be easily adapted to 
various shaped ships. That is, the aligned arrangements 
of the tubes in the assembly improves space utilization. 
Oscillations or vibrations are set up within the ship due 
to the operation of its engines. The individual tubes of 
a cellular tank also tend to oscillate due to their sym 
metry. This is especially true in connection with dy 
namic stressing. The oscillation behavior of the individ 
ual tubes may be so influenced that actual frequencies 
of the tubes may be effectuated that are actually “safe” 
from the exciter frequency. That is, by ?lling the inter 
stices between the individual tubes with a ?ller com 
pound such as foamed material, the oscillation behav 
ior of the individual tubes may set up actual frequen 
cies of the tubes which are adequately safe from the ex~ 
citer frequency. Furthermore, the filling of the inter 
stices with a filler compound has the result of protect 
ing the surface of the tube containers from ?re hazard. 
The ?ller substance operates simultaneously against 

corrosion. Furthermore, any friction which may be set 
up in the case of badly assembled tubes is avoided. The 
?lling of the free spaces between the tubes has also the 
further advantage that, in the event of small leakages, 
the passage of heat through the insulation means is suf 
?cient to vaporize small quantities of escaping liquid 
gases so that they may be discharged in a controlled 
manner. 

The chambers holding the tubes of the stack together 
may project entirely or partially above the ship’s deck 
and be sealed at the upper side by some type of a cover. 
In this way, excellent accessibility of the cellular assem 
bly is achieved and an optimum possibility for the ar 
rangement of pipelines, pumps, etc. which need to be 
connected into the system. 
The hollow chambers may be sub-divided by at least 

one transverse wall. In this way, it becomes possible to 
provide varying liquid levels in the divided-off com 
partments of the cellular tank thereby enabling a trim 
ming of the ship. In the case of wide ships, it is expedi 
ent to provide two independent cellular tank units in a 
side-by-side arrangement to achieve the desired trim 
mm. 



3,863,460 
11 

While the device for the storage and transport of liq 
ui?ed gases, liquids and the like, in particular, on ships, 
has been shown and described in detail, it is obvious 
that this invention is not to be considered as being lim 
ited to the exact form disclosed, and that changes in de 
tail and construction may be made within the scope of 
the invention, without departing from the spirit thereof. 
Having thus set forth and disclosed the nature of this 

invention, what is claimed is: 
l. A storage assembly comprising: 
a. a plurality of longitudinally extending containers, 
b. the said containers being rigidly ?xed and indepen 
dent with respect to each other and being sealed at 
each end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liquified gases, liquids and the like, 

c. said discharge and ?lling means including a verti 
cally extending pipe and horizontally extending 
collector pipe interconnected to each of the con 
tainers so that the vertically extending pipe is in 
common communication with all of the containers, 

f. the bottom of said vertically extending pipe being 
disposed at a level lower than the undermost edge 
of the container located at the bottom of the as 
sembly. 

2. A storage assembly comprising: 
a. a plurality of longitudinally extending tubular con 

tainers, 
b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liqui?ed gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. said discharging and ?lling chamber being subdi 
vided by at least one longitudinal wall into liquid 
tight and gas-tight compartments. 

3. A storage assembly comprising: 
a. a plurality of longitudinally extending tubular con 

tainers, 
b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 
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12 
d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liqui?ed gases, liquids and the like, 

c. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. the said discharging and ?lling chamber including 
walls consisting of plate means having apertures in 
which the tubular containers are directly welded. 

4. A storage assembly comprising: 
a. a plurality of longitudinally extending tubular con 

tainers, 
b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an, expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers, to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liqui?ed gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. said hollow body con?guration including flange 
tube pieces ?xedly attached to the containers for 
connecting the containers into the discharging and 
?lling chamber. 

5. A storage assembly comprising: 
a. a plurality of longitudinally extending tubular con 

tainers, 
b. said containers being rigidly ?xed and independent 

with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liqui?ed gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. said vertically extending hollow body con?guration 
including oppositely disposed walls vertically ex 
tending transversely of all the containers, 

g. said walls being connected together by tension ele 
ments. 

6. An assembly as de?ned in claim 5 wherein 
said tension elements include anchoring stays and 
spacer sleeves. 

7. A storage assembly comprising: 
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a. a plurality of longitudinally extending tubular con- 
tainers, 

b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
necton to each of all of the containers for discharg 
ing and ?lling each of the containers whereby the 
assembly is capable of handling a large capacity of 
liqui?ed gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. said chamber including a double wall con?gura 
tion. 

8. A storage assembly comprising: 
a. a plurality of longitudinally extending tubular con 

tainers, 
b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liquified gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 

f. said hollow body con?guration including vertically 
disposed tubes which extend through the tubular 
containers and transversely extending hollow 
crossbeams which connect the vertically disposed 
tubes above and below the rigidly ?xed plurality of 
containers. 

9. A storage assembly comprising: 
. a plurality of longitudinally extending tubular con 

tainers, ' 

b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, and 

d. means providing a single pumping station which is 
connected commonly and directly in parallel con-' 
nection to each of all of the containers for dis 
charging and ?lling each of the containers whereby 
the assembly is capable of handling a large capacity 
of liquified gases, liquids and the like, 

e. said discharging and ?lling means including a verti 
cally extending hollow body con?guration consti 
tuting a chamber that extends transversely of the 
plurality of containers, 
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f. said hollow body con?guration including means to 
support the weight of the assembly disposed on the 
bottom of a ship, and 

g. at least two bearing members being located at the 
bottom of said hollow body. 

10. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: I 

a. a plurality of longitudinally extending containers, 
b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

0. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

. said chambers including a vertically extending pipe 
and horizontally extending collector pipes inter 
connected to each of the containers so that the ver 
tically extending pipe is in common communica 
tion with all of the containers, 

e. the bottom of said vertically extending pipe being 
disposed at a level lower than the undermost edge 
of the container located at the bottom of the as 
sembly, 

f. an expansion vessel interconnected commonly with 
all the containers in said unit, and 

g. means for discharging and ?lling each of the con 
tainers in said unit. 

11. A storage assembly comprising: 
a. a plurality of horizontally disposed longitudinally 
extending containers that are substantially parallel 
with respect to each other, 

b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all. the 
containers to receive expansion media from each 
of the containers, 

d. a compressor coupled to the expansion vessel, 
e. a single pumping station, and 
f. means connected to each of all the containers com 
monly and directly in parallel connection to the 
pumping station for discharging and ?lling each of 
the containers whereby the assembly is capable of 
handling a large capacity of liqui?ed gases, liquids 
and the like, 

g. said discharging and ?lling means including a plu 
rality of connecting lines wherein one of said lines 
connects each containers directly to the pumping 
station. 

12. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending tubular containers that are rigidly fixed 
with respect to each other, 

b. said containers being independent with‘ respect to 
each other and being sealed at each end thereof, 

c. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. cooling coils disposed between the tubular con 
tainers, 

e. an expansion vessel interconnected commonly 
with all the containers in said unit, and 
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f. means for discharging and ?lling each of the con 
tainers in said unit. 

13. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending tubular containers having interstices 
formed therebetween, 

b. a filler compound such as insulating foam material 
disposed within the interstices, 

c. said containers being independent with respect to 
each other and being sealed at each end thereof, 

d. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

e. an expansion vessel interconnected commonly 
with all the containers in said unit, and 

f. means for discharging and ?lling each of the con 
tainers in said unit. 

14. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

0. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. an expansion vessel interconnected commonly 
with all the containers in said unit, 

e. means for discharging and ?lling each of the con 
tainers in said unit, and 

f. a spray system disposed within the containers for 
supplying liquid gas to cool the containers before 
use thereof. 

15. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

c. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. said chambers including a vertically extending 
chamber having walls consisting of plate means 
with apertures in which the containers are directly 

welded, 
e. an expansion vessel interconnected commonly 
with all the containers in said unit, 

f. means for discharging and ?lling each of the con 
tainers in said unit. 

16. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 

prising: 
a. a plurality of horizontally disposed longitudinally 
extending containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 
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c. transversely extending chambers directly and rig 

idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. said chambers including ?anged tube pieces 
?xedly attached to the containers for connecting 
the containers into said chambers, 

e. an expansion vessel interconnected commonly 
with all the containers in said unit, and 

f. means for discharging and ?lling each of the con 
tainers in said unit. 

17. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as iiqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: . 

a. a plurality of horizontally disposed longitudinally 
extending containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

c. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. said chambers including vertically extending 
chambers having oppositely disposed walls verti 
cally extending transversely of all the containers, 

e. said walls being connected together by tension ele 
ments, 

f. an expansion vessel interconnected commonly with 
all the containers in said unit, and 

g. means for discharging and ?lling each of the con 
tainers in said unit. 

18. An assembly as de?ned in claim 17 wherein 
said tension elements include anchoring stays and 
spacer sleeves. 

19. A storage assembly for transporting pressureless 
liquids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending tubular containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

c. transversely extending chambers directly and rig 
idly interconnecting said containers to form a 
transportable rigid structural unit, 

d. said chambers including vertically disposed tubes 
which extend through the tubular containers and 
transversely extending hollow cross beams which 
connect the vertically disposed tubes above and 
below the rigidly ?xed plurality of containers, 

e. an expansion vessel interconnected commonly 
with all the containers in said unit, and 

f. means for discharging and ?lling each of the con 
tainers in said unit. 

20. A storage assembly comprising: 
a. a plurality of horizontally disposed longitudinally 
extending containers that are substantially parallel 
with respect to each other, 

b. said containers being rigidly ?xed and independent 
with respect to each other and being sealed at each 
end thereof, 

c. an expansion vessel interconnected commonly and 
directly in parallel connection to each of all the 
containers to receive expansion media from each 
of the containers, 

d. a single pumping station, and 
e. means connected to each of all the containers 
commonly and directly in parallel connection to 
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the pumping station for discharging and ?lling each 
of the containers whereby the assembly is capable 
of handling a large capacity of liqui?ed gases, liq 
uids and the like, 

f. said discharging and filling means including a plu 
rality of connecting lines wherein one of said lines 
connects each container directly to the pumping 
station and is effective to provide a substantially 
complete evacuation of each container. 

21. An assembly as de?ned in claim 20 wherein 
the expansion vessel is located at one end of the as 
sembly and the discharging and ?lling means is dis 
posed at the other end of the assembly. 

22. An assembly as de?ned in claim 20 wherein 
the expansion vessel and the discharging and ?lling 
means are disposed at the same side of the assem 
bly. 

23. An assembly as defined in claim 20 wherein 
the expansion vessel includes vertically extending 
hollow body con?guration that is joined directly to 
the containers and 

the discharging and ?lling means include vertically 
extending hollow body con?guration that is joined 
directly to the containers at a location laterally dis 
placed from the expansion vessel. 

24. An assembly as de?ned in claim 20 wherein 
rows of containers are sealed longitudinally with re 
spect to each other in a peripheral con?guration to 
form free storage chambers therewithin, 

said free storage chambers being sealed at the end 
face and having at least two walls of the containers 
being disposed between the inner and outer sides 
of the storage assembly. 

25. An assembly as de?ned in claim 20 wherein 
said containers have a tubular con?guration, and 
the discharging and ?lling means includes a vertically 
extending hollow body con?guration constituting a 
chamber that extends transversely of the plurality 
of containers. 

26. An assembly as de?ned in claim 25 wherein 
said discharging and ?lling chamber is disposed at a 

location intermediate the ends of the tube assem 
bl . 

27 . I); storage vessel for transporting pressureless liq 
uids or liquids under pressure such as liqui?ed gases 
within vessels such as ships, tankers and the like, com 
prising: 

a. a plurality of horizontally disposed longitudinally 
extending containers, 

b. said containers being independent with respect to 
each other and being sealed at each end thereof, 

c. transversely extending chambers directly and rig 
idly interconnecting said chambers to form a trans 
portable rigid structural unit, 

d. an expansion vessel interconnected commonly 
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with all the containers in said unit, and 

e. means for discharging and ?lling each of the con 
tainers in said unit, 

f. said discharging and ?lling means including a plu 
rality of connecting lines wherein one of said lines 
connects each container directly to the pumping 
station and is effective to provide a substantially 
complete evacuation of each container. 

28. An assembly as de?ned in claim 27 wherein 
the bottom of the structural unit has an arrangement 
of containers with respect to each other adapted so 
that the assembly may bear on longitudinally ex 
tending members disposed on the bottom of the 
hold of a ship. 

29. An assembly as de?ned in claim 27 wherein 
a shell con?guration is disposed around the plurality 
of containers to serve as a catching trough. 

30. An assembly as de?ned in claim 27 wherein 
the free portions of the longitudinally extending con 

tainers are of varying length to correspond to the 
shape of a ship in which the assembly is to be dis 
posed. 

31. An assembly as de?ned in claim 27 wherein 
the longitudinally extending containers comprise spi 

ral seam-welded tubes. 
32. An assembly as de?ned in claim 27 wherein 
the expansion vessel is interconnected directly in par 

allel connection to each of all the containers to re 
ceive expansion media from each of the containers, 

said chambers being connected directly in parallel 
connection with each of all the containers. 

33. An assembly as de?ned in claim 27 wherein 
said chambers are connected directly in large surface 
open parallel communication with the containers, 

said discharging and ?lling means being connected 
commonly to all of the containers in said unit. 

34. An assembly as de?ned in claim 27 wherein 
said chambers include a discharging and ?lling cham 
ber extending vertically and transversely to the 
structural unit of the containers. 

35. An assembly as de?ned in claim 27 wherein 
said transversely extending chambers constitute the 

only support points for the containers in said unit. 
36. An assembly as de?ned in claim 27 wherein 
said chambers include vertically extending tubes 
which penetrate directly into all the containers of 
the structural unit so that the containers are in 
open and direct communication with respect to 
each other. 

37. An assembly as de?ned in claim 36 wherein 
said discharging and ?lling chamber is disposed at a 

location intermediate the ends of the structural 
Lmlt. 

* * * * * 


