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ABSTRACT OF THE DISCLOSURE 
A container for the transport or storage of ?uids is 

separated by means of movable wall means into a plu 
rality of variable volume chambers to permit the with 
drawal of a ?uid from one of said chambers while si~ 
multaneously therewith introducing a fluid into the other 
of said chambers. 

The invention relates to a reservoir for storing two 
?uids. 

Gases, for example, natural gas, methane, propane, 
ethane or oxygen, are sometimes transported or stored in 
lique?ed condition and at low temperature or in the so 
called dense phase, that is, at low temperature and at high 
pressure. Liquefaction or cooling down of gases requires 
large quantities of energy, so that proposals have been 
made for restricting the energy consumption. Since the 
lique?ed gases are normally consumed in gaseous condi 
tion, it is necessary, after storage or transport of the 
lique?ed gases, to convert the lique?ed gases into the 
gaseous condition. During this conversion-process cold is 
liberated, or in other words heat is taken in. It has al 
ready been proposed to make use of the cold liberated 
(absence of heat) for liquefying a next quantity of gas, 
by using this cold for cooling down a liquid cold-carrier. 
The cold-carrier cooled down in this way is then led into 
a heat-insulated reservoir and is stored or transported in 
this reservoir. 
When liquefying or cooling down a next quantity of 

gas, the cold, present in the cold-carrier stored or sup 
plied in the heat-insulated reservoir, is then used for 
liquefying or cooling down the gas. 
By means of liquid cold-carriers the quantity of energy 

necessary for liquefying or cooling down of gas for trans 
porting it in lique?ed condition or at low temperature can 
be reduced substantially. 

Liquid cold-carriers can also advantageously be used 
in peak-shaving. If, for example, the consumption of gas 
is small as compared to the supply of gas, a quantity of 
the gas supplied can be lique?eld and be stored in a heat 
insulated reservoir. As soon as the consumption of gas 
is large as compared with the supply of gas, the gas stored 
in lique?ed condition is converted into the gaseous condi 
tion and then consumed. In other words, a quantity of 
gas stored in lique?ed condition serves as a buffer in 
order to take up the peaks in the consumption of the gas. 
The cold liberated during the conversion of the lique?ed 
gas into the gaseous condition is transferred to a cold 
carrier. The cold-carrier thus cooled down is then stored 
in a heat-insulated reservoir. As soon as more gas is 
supplied than is consumed, the surplus of the gas sup 
plied is lique?ed, the cold present in the cold-carrier being 
used for liquefying the surplus gas. The gas thus lique 
?ed is then stored in a heat-insulated reservoir. 

It is remarked that, when using a cold-carrier in the 
way as described above, additional cooling is necessary 
in order to compensate for cold losses which occur dur 
ing storage or transport of the lique?ed gas or of the cold 
carrier in heat-insulated reservoirs. 

10 

15 

20 

25 

35 

40 

55 

60 

65 

70 

3,438,215 
Patented Apr. 15, 1969 

2 
Reservoirs for storage or transport of the lique?ed gas 

or of the cold cold-carrier have to be provided with a 
heat-insulated layer in order to be able to resist low tem 
peratures and temperature-changes without being dam 
aged. Therefore, these reservoirs are relatively expen 
sive, especially if the temperatures of the liquids which 
have to be stored therein are low. Lique?ed methane, for 
example, which is stored at atmospheric pressure, has 
a temperature of about minus 160° C. 

‘It is an object of the invention to reduce as much as 
possible the necessary investments in heat-insulated 
reservoirs for storing the lique?ed gas, the cold gas or the 
cold cold-carrier in transport of lique?ed gas or cold gas 
or in peak-shaving. This is done by using a single heat 
insulated or thermal‘ insulated reservoir for storing both 
the cold cold-carrier and the lique?ed gas or the cold gas. 
The reservoir which serves accordingly for storing two 
cold ?uids is therefore of special construction and is, ac 
cording to the invention, characterized] in that it com 
prises a horizontal separating wall in the reservoir which 
wall is vertically movable, a fluid supply and outlet open 
ing into a ?rst space or chamber (the lower space), lo 
cated below the horizontal separating wall, and a ?uid 
supply and outlet opening into a second space or cham 
ber (the top space) located above the horizontal sepa 
rating wall. 

In a suitable embodiment of the invention the hori 
zontal separating wall is a box-like body. This box-like 
body can be ?lled with a gas, for example, with nitrogen 
or with another suitable gas. 
The invention will be explained further with reference 

to the schematic drawings, in which: 
FIGURE 1 shows a vertical cross-section of a ?rst em 

bodiment of a reservoir according to the invention; 
FIGURE 2 shows a vertical cross-section of a second 

embodiment of a reservoir according to the invention; 
FIGURE 3 shows a vertical cross-section of a frag-_ 

ment of the horizontal separating wall. 
The top and side walls of the reservoir 1 are indicated 

respectively by the numbers 2 and 3. The outer surfaces 
of these walls are provided with a layer of heat-insulat 
ing material 5. Instead the outer and/or inner surfaces 
of the walls 2 and 3 can be provided with a layer of heat 
insulating material. The reservoir is provided with a foun 
dation 6, made, for example, of concrete, wood or an 
other suitable material, and provided with heat-insulat 
ing material and a metal lining, if necessary. In the res 
ervoir 1 a horizontal separating wall 8, movable in a 
vertical direction, is present. This separating wall divides 
the reservoir 1 in a ?rst space or chamber 9, which may 
also be called the lower space or chamber 9, located un 
der the separating wall ‘8, and in a second space or cham 
ber 11, which may also be called the top space or cham 
ber ‘11, located above the separating wall 8. The horizon 
tal separating wall ‘8 is of about the :same construction 
as a conventional ?oating roof. In the embodiment as 
shown in the drawings it consists, for example, of a box 
like body, built up of metal plates 14. In top plan view 
the separating wall 8 is congruent to a horizontal cross 
section of the reservoir 1. At its periphery the separat 
ing wall -8 is provided with a suitable seal 15, which con 
tacts the inner surface of the wall 3. This seal 15 is 
shown on an enlarged scale in FIGURE 3 and comprises 
rings 25 and 26 made of a ?exible material, for example, 
made of a suitable plastic, for example, Te?on. The rings 
25 and 26 are vertically spaced apart and are secured to 
the periphery of the wall 8. Between the rings 25 and 26 
a space or annular chamber 27 is present, which may 
be ?lled with a gas under pressure, for example, with 
nitrogen gas. The outer surfaces of the rings 25 and 26 
are in contact with the inner surface of the wall 3. With 
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in the box-like horizontal separating wall 8, a hollow 
space or airtight chamber 16 is present. This space or 
chamber 16 can be ?lled with a gas at a pressure higher 
than atmospheric, for example, with nitrogen at a pres 
sure, for example, 7 atmospheres. The outer surface 
of the heat-insulating layer 5 can be provided with an 
outer shell 4, for example, made of a suitable metal. The 
roof of the reservoir 1 is provided with a vapor outlet 29. 
The reservoir 1 as shown in FIGURE 1 is provided with 

a ?uid supply or inlet and outlet opening or port 7, open 
ing into the lower space or chamber 9. Furthermore, the 
reservoir 1 is provided with a ?uid supply and outlet 10, 
opening into the top space 11. The ?uid supply and out 
let t10 can be a ?exible conduit assembled of a number of 
relatively rigid pipes, which are interconnected by suitable 
joints or hinges. It comprises a pipe piece 17 led through 
the outer shell 4, the heat-insulating layer 5 and the Wall 
3. By means of a ?ange it is connected to a pipe piece 18, 
which at its turn is connected by means of a joint or hinge 
20 to a pipe piece 19. The pipe piece 19 is connected to 
a pipe piece 21 in such a way that it is axially movable. 
The pipe piece 21 is connected by a joint or hinge 22 to a 
pipe piece 23. The pipe piece 23 is secured by means of 
a ?ange to a pipe piece 24 that is located in the separating 
wall 8 in such a way that it opens into the top space 11. 
The reservoir as shown in FIGURE 2 is provided with 

a ?uid supply 30 opening into the top space 11, a ?uid out 
let 31 connected to the top space 11, a ?uid supply 32 
opening into the lower space 9 and a ?uid outlet 33 con 
nected to the lower space 9. The ?uid outlet 31 comprises 
a pipe piece 34 arranged in the side wall 3. By means of 
a ?ange the pipe piece 34 is conneced to a pipe piece 
35, which is connected by means of a joint or hinge 36 
to a rigid pipe 37. The other end of pipe 37 is connected 
by a hinge or joint 38 to a rigid pipe 39. Pipe 39 is con- . 
nected by a hinge or joint 40 to a pipe piece 40. By a 
?ange this pipe piece 41 is connected to a pipe piece 42 
passing through the wall 8. 
The operation of the device described is as follows: 
Assume that the lower space 9 of the reservoir 1 is 

entirely ?lled with a cold liquid cold-carrier, such as, 
for example, isopentane, having a temperature of, for ex 
ample, minus 130° C. The separating wall 8, which ?oats 
on the isopentane, is then located in the top part of the 
reservoir 1. Assume that a ship, loaded with, for example, 
lique?ed methane or natural gas having a temperature 
of about minus 160° C., arrives in a port where the reser 
voir 1 is located. The lique?ed methane or natural gas is 
now pumped out of the ship and is passed through ?uid 
supply 10 or 30 to the top space 11. At the same time 
the cold isopentane is withdrawn from the lower space 9 
through outlet 7 or 33 and is pumped into empty methane 
or natural gas tanks of the ship. This can be continued 
until substantially all the isopentane has been withdrawn 
from the lower space 9, so that the separating wall has 
reached or has about reached the bottom of the reservoir 
1, and until the top space 11 has been substantially ?lled 
with lique?ed methane or natural gas. The cold isopentane 
loaded into the ship is then transported to the location 
where the methane or natural gas is produced. The cold 
present in the cold isopentane is used in said location to 
liquefy for transport a new quantity of methane or nat 
ural gas. 
The lique?ed natural gas or methane stored in the res 

ervoir 1 has to be converted into the gaseous condition 
before it is consumed. During this conversion cold is lib 
erated, or, in other words, heat has to be supplied to the 
lique?ed natural gas or methane. This can be done by 
withdrawing through outlet ‘10 or 31 lique?ed methane 
or natural gas from the top space 11 and by passing the 
lique?ed methane or natural gas in heat-exchange with 
isopentane of about ambient temperature. Thus the iso 
pentane is cooled down and the methane or natural gas 
is gasi?ed. The isopentane cooled down in the above way 
is then passed through supply 7 or 32 into the lower space 
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9 of the reservoir 1. As more lique?ed methane or natural 
gas is removed from reservoir .1 to be gasi?ed, more cold 
isopentane is supplied to the lower space 9. The separat 
ing wall 8 is thus causes to raise, until it reaches about 
the top part of the reservoir 1. Then below the separating 
wall 8 cold isopentane is present and the reservoir 1 is then 
substantially completely ?lled with isopentane, lique?ed 
natural gas or methane no longer present above the sepa— 
rating wall 8. 
The reservoir 1 according to the invention can be used 

in substantialy the same Way in peak-shaving as mentioned 
above. 
Although in the method of using the reservoir accord 

ing to the invention as described above, only lique?ed 
methane or natural gas and the cold carrier isopentane 
have been mentioned, it will be clear that the reservoir can 
also be used for other lique?ed gases and/or cold car~ 
riers. Such other gases are, for example, butane, propane, 
ethylene, or oxygen. Other suitable cold-carriers are li 
quids which, at the temperatures of the liqui?ed gases to 
be stored, do not solidify or at least remain in pumpable 
condition. 
An important advantage of the reservoir according to 

the invention is this, that no separate reservoirs are neces 
sary for storing respectively the lique?ed gas and the cold 
cold-carrier, since a single reservoir can be used for stor 
ing both. 

It is remarked that the reservoir can also be located in 
the ground. It can, for example, be of the type having 
earth walls which are in frozen condition. The Walls of 
the reservoir located in the ground can be lined with a 
suitable lining, for example, made of aluminum, stain 
less steel, concrete, or a suitable plastic material. 
The horizontal separating wall 8 can be provided with, 

or be made of, a suitable heat-insulating material, for ex 
ample, a foamed plastic, such as foamed polyurethane. 

In the example discussed the cold-carried is present 
below the separating wall 8 and the lique?ed natural gas is 
present above the separating wall. The density of the cold 
carrier, which is isopentane, is 800 kg./m.3 and the den 
sity of the lique?ed natural gas is 450 kg./m.3. Therefore 
the separating wall 8 should have an average density of 
approximately 625 kg./m.3. This can be obtained by 
?lling the separating wall 8 with nitrogen gas to a pressure 
which equals the maximum possible pressure on the top 
of the separating wall 8, which occurs when the reser 
voir is completely ?lled with lique?ed natural gas, and by 
arranging the walls 14 at an appropriate vertical distance 
relative to each other. 
The nitrogen present in the wall 8 will reduce heat leak 

from the ?uid of higher temperature to the ?uid of lower 
temperature. 
The space 27 can be connected, if desired, by way of 

port 43 to a ?exible line 44 to the outside of said storage 
tank so that, if there is a tendency of leakage of lique?ed 
natural gas into the space 27, it is possible to pump lique 
?ed natural gas through said line into the space 27, thus 
reducing the pressure di?erence over the top sealing ring 
25. If there is a tendency of leakage from the cold-carrier 
side into the space 27, cold-carrier can be pumped through 
said line into space 27, which reduces the pressure dif 
ference over the sealing ring 26. If both sealing rings 25 
and 26 are leaking, the annular space 27 can be pressur 
ized with nitrogen gas, which reduces the pressure differ 
ence over the seal. 

Instead of a lique?ed gas, for example, lique?ed natural 
gas, it is also possible to store in the reservoir gas at low 
temperature and at a high pressure, so that the gas is in 
the so-called dense phase. 

I claim as my invention: 
1. A thermally insulated reservoir for storing a plu 

rality of separate ?uids comprising: 
an enclosed ?uid storage tank having a vertical wall 
member; 

a substantially transverse movable separating wall 
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member slidably engaging the inner surface of said 
vertical wall member in sealed relation thereto; 

said transverse movable wall member dividing said 
tank into upper and lower variable volume cham 
bers; 

a ?rst and a second port through the wall of said tank 
located at a point below the lowermost downward 
travel of said movable wall member; 

said ?rst port being in communication with said upper 
chamber below said wall member and the space 
outside the vessel; 

a third port through said movable wall member; and 
means for ?lling said upper chamber including ?exible 

conduit means in communication with said second 
and said third ports. 

2. The apparatus of claim 1 including: 
heat insulation means carried by said movable wall 
member coextensible with the major areal portion 
thereof. 

3. The apparatus of claim 1 wherein said movable Wall 
comprises a pair of spaced apart plates connected together 
to form an airtight chamber. 

4. The apparatus of claim 1 wherein the sealing en 
gagement of said movable wall with said vertical wall 
member comprises a pair of spaced apart rings secured 
to the periphery of said movable wall and slidably en 
gaging said vertical wall member; said rings, said vertical 
walls and said movable wall forming an annular cham 
her. 

5. The apparatus of claim 4 comprising means com 
municating with said annular chamber and an outside 
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space through which a pressurized ?uid may be intro 
duced. 

6. The apparatus of claim 3 wherein said airtight cham~ 
her is ?lled with a gas under pressure. 

7. The apparatus of claim '6 in which said gas is nitro— 
gen. 

8. The apparatus of claim 5 wherein said movable wall 
member is a heat insulating barrier between said upper 
and lower chambers. 

9. The apparatus of claim 8 wherein said movable wall 
comprises a pair of plates connected together in spaced 
relation to form an airtight chamber. 

10. The apparatus of claim 8 including a fourth and 
a ?fth port through the wall of said tank, said ?rst and 
said fourth ports forming an inlet and an outlet for said 
upper chamber; said second, said third ‘and said ?fth ports 
forming an inlet and an outlet for said lower chamber. 
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