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This invention relates to the storage of lique 
ñed gases. In one of its more speciilc aspects it 
relates to a method for the storage of liquefied 
petroleum gas. 
Because of their high vapor pressure at atmos 

pheric temperature, liquefied gases such as hq 
uid propane require high pressure storage ves 
sels or lower pressure vessels thermally insulated 
and their contents kept cool by some type of ar 
Atiñcial cooling. Large size or large capacity` re 
frigeration units are frequently used 1n an at 
tempt to maintain low pressure storage through 

Even in large L. P. G. (lique 
iied petroleum gas) installations such as required 
by utilities, the amount of refrigeration required 
for simple storage purposes is not large. This 
fact is yoccasioned by eilicient insulation of the 
storage tanks. 
Maximum refrigeration loads occur at times 

when tank car or transport truck quantities of 
liquefied gas are transferred to the storage tanks. 
A large quantity of warm liqueñed gas may warm 
the tank and its small volume of remaining liq 
uid to such a temperature that the correspond 
ing vapor pressure may be too high for safe stor 
age. The liquid then should be cooled prior to 
transfer to storage. A refrigeration unit suñîl 
ciently large to cool a tank car of liquid propane 
from say 100° F. to a desired storage temperature 
of say 0° F. during a normal unloading period of 
time would be greatly oversize for temperature 
maintenance merely for storage. Since a refrig 
eration unit is a type of equipment which is quite 
expensive it is desirable to use as small a unit as 
possible. By the application of my invention I 
am able to use a relatively small refrigeration 
unit to serve the two-fold purpose of temperature 
maintenance in storage and cooling during un 
loading. 
For practicingthe process of my invention I 

use a refrigeration unit of a size slightly larger 
than that required for merely temperature main 
tenance and store up the excess refrigeration for 
use during occasional L. P. G. unloading periods. 
One object Y of my invention is to provide a 

method for the low pressure storage of liquefied 
ases. 
g Another object of my invention is to provide a 
method for the low pressure storage of liquefied 
petroleum gases such as propane. 

~ Another object of my invention is to provide an 
. apparatus and a method of operation of this ap 
paratus for the low pressure storage of liquefied 
petroleum gas. y , 

Yet another object of my invention is to Pro 
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vide a refrigeration storage unit to operate in 
conjunction with a refrigeration apparatus for 
use in cooling liquefied petroleum gas during un 
loading times as well as for normal cooling of 
the liquid in storage. 
Other objects and advantages of my invention ' 

will be apparent from a study of the following 
description and drawing which respectively de 
scribes and illustrates a preferred embodiment 
of my invention. 
The ligure is in part a. diagrammatic sectional 

elevation of a preferred form of the apparatus 
of my invention. 
Referring to the drawing, a liquefied petroleum 

gas storage tank I is covered with a thick layer 
of insulation 2. This storage vessel may be ver 
tically disposed, as shown, or may be horizontally 
arranged if desired. The tank has an upper va 
por outlet line 3 and a lower drainage line 4. A 
side outlet line 5 is located in the tank at such a 
point as to permit withdrawal of liquid from the 
tank at a point at least some distance from the 
bottom. A return line 6 is located at any desired 
point butA preferably at some distance from the 
vapor outlet pipe 3. _ ‘ 

A brine or other solution tank I2 is also covered 
with a thick layer of insulation. Disposed in the 
lower portion of this tank is a coil Bone end of 
which is joined to a line 'I which in turn is joined 
with pipes Sand II, as shown. The other end of 
the coil 8 connects with a line 9 and this line 
serves as an inlet to a pump I0, while the tank 
inlet pipe 6 serves to convey fluid from the pump 
into the tank I. 
In the upper portion of the brine tank I2 is 

disposed a coil I4 the ends of which are con 
nected tosome lines I5 and I8 by connecting 
pipes or tubes I1 and I8, respectively. Line I8 
carries a motor valve I9 which is adapted to op 
erate according to the temperature within the 
tank I2. A thermostat 20 is located in the tank 
as shown and is adapted through a ‘controller 
mechanism 2| to cause the valve I9 to open and 
to close. When the temperature within the tank 
I2 rises to above a predetermined value the ther 
mostat 20 causes controller 2| to open the valve 
I9, and the valve closes when the temperature in 
the tank drops below a predetermined value. 
The storage tank I is also equipped with a 

series of coils 22 the ends of which are connected 
to the pipes I5 and I6. In a manner similar to 
that given for tank I2, the tank I is equipped 
with a thermostat 23 which is adapted to operate 
through a controller mechanism 35 to open and 
to close a valve 24 in line Il. » 
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The lines I5 and I6 are adapted to carry a re 
frigerant material, line I6 carrying the liquid 
refrigerant and line I5 being the return line. A 
compressor 25 is adapted to compress the gaseous 
refrigerant while in condenser 26 the compressed 
refrigerant is cooled and condensed. Connec 
tions 21 and 28 carry coolant to and from the 
condenser 26. 
Someanchors 29 are adapted and arranged to 

ilx the coils 8 and the coils I4 against movement 
and to steady them against vibration. In addi 
tion the anchors hold the coils against any buoy 
ant effect occasioned bythe presence of ice in 
case the tank I2 contains a. water solution. 
In the operation of my apparatus the com 

pressor 25 and the cooler or condenser 26 are 
operated for a period of time to circulate a re 
frigerant through lines I6, I8, expansion valve I9. 
coil I4, and return lines I1 and I5. On passage 
through the expansion valve I9, cooling occurs 
and this cooling is transferred from coils I4 to 
water, or a brine solution or other liquid “cold” 
storing medium 30. Water >may be used for this 
purpose When it is desired to store the liquefied 
gas at temperatures about 35° F. or higher. When 
the heat exchange medium 30 in tank I2 has been 
sui‘llciently cooled then the system is in condi 
tion to receive a car of liquefied gas for storage. 
For unloading a car of liquefleld gas, a valve 

3| in line I6 just ahead of the expansion valve 24 
is opened and refrigerant passed through the eX 
pansion valve 24, cooling coil 22 in the storage 
tank I. The source of liquid is connected with the 
inlet line II, and the inlet valve 32 opened, a 
valve 33 in line 'I is opened and liquefied gas under 
tank car pressure ilows through the lines II, 1, 
coils 8, line 9, and through pump I0 and line 
6 into the storage tank I. Pump I0 may be turned 
on at any desired time. 
As liquefied gas from the tank car flows through 

the coil 8 in the chilling tank I2, the liquid be 
comes cooled and is passed in this condition into 
the storage tank I. With refrigerant in the 
storage tank coil 22 the liqueñed gas entering the 
storage tank I is maintained in a cooled condi 
tion, Thus with the refrigeration reservoir in a 
fully chilled condition, I am able to unload a tank 
car of liquefied petroleum gas in _a relatively 
short time. 

After a. car of the liquefied gas has been unload 
ed into the storage tank I, not much refrigera 
tion is required to keep it in a sufficiently cooled 
condition. Thus for maintaining the liquefied 
gas at a predetermined low temperature, it is 
merely necessary to open a valve 34 in line 5, 
and the valve 33 in line 1, with valve 32 in line 
II of course closed and by means of pump Ill cir 
culate the liquid from the storage tank through 
the cooling coil 8 and back to the storage tank. 
As mentioned hereinbefore, to maintain the 

liquefied gas, once cooled, in the cooled condition 
requires a relatively small amount of refrigera 
tion, and this consideration is the main factor in 
determining the size of refrigeration unit (com 
pressor 25condenser 26) to install. I use a com 
pressor 25condenser 26 just slightly larger in 
capacity than that required for temperature main 
tenance and I operate this refrigeration at ca 
pacity and in do doing am able to impart sufficient 
chilling to the solution 30 to cool the liqueñed gas 
circulating in coils 8 and to cool the solution 30 
to a sufficiently low temperature for cooling 
liquefied gas during unloading times., 

'I'he capacity of the brine tank I3 is so de 
signed that the liquid 30 therein can store up 
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sufficient cooling for tank car unloading purposes. 
And similarly the size and capacity of the refrig 
eration unit is so selected that it can maintain 
the liquefied gas in storage at a desired tempera 
ture and simultaneously cool the liquid 30 in the 
brine tank I2 so as to have sufficient cooling in 
storage for tank car unloading purposes. 
The brine or other solution in the tank I2 may 

become frozen in part or entirely during the re 
frigeration storing up period. If water solutions 
such as salt and water, or calcium chloride and 
water or another salt solution is used, the water 
may freeze and if continued for a sufdciently long 
period the entire brine or salt solution may freeze. 
Under these conditions rather large amounts of 
refrigeration can be stored and yet be readily 
available. If> such a material as ethylene glycol 
or the like is used, and freezing occurs, the frozen 
mass will be slushy at first and will not harden 
until after its temperature has been decreased to 
quite an appreciable extent. Under this condi 
tion then a large amount of refrigeration is in 
storage. 

Conventional procedure is to use a large size re 
frigeration' unit corresponding to 25--26, in fact 
one which is suiliciently large for temperature 
maintenance purposes (in tank I) and at the 
same time to cool propane being unloaded, It 
will be obvious to those skilled in the art that 
without my herein disclosed refrigeration storage 
an excessively large amount of refrigeration is re 
quired during unloading times in order to unload 
î. car of liquid propane in a reasonable length of 
ime. 
Demurrage payments on tank cars is an addi 

tional consideration in favor of my refrigeration 
storage for rapid tank car unloading. Further, 
overtime labor required for night unloading, runs 
up costs when my storage system is not used. 
From vapor pressure data of propane it is ob~ 

víous to those skilled in such art that by storing 
at low temperatures, low pressure tanks may be 
used. At 100° F. propane has a vapor pressure of 
about 184 pounds per square inch, at 32° F. its 
vapor pressure is about 68 pounds per square inch, 
and at 0° F. its vapor pressure is about 39 pounds. 
From these ñgures it will be obvious that much 
lighter steel can be used in making the storage 
tank I for storing propane under 39 pounds pres 
sure than for storage under 184 pounds pressure. 
When installing storage tanks sufliciently large 
to hold from 11/2 to 21/2 tank cars capacity, the 
cost of such tanks for high pressure storage is ex 
cessive. 
For the storage liquid 30 in tank I2, I may use 

water in case storage in tank I is desired to be 
about 35° F. For lower storage temperature a salt 
water brine, or a calcium chloride brine, or an 
ethylene glycol-water mixture may be used. The 
particular material to be used may be selected 
from among many available depending upon con 
ditions of a given installation. 
The refrigerant to use in the refrigeration cir 

cuit may be ammonia, or ethane or even propane, 
or any other material desired. If using propane 
from the storage system for use in the refrigera 
tion circuit provision will probably need be made 
for making certain the propane is dry from mois 
ture, or of “refrigeration grade.” 
The type of compressor 25 and condenser 28 

may be selected from among those commercially 
available. The thermostats 20 and 23, and their 
auxiliary apparatus, such as controllers 2l and 
l5, and motor operated expansion valves I8 and 2l 
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may be selected from standard equipment from 
equipment supply houses. 
The kind and method of application of ' the 

insulation 2 and I3 applied to tanks I and I2 may 
be any type desired, as long as it is suitable for 
the purpose at hand. The pump I 0 need not be 
special, but may be obtained commercially from 
supply houses selling such equipment. 
Valves and other auxiliary equipment have not 

been shown for purposes of simplicity but the 
use of such equipment will be readily understood 
by those skilled in the art. 

It will be obvious to those skilled in such art 
that many variations and alterations of my broad 
idea may be made without departing from the in 
tended spirit and scope of my invention. 
Having disclosed my invention. I claim: 
1. A liquefied gas storage system comprising a 

storage tank having an outlet; a refrigeration 
reservoir; a first conduit commuicating at one 
end with said storage tank circuitously passing 
through said refrigeration reservoir and commu 
nicating at its downstream end with said storage 
tank; a pump in said first conduit downstream of 
said refrigeration reservoir; a second conduit cir 
cuitously passing through said storage tank and 
being joined at its .ends by a condenser, said con 
denser being adapted for the passage of coolant 
therethrough; a compressor in said second con-_ 
duit upstream of said condenser; a third conduit 
communicating with said second conduit at a 
point downstream of said condenser, circuitously 

‘ passing through said refrigeration reservoir and 
communicating at its downstream end with said ' 
second conduit at a point upstream òf said com 
pressor; a valve in said third conduit upstream of 
said reservoir; thermostat means within said 
reservoir; control means adapted so as _to operate 
said valve in said third conduit in accordance 
with temperature change in said reservoir; a 
valve in said second conduit downstream of said 
condenser; thermostat means 'in said storage 
tank; control means adapted so as to operate 
said valve in said second conduit in accordance 
with temperature change in said storage tank; 
and an inlet conduit communicating with said 
first conduit upstream of said reservoir. 

2. A liquefied gas storage system-adapted- for 
the storage of. said liquefied gas at a temperature 
below atmospheric and at a correspondingly 
lower pressure, adapted for said lower tempera 
ture storage during periods of adding liquefied 
gas to increase the Volume of liquid in storage, 
comprising a liquefied gas storage tank; refriger 
ation reservoir means: first conduit means passing 
through said reservoir means to said storage tank; 
third conduit means for adding liquefied gas to 
said first conduit means; second conduit means 
extending between said storage tank and the inlet 
end of said first conduit means; and refrigeration 
means in direct heat exchange with said refrigera 
tion reservoir means and said flrst conduit means. 

3. A method for maintaining stored liquefied 
gas in a cooled condition in a storage system dur 
ing periods oi' addition of liquefied gas, at sub 
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stantially atmospheric temperature, to said cooled 
liquefied gas in storage which comprises passing a 
refrigerant in indirect heat exchange with said 
liquefied gas in storage; passing a portion of said 
refrigerant in indirect heat exchange through a 
refrigeration reservoir zone; and passing addi 
tional liquefied gas in indirect heat exchange 
through said refrigeration reservoir zone into said 
storage. r 

4. The method of claim 3 wherein the liqueñed 
gas is a liquefied petroleum gas. ~ 

5. A method for maintaining a liquefied gas in 
a cooled condition in a storage system during and 
after addition of liquefied gas to said system which 
comprises passing a refrigerant in a first indirect 
heat exchange with said liquefied gas in storage; 
controlling the flow of said refrigerant in said first 
heat exchange in accordance with temperature 
change _within said storage; passing a portion of 
said refrigerant in a second indirect heat ex 
change through a refrigeration reservoir zone; 
controlling the flow of said refrigerant in said 
second heat exchange in accordance with tem 
perature change in said refrigeration reservoir 
zone; passing additional liquefied gas in indirect 
heat exchange through said refrigeration reser 
voir zone into said storage; and after said addi 
tion of liquefied gas cycling a portion of said 
liquified gas from storage in indirect heat ex- ' 
change through said refrigeration reservoir zone 
and back to said storage. 

6. A method for maintaining a> liquefied gas in 
storage in a cooled condition during periods of. 
addition of liquefied gas from a transportation 
source, at substantially atmospheric' tempera 
ture, to said cooled liquefied gas in storage, com 
prising maintaining a first liquefied gas in storage 
in a cooled condition by passing a major portion 
of a stream of refrigerant in indirect heat ex 
change with said first liquefied gas in> storage; 
passing a minor portion of said stream of refrig 
erant during an extended period of time in In 
direct heat exchange relation with a refrigeration 
storage zone, whereby said refrigeration storage 
zone becomes cooled; passing a second liquefied' 
gas from said transporation source in indirect 
heat exchange relation with said cooled refrigera 
tion storage zone, whereby said second liquefied 
gas becomes' cooled; and passing said cooled 
second liquefled gas into the main body of cooled 
ñrst liquefied gas in storage. 

7. The method of claim 6 wherein the liquefied 
gas is a liquefied petroleum gas. 
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