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This invention relates to the storage snd
vaporization of liquefied gases. In one of its
more specific aspects it relates 10 2 method for
the storage of liquefied petroleum gases whereby
the liquefied gas is maintained at a yelatively Tow
temperature to facilitate storage. )

Because of their High vapor pressure at at=
mospheric temperature, liquefied gases siith "as
liquefied petroleum gases tequire high pressiire
storage vessels or low pressire insulated stotage
vessels plus refrigeration to keep the stored mas
terial in the liquid state until needed for iise
in the gaseous form. Investment in Storage
equipment and cost of vaporization of these

gases, particularly in large industrial and utility

company installations, are therefoie major iteitis
of expense.

One object of my inverition is to provide a loW
¢ost method of storage of such liquefied gases
using low pressure insulated tanks in place - of the
normally used high pressute uitinsulated vessels.

Another object of my invetition is to ‘Provide
for low pressure storage apparatus wherein the
vaporization unit permits uniformity i ‘quality

of yaporized gas frof ‘s mixtire of stored gases.

Still another object of fy invention is %o
provide a vaporization unit in eonjunetion with
the storage vessel whetein the sensible reat of
the stored liquid is utilized for its Vaporization.

Still other objects and advantages of my i«
vention will be apparent to those skilled in the
art from a careful study ‘of the following Qe
seription and drawing which respectively d&=
seribes and illustrates preferred embodimefits ot
my invention.

. In the drawing, Figure 1 illustiates one f6rm
of my storage and vaporization dpparatus par-
ticularly adapted to theé storage and vaporizd«
“tion of either individual Hydrocarons -of %
“tures of normally gaseous hydroearbons:

Tigure 2 illustrates a second -emboditent of
my invention which is especially adapted to the
storage and vaporizaticn of a Single liguefied
gaseous hydrocarbon. )

Referring now to the drawihg aiid éspesially
to Figure 1, a tank assembly If {s comnposed of
an inner steel shell or tank 2, and an exterior
insulation (3. The tank is equipped with fouf
inlet or outlet lines i4, 15, 16 and 26. Puinps
24 and 31 are for transfer of liquefied gas “while
g vaporizer 18 is used for transforming the lighe~
fied gas into its normally gaseous form, and

a pressure regulator 22 controls final outlet pres-.

sure. 19 and 21 are heat exchangers. )
In the operation of the embodiment of Figure
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1, 4 liquefied petroléurm €as sich as probaie or
buitarie or a mixture of these gasé Under Suffi-
cient pressute to insare thiat they are lquids at
existing temperature, May be puniped into THE
tank ‘asserably 11 through ah inlet linie 14 from
any sourcs, for exaimiple, & transport triék oF
tank car. Beequss of their High vépoi pressuié
if ‘these hydrocarboins are stored ab atiiospheric

‘temperature thick walled high préssuré vessels

are required. I propose to cool these high vapor
pressure liquids so that they may be stored &t
tonsiderably lower pressuies.

In relatively lafge instéllations, such as ie-
quited by public utilities or in industrial instal-
lations, considetable heat 13 gbgorbed, of ton-
vérsely, considerable cooling is available when
these liguefied gases are vaporided for plant of
utility dse. T make tisé of this available ‘Gooling
for ‘msintaining the ligiiefied gas in the storage
bunk 14 at a low temperature. )

It utility and industrial iristallations liquefizd
pas is most always coftinuotisly removed, va-
potized and pasSed to tie gas mains for trams-
portation to points of consuinption, and ‘¢goling
{s therefore néarly always available. For trans=
fer t0 @ gas main, as for example line 40, liquid
1§ passed through an butlet litie 16 ‘and through
g lifie 11 to a vaporizer 18. From this mhecha=
filsm the hydroearbon which is codled in the
vaporization §tep through vaporizer 18, basses o1
tiffough lime (7 ifito orie end of the hédt éx-
¢harigar 19, out the opbosité énd and through the
auxilisry hedter 21, 1iié 23 and pressuie regli-
IHter 22 and finally iiito thé gas miain 40.
_An additional and rélatively large guantity of
ligiiefied gas is Wwithdrawn Irom the &torage
vessel {1 through the outlet line 8, and under
pressure from a pump 94 passes on through &
line 25 through the heat exchanger {9 in in-
direct heat exchange with the above meéntioned
cooled gas, and through a tramsfer lihe 26, 19
passed back into the storage tank 1. Ir this
fishner sensibie hedt froin the Iidquefisd gas
passing through the éxchanger 19 from line 25
fjurnishes heat for the evaporation of the ligie-
fied gas passing through tlie eék¢hanger from
evaporator 1§ and line 17, Liquid then emerg-
inhg froin thé éxchanger in 1ihé 26 Las beéh cooled.
and this cooled liquid then passés on into the
main storage vessel if. E

By continudusly operatinig in this manner thé
body of liquid in vessel {1 is appreciably cooled
and since the vessel is intended to be Well in-
sulated the liquid, once cooled, will remain cool
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for considerable periods of time even during
warm summer days.

Since the latent heat of evaporation of a com-
pound or mixture of compounds is so much
greater than the specific heat of the correspond-
ing material, I have found that by operating
a system in the manner just described, the lique-
fied gas in storage may be cooled to quite a low
temperature and maintained at that low tem-
perature with comparative ease.

I have further found especially under heavy

10

vaporization load conditions that the liquid in -

the storage vessel may be cooled to such an ex-
tent that the stream passing through line 25 to
the exchanger 19 will not contain sufficient
sensible heat to complete the vaporization of
the material passing through line I7 into the
exchanger. Under these conditions line 20 may
then contain some vapor or gas and some liquid
and to complete the vaporization I have provided
the auxiliary heat exchanger 21. T am able to
use hot water or steam as a hot heat exchange
medium for passing from line 38 into this latter
exchanger and out through line 39. By supply-
ing extraneous heat in this manner the hydro-
carbon gas passing from this exchanger in line
23 is fully vaporized and ready for pressure re-
duction to gas main pressure in the regulator 22.

In the event that it is desired to maintain the
bressure and temperature of the product in the
storage vessel i1 as low as possible or near to the
normal boiling point of the hydrocarbon stored,
it may then be necessary to operate a pump 3
by closing valve 32 in line |7 and opening valves
33 and 34. Under these conditions liquid from
tank 11 will pass through line {6, line 38, valve 33,
pump 31, valve 34 and line 35 into the regulator
or vaporizer {8 and exchangers {9 and 2§ for
complete vaporization. It will, of course, be nec-
essary under such conditions to supply that
amount of heat not supplied from the sensible
heat of the product in storage by steam or hot
water through the connections 38 and 28 on the
exchanger 2 in order to secure final and com-
plete vaporization of the gas prior to passing
through the regulator 22 into the gas main.

In order to handle varying requirements for
gas from the system the back pressure regulator
22 is used to permit flow of gas from the ex-
changer 21 to the gas main 40 as the pressure on
the downstream side of regulator 22 tends to de-
crease. In this manner pressure on the system
upstream of this regulator is accordingly held
at least 10 to 20 pounds per square inch greater
than on the downstream side. When using reg-
ulator 22 with pump 31, an excess of liquid hydro-
carbon builds up between pump 31 and said reg-
ulator. The excess hydrocarbon liquid will enter
the recirculation system through line 36.
this excess liquid put out by pump 3! will merely
pass through line 38, regulator 37, line 25, ex-
changer 19, line 26 into the storage vessel 1.

Regulator 31 may be set at a pressure 10 to 20
pounds per square inch greater than the setting
of regulator 22 so that there will always be a
potential supply of liquefied gas ready to be
vaporized for passage into the gas main 40.

In case the liquefied petroleum gas in storage
tank i1 is one individual hydrocarbon, as for ex-
ample, butane or propane, then the apparatus
illustrated in Figure 2 of the drawing may be used.
Under these special conditions it may well be
advaniageous to use this flow plan since such ap-
paratus is very simple, and less expensive to in-
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stall and to operate than the apparatus of Fig-
ure 1.

When employing a single hydrocarbon, there
cannot be a change in composition of the liquefied
gas during evaporation from a body of the liquid.
Thus, the liquefied gas may be transferred ifrom
a tank car or transport truck, not shown, through
a line 59 into a storage tank 51. This tank may
be similar in all respects to tank §1 of Figure 1,
and may be composed of steel walls 52 and a layer
of insulation §3. An auxiliary tank or evaporator
94 may be of similar construction as tank 5i and
aceordingly composed of steel wall 55 and insula-
tion 56.

A line 57 conveys liquefied gas from storage
tank 5t into the evaporator tank 54. A liquid level
controller device is installed as shown to operate
a valve 58 for maintenance of a desired liquid
level in the evaporator. A line 59 is adapted to
convey liquefied gas from evaporator 54 to the
storage tank 51 by action of a pump 68. A line
6( leading from the top of the evaporator 54 con-
ducts vaporized hydrocarbon from the vapor
space in said evaporator to a back pressure reg-
ulator 62 which discharges the gas at a lower
bressure to a gas main 63 for transportation to
points of distribution or use.

In this embodiment the pump 68 operates at
substantially a constant capacity and circulates
liquid from the evaporator 54 to the storage tank
81. As the liquid level in the evaporator drops
below a predetermined point, the liquid level con-
troller operates to open valve 58 and permit entry
of liquefied gas from vessel 5i. As the pressure
in the gas main drops below a predetermined
gas main pressure, the back pressure controller
62 opens and permits passage of gas from the
vapor space in the evaporator 54 through line 61
into the gas main 63. When pressure in the
vapor space in the evaporator 54 decreases below
a certain point the liquid boils until the pressure
increases sufficiently to cause an increased gas
flow through line 61 into the gas main. Then
at a time when the gas main pressure reaches a
predetermined value the regulator 62 closes and
flow through line 61 stops.

The evaporation of liquid in the evaporator 54
absorbs latent heat of evaporation and accord-
ingly cools the liguid remaining in the evaporator
so that it is cooled liquid which is pumped through
line §9 back into the storage vessel 5i. In this
manner the stored liguid in vessel 5! becomes
cooled and remains cool so that its vapor pres-
sure or storage pressure is relatively low, and &
less expensive storage vessel may be used.

In either embodiment, once the liquid is cooled,
in large installations or in any installation where-
in there is withdrawal of sufficient gas to main-
tain the remaining stored liquid well cooled, then
the storage vessels may be of the less expensive
low pressure type.

A Turther advantage of my invention is that a
major part of the heat for the evaporation of the
liquid is furnished by the sensible heat of the re-
maining stored liquid.

The tanks if and 5{ may be of any shape or
form desired, and of any construction desired.
They need only to withstand such pressure as
results from the liquefied gas as after being cooled
according to my invention. The tanks {{ and 5(
and the evaporator 54 of Figure 2 should be well
insulated and such type of insulation is well
known in the liquefied petroleum gas industry.

75 The pumps used herein may be any type de-



sired, and may be selected from among those
commerclally avallable. as long as they are ca-
pable of transferrmg cooled liquefied petroleum
gases in a satisfactory and economic manner.

The pressure reducer 371 and the pressure re-
ducer vaporizers 18 of Fxgure 1 and the back
pressure regulators 22 of Figure 1 and 62 of Fig-
tire 2 may likewise be selected from among those
commereially available -and- suited to the -prob-
lem at hand.
~ In like manner t;he exchangers 19 and 21 of
Figure 1 may be: selected from among those avail-
able to perform such heat exchange as necessary.
Likewise, hot water or steam or other heat ex-
c¢hange medium may be selected as desired for
use in the exchanger 21 of Figure 1.

This invention is applicable, not only to the
storage of propane or butane or mixtures of these
as mentioned hereinbefore, but may also be used
for the storage and vaporization of methane,
ethane, as well as propane and butane, and the
e¢orresponding olefins and ‘diolefins, as well as
fnixtures containing practical combinations of
these ‘gases. .

Valves, safety valves, controllers and other
aukiliary devices-a$ might be deemed useful by
those skilled in the art have ‘been omitted for
purposes of simplicity. ©Only those essential have
been ‘shown. '

It will be obvious to those skilled in the art that

many alterations and -variations of my inven-
tion may be made and yet remain within the in-
tended spirit and scope of my invention.

Having disclosed my invention, I ¢laim:

1. A method for storing-and dispensing lique-
fied gases in a gas dispensing system which com-
prises withdrawing a portion of -said liquefied gas
from the lower portion of a storage vessel and
passing said portion to a heat exchange zone;
vaporizing a first portion of said liquefied gas
therein: removing said vaporized first portion
from said heat exchange zone and passing it to
a distribution zone; removing an unvaporized
second portion from said heat exchange zone;
mechanically maintaining said second portion
under pressure; and returning said second portion
to the upper portion of said storage vessel.

2. A method for storing and dispensing lique-
fied gas in a gas dispensing system which com-
prises withdrawing a first portion of said liquefied
gas from a storage vessel and vaporizing said
portion; withdrawing a second and larger portion
'of liquefied gas from said vessel and mechanically
‘maintaining said second portion under pressure;
passing said second portion of liquefied gas in
heat exchange relation with said vaporized first
portion in a heat exchange zone, whereby said
second portion is cooled; passing said vaporized
portion to a gas distribution zone; and returning
said second liquefied gas portion to the upper
portion of said storage vessel.

3. A method of storing and dispensing liquefied
petroleum gas in a gas dispensing system which
comprises withdrawing a first portion of liquefied
petroleum gas from a storage zone; passing said
first portion of liquefied gas through a pressure
reducing zone to a primary heat exchange zone;
withdrawing a second portion of liquefied petro-
leum gas from said storage zone; passing said
second portion of liquefied petroleum gas under
mechanical pressure through said primary heat
exchange zone in indirect heat exchange with
said first portion of liquefled petroleum gas,
whereby said second portion is cooled; returning
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said second portion to the uppéf portion of sald-
storage zone; passing said first gas portion
through an auxiliary heat exchange zone in ins
direct heat exchange with a hot fluid heat ex=-
change material wherein additional vaporization
of said first portion of liquefied gas is -accom=
plished; and passing said vaporized gas portion
through a pressure control zone to a gas distribu=
tion zone.

4, A method of storing and dispensing hqueﬂed
petroleum gas in a gas dispensing system which
comprises withdrawing a first portion of liquefied
petroleum. gas from a storage vessel; passing said
first portion of liquefied gas through a pump,
whereby pressure is maintained on said first
portion; withdrawing a second portion of $aid
liquefied gas from said storage vessel; pumping
said second portion under pressure into a primary
heat exchanger; passing a first portion of said
first liquefied gas portion through a pressure re=
ducer vaporizer and through said primary heat
exchanger in indirect heat exchange with-said see«
ond portion of liquefied gas; passing a second
portion of said first liguefied gas portion through
a pressure regulator into said second liquefied
gas portion; passing said second liquefied gas por=
tion through said heat exchanger and returning
said portion to the upper portion of said storage
vessel; passing said first gas portion through an
auxiliary heat exchanger in indirect heat ex-
change with a hot fluid heat -exchange material,
wherein additional vaporization of said first por=
tion of liquefied gas is accomplished; and pass<
ing-said vaporized gas portion through a pressure
regulator to a gas distribution zone.

5. A method for storing and dispensing lique-
fied petroleum gas in a gas dispensing system
which comprises withdrawing a portion of said
liguefied gas from a storage vessel and passing
said portion to a heat exchange zone; maintain-
ing a predetermined liquid level in said heat ex-
change zone; vaporizing a first portion of said
liquefied gas therein; removing an unvaporized
portion from direct heat exchange relation with
said vaporized portion in said heat exchange zone;
mechanically maintaining said second portion
under pressure and returning it to the upper por-
tion of said storage vessel; and passing said
vaporized portion through a pressure control zone
to a gas distribution zone.

6. A liquefied gas storage and dispensing sys-
tem comprising an insulated storage vessel; a pri-
mary heat exchanger; a first conduit communi-
cating between the lower portion of said storage
vessel and said primary heat exchanger; a second
conduit communicating between the lower portion
of said storage vessel and said primary heat ex-
changer: a pump disposed in said first conduit in-
termediate its ends; a pressure reducer vaporizer
disposed in said first conduit intermediate said
pump and said primary heat exchanger; a sec~
ond pump disposed in said second conduit inter-
mediate its ends; a third conduit communicating
between said first conduit, intermediate said
pump and said pressure reducer vaporizer and
said second conduit, downstream of said pump; a
pressure regulator disposed in said third conduit
intermediate its ends; a fourth conduit com-
municating between said primary heat exchanger
and the upper portion of said storage vessel,
adapted so as to convey fluid from said second
conduit to the upper portion of said storage ves-
sel; an auxiliary heat exchanger; a fifth conduit
communicating between said primary heat ex-
changer and said auxiliary heat exchanger,
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adapted so as to convey fluid from said first con-
duit to said auxiliary heat exchanger: a heating
material inlet and outlet in said auxiliary
heat exchanger; a sixth conduit communieating
between said auxiliary heat exchanger and a gas
disposal point, adapted so as to convey gaseous
fluid from said fifth conduit to a gas disposal
point; and a pressure regulator disposed in said
sixth conduit intermediate its ends.

~ T. A liquefied gas storage and dispensing sys-
tem comprising an insulated storage vessel; a
primary heat exchanger; a first conduit commu-
nicating between the lower portion of said storage
vessel angd sald primary heat exchanger; a pres-
sure reducer vaporizer disposed in said first con-
duit intermediate its ends; a second conduit com-
munijcating between the lower portion of said
storage vessel and said primary heat exchanger;
a pump disposed in said second conduit interme-
diate its ends; a third conduit communicating
between said primary heat exchanger and the
upper portion of said stcrage tank, adapted to
convey fluid from said second conduit to the
upper portion of said storage vessel; an auxiliary
heat exchanger; a fourth conduit communicating
between said primary and auxiliary heat ex-
changers, adapted sc as to convey fluid from said
first conduit to said auxiliary heat exchanger; a
heating material inlet and outlet in said auxiliary
heat exchanger; a fifth conduit communicating
between said auxiliary heat exchanger and a gas
disposal point, adapted so as to convey gaseous
fluid from said fourth conduit to a gas disposal
point; and a pressure regulator disposed in said
sixth conduit intermediate its ends.

8. A liquefied gas storage and dispensing sys-
tem comprising an insulated storage vessel; heat
exchanger means; conduit means communicating
between the lower portion of said storage vessel
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and said heat exchanger means; g second conduit
means communicating between said heat ex-
changer means and a gas disposal point; & press
sure regulator disposed in said second conduit
means intermediate its ends; a ‘third conduit
means communicating between said heat ex-~
changer means and the upper end of said storage
vessel, adapted so as to convey liquid from said
heat exchanger to the upper portion of said stor-
age vessel; and pump means adapted so as to
maintain pressure on liquid reecycled from said
heat exchanger to said storage vessel.

9. A liquefied gas storage and dispensing sys-
tem comprising an insulated storage vessel; a
heat exchange vessel provided with a liquid level
control means; a first conduit communicating
between the lower portion of said storage vessel
and. said heat exchange vessel; a flow control
valve provided in said first conduit and communi-
cating with said liquid level control; a second
conduit communicating between the upper por-
tion of said heat exchange vessel and a gas dis-
posal point; a pressure regulator provided in said
second conduit intermediate ifs ends; a third con-~
duit communicating between the lower portion of
said heat exchange vessel and the upper portion:
of said storage vessel; and a pump provided m
said third conduit intermediate its ends.
GEORGE R. BENZ.
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