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UNITED STATES 

2,157,103 

PATENT OFFICE 
2,157,103 

APPARATUS FOR AND METHOD OF OPER 
ATING CASCADE SYSTEMS 

George H. Zenner, Kenmore, N. Y., assignor to 
The Linde Air Products Company, New York, 
N. Y., a corporation of Ohio 

Application June 24, 1936, serial No. 86,954 
15 Claims. 

This invention relates to apparatus for and 
method of operating a cascade System having but 
One set of transfer vessels arranged in parallel 
for transferring material, volatile at normal at 
mospheric pressure, from a region of relatively 
low pressure to a region of relatively high pres 
Sure, and more particularly to an arrangement 
and method of operation using a single pair of 
transfer vessels for transferring a precious vola 
tile liquid, such as liquid oxygen, liquid nitrogen, 
certain liquefied hydrocarbons, and the like, from 
a storage vessel to a receiving device at a desired 
high preSSure. 
The invention has for its object generally an 

improved construction of and mode of operation 
for cascade systems of the character indicated, 
whereby a simplification of necessary parts is ef 
fected and the number of operating steps re 
duced, in order to obtain lightness in weight anti 
celerity of operation. 
More specifically, it is an object of the inven 

tion to provide a cascade system with duplicate 
transfer vessels operating in parallel but simpli 
fied to avoid series and croSS-equalization con 
nections between transfer vessels and the steps 
incident to the effecting of condensations of ma 
terial from the gas phase into the liquid phase 
through such connections. 
Another object is to provide a cascade System 

of the character indicated with an improved cycle 
of operating events whereby a relatively large vol 
ume of a volatile liquid may be passed from a 
supply vessel to a receiver or vaporizer in a rela 
tively short period of time with desired correla 
tion of the flow of material in the gas and liquid 
phases without the provision of elaborate con 
tol apparatus. 

Still another object is to provide an improved 
arrangement for Systems of the character indi 
cated whereby the blowdowns incident to the be 
ginning of any cycle of charging and discharging 
a selected transfer vessel may be completed before 
final discharge of liquid from another such vessel 
When discharging liquid, thereby reducing the 
time required for operation of the system and 
increasing the capacity thereof. 

Still another object is to provide a system of 
the character described with an improved heat 
eXchanging device disposed in the liquid phase 
withdrawal connection and constructed to have a 
gas pass and heat storage arrangement whereby 
the refrigeration of the liquid may be more ef 
ficiently utilized and retained in the system in 
Order to reduce the amount of losses incident to 
the blowdown. 

(C, 62-1) 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
The invention accordingly comprises the Sev 

eral steps and the relation of one or more of Such 
steps with respect to each of the others, and the 
apparatus embodying features of construction, 
combinations of elements and arrangement of 
parts which are adapted to effect such steps, all as 
exemplified in the following detailed disclosure, 
and the scope of the invention will be indicated 
in the claims. 

For a fuller understanding of the nature and 
objects of the invention reference should be had 
to the following detailed description taken in 
connection with the accompanying drawings, in 
which: 

Fig. 1 is a view partly in section and partly in 
elevation showing a cascade system having dupli 
cate transfer vessels adapted for the transfer of 
liquid oxygen provided in accordance with the in 
vention. 

Fig. 2 is a view similar to Fig. 1, but showing a 
modified arrangement of apparatus; 

Fig. 3 is a view, mainly in vertical section, 
showing a regulator for accomplishing throttling 
in accordance with the invention; 

Fig. 4 is a view partly in section and partly in 
elevation showing details of a heat exchanging 
or regenerative device of the character shown in 
Figs. 1 and 2; 

Fig. 5 is a fragmentary view showing as a top 
plan the features of an end of the device shown 
in Fig. 4; and 

Fig. 6 is a vertical cross section through a mod 
ified form of heat exchanging device adapted for 
use in accordance with the invention. 
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A cascade System which is adapted to transfer 
a precious volatile liquid, such as certain liquefied 
hydrocarbons, liquid oxygen, liquid nitrogen, and 
the like, is described generically in United States 
Patent No. 2,035,399, issued March 24, 1936 in the 
name of J. J. Murphy, as a System of communi 
cable vessels which receive and effect the counter 
current passage of such material in the gas and 
liquid phases by stages in Such a manner that 
the liquid phase is advanced from a region of 
low pressure to a region of high pressure. Advan 
tage of the countercurrent passage of material in 
the gas and liquid phases is taken to effect con 
densations of the material from the gas phase 
into the liquid phase So that losses incident to 
blowdown at the inception of a cycle of operation 
may be reduced to substantially any desired ex 
tent. Time is, of course, required for the gaseous 
material to be passed in heat exchanging relation . 
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2 
with the liquid, the liquid being retained at some 
stage in a relatively stationary position while the 
condensation takes place, connections for the ves 
sels being provided to accommodate the liquid 
and the gas passage in such stage. 
In the practice of the present invention, the 

apparatus is simplified by avoiding the use of a 
Series of transfer vessels with the incident equal 
izing connections whereby a relatively light and 
inexpensive device is provided capable of opera 
tion at relatively high rates of speed. 
The operation cycle of a transfer vessel as 

herein provided comprises two main steps or 
events, namely, filling with a desired charge and 
then discharging. During the discharge the gas 
material, which is at a relatively high pressure 
in the parallel vessel, is passed in heat exchang 
ing relation with the discharged liquid and con 
veyed to a storage Space associated with the 
Supply, this passage being made to take place 
with appropriate throttling, whereby a portion of 
the gas phase may be conserved and returned 
in the liquid phase to augment the material 
being transferred. When a transfer vessel filled 
with gas at high pressure is thus blown down, it 
is ready again for the inception of a cycle of op 
eration. 
Simple apparatus for carrying out the present 

invention comprises duplicate transfer vessels ar 
ranged to be operated in parallel to receive 
charges alternately from a common supply of 
liquefied gas, such as an insulated storage con 
tainer. The duplicate transfer vessels are ar 
ranged to discharge alternately into a common 
receiving device such as a vaporizer where the 
material is converted into gas at a desired high 
pressure. For example, liquid oxygen may be 
vaporized in such a device and converted into 
gas supplied at 2000 psi gauge. 
Transfer vessels employed in cascade systems 

in accordance with the principles set forth in 
the above referred to patent to Murphy provide 
for the exclusion of heat of external origin from 
the material being transferred prior to a pre 
determined point, such as the vaporizer, in order 
to reduce the amount of material in the gas phase 
that must be blown down at the inception of a 
cycle. Heat exclusion is practiced in conjunc 
tion with the transfer vessels provided in ac 
cordance with the present invention, such ves 
sels being provided either with interior baskets 
or with exterior insulating jackets Or with both. 
It is desirable, however, to practice the heating of 
isolated portions of the liquid taken from a 
transfer vessel while being transferred in order 
to build pressure to accelerate the discharge. 
Convenient means for effecting this heating step 
in conjunction with a cascade System is disclosed 
in United States Letters Patent to Zenner, No. 
2,037,673, dated April 14, 1936, such means being 
briefly described as a "thermal leg'. 
The conservation in the system of the refrig 

eration of the liquid being discharged from a 
transfer vessel is conveniently effected by means 
of a heat exchanging or regenerative device, such 
as shown in United States Letters Patent to Dana, 
No. 2,037,679, dated April 14, 1936. Such device 
in general comprises countercurrent passes pro 
vided with intervening heat storage elements, the 
passages being associated with the gas and liquid 
withdrawal means of the transfer vessels, i. e., 
one pass is arranged to convey the gas phase sup 
plied from a transfer vessel which has discharged 
its liquid and is filled with gas at relatively high 
pressure, the heat of this gas being abstracted 

2,157,108 
and transferred to the liquid passing in the other 
pass. In consequence, the input of heat inci 
dent to the ultimate conversion of the material 
into the gas phase is reduced. Here, the use of 
a regenerator with a relatively large storage 
effect is desirable because it avoids the necessity 
for relatively close control of the gas and liquid 
discharge rates from the respective transfer ves 
Sels. 

In order to conserve the material in the gas 
phase thus being withdrawn, without the practice 
of equalizations, the gaseous material is led 
through the regenerator into a storage space as 
sociated with the Supply, the material being de 
prived of heat so as to effect substantially com 
plete condensation of the gas phase into the 
liquid. This last step of heat removal is effected 
by heat exchange with liquid being discharged 
and the pressure reduced to that of the storage 
space. The pressure reduction may be accom 
plished in any convenient manner, for example, 
by throttling. A convenient device for accom 
plishing this comprises a pressure reducing valve 
so placed as to discharge the cooled gas mate 
rial that has passed through the regenerator, 
into the storage space of the storage vessel. The 
vessel in Such case is formed to have dimensions 
adapted to this purpose. Any pressure added in 
consequence of such introduction into the storage 
vessel is seen to assist in building a pressure for 
expelling the liquid; excess pressure, of course, 
being blown down to the atmosphere. A Suitable 
chamber, however, may be provided instead, to 
receive the cooled gas material, and when so pro 
vided takes the place of the space in the storage 
Wessel. 

Referring now to the drawings, and particularly 
to Fig. 1, 0 denotes an insulated storage con 
tainer for the volatile material which, in the case 
of liquid oxygen and the like, is relatively highly 
insulated. A withdrawal connection leads to 
a manifold 2 which has inlet connections 3 
and 3’ leading respectively to transfer vessels 
4 and 4', the inlets being controlled by suitable 

valves as indicated at 3a and 3b, respectively. 
The transfer vessels are also provided with blow 
down connections 5 and 5' that are controlled 
respectively by valves 5a and 5b. 
The transfer vessels here provided are con 

structed to withstand considerable pressure, and, 
consequently, have relatively heavy outer walls. 
In order to exclude heat to the desired extent, 
these vessels, when Oxygen is being transferred, 
have both inner baskets and exterior insulat 
ing jackets. Liquid withdrawal connections for 
the vessels are shown at 6 and 6' which are 
controlled respectively by valves shown at 6d. 
and 6b. These connections have a common 
Outlet which communicates. With the inlet 
end of the liquid pass of the regenerative device 
shown generally at 8. From the outlet of the 
liquid pass a connection 9 leads to the heating 
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coil of a receiving or vaporizing device shown 
generally at 20; the vaporizing device having a 
service connection or pipe line 2 which leads 
the vaporized material away to a suitable storage 
receiver or to a place of consumption at high 
pressure. 
In order to practice the heating of isolated 

portions of material withdrawn from the trans 
fer vessels, a common thermal leg is provided 
comprising a heating element shown generally 
at 22, which has an inlet 23 at its lower end that 
communicates with an auxiliary withdrawal con 
nection 24 that communicates with both transfer 
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vessels, the communication being Controlled re 
spectively by valves as shown at 24a and 24b. 
At the upper end of the heating element, a con 
nection 25 communicates with the gas space of 
the transfer vessels through a Common Connec 
tion 26, the communication with the two vessels 
being controlled respectively by valves 26a and 
26b. To afford relief in the event undesirable 
high pressures obtain in the thermal leg a by 
pass 27 is provided leading from the upper end 
of the thermal leg directly to the connection 9, 
such by-pass being normally closed by a valve 
27c. Another by-pass 28 is provided leading 
from the withdrawal connections 6 and 6' 
which also communicates with the connection 9, 
this second by-pass being normally closed by a 
three-way valve 28c located at the junction and 
arranged to shut off the branch of conduit 9 
leading to the regenerator 8 when opening com 
munication between conduits 28 and 9. 
In order to provide for the blowdown of gas 

from a transfer vessel through a regenerator. to 
the storage space, as proposed herein, a con 
nection 30 is provided leading to the inlet of the 
gas pass of the regenerator 18, this inlet being 
adjacent the liquid outlet. The connection 30 
is made to have selective communication with the 
transfer vessels through a manifold 3 whose 
communication is controlled respectively by 
valves 3 fa and 3 lb. From the Outlet of the gas 
pass of the regenerator 8 a connection 32 is 
arranged to discharge into the space above the 
liquid level in the storage container fo, the dis 
charge into this space being at a temperature 
and pressure materially below that of the trans 
fer vessel Supplying the gaseous material, the 
pressure reduction being effected by throttling 
produced by a suitable means, such as the pres 
sure regulator shown at 33 having an orifice 33' 
(Fig. 3) introduced at a point just beyond 
the point where regulation is accomplished. A 
suitable auxiliary control valve may be intro 
duced in Connection 32 as shown at 34, the con 
tainer being also shown as provided with a filling 
connection 35 and a relief discharge device 35ac. 
The mode of operation to be here practiced 

with the arrangement above described is as fol 
lows: A charge of predetermined volume of the 
material in the liquid phase is drawn from the 
container and run into a vented transfer 
vessel, say vessel 4, by the opening of valve f3a; 
the venting having been effected by the opening 
of valve 5a just prior to the filling event. Wessel 
4' is, of course, filled with material in gas phase 
remaining from a previous operation. Walve 
f5a and valve 3d are closed at the conclusion 
Of filling, after which discharging to the va 
porizer 20 may be begun. This is effected by 
Opening valve 6d. This discharge is acceler 
ated, of course, by putting the thermal leg into 
operation, which is effected by opening valves 
24a and 26a, the corresponding valves leading to 
vessel 4' being maintained closed. 
As soon as the discharge is commenced, ma 

terial in the gas phase at high pressure is led 
from vessel f4 through the gas pass of regener 
ator 8. This is effected by opening valve 3 lb. 
The gas thus released passes into the gas space 
of container 0 through reducing valve 33, the 
valve shown at 34 being normally open. This 
passage is continued until pressures in vessel 4' 
and 0 are equalized, or until it is necessary to 
begin filling vessel 4', when it is vented by 
opening valve f3b, valve 3fb having been closed. 
With vessel 4' vented, the operating cycle is 

2,157,108 
repeated by filling and discharging this vessel; 
relatively continuous operation of the system 
being thus possible. 
In the arrangement here shown, no special 

means for determining the charge admitted to 
a transfer vessel is shown since any convenient 
means may be employed; many suitable meter 
ing means being known in the prior art, for ex 
ample, a venting connection may be used which 
depends into the transfer vessel a predetermined 
distance and seals of the escape of gas through 
the vent upon the attainment of a predetermined 
liquid level. Such means is shown in the patent 
to Murphy above referred to. 
The metering means, whether it comprises the 

depth tube arrangement or an independent me 
tering device, is adjusted differently for the pres 
ent System from that in the system of the afore 
said patent to Murphy since here it is not neces 
Sary to provide as much space for expansion of 
liquid caused by heating and for additions of liq 
uld added during condensations prior to final dis 
charge. The duplicate vessels, in consequence, 
may be more fully filled than heretofore, that is, 
the charge of liquid material introduced may be 
made to occupy substantially the full liquid hold 
ing space. In this way, the filling efficiencies for 
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cascade systems are increased by the present in 
vention. 
While substantially any countercurrent regen 

erator having separate passes and the requisite 
heat capacity may be employed, it is found that 
regenerators which divide the passing gas stream 
into a plurality of little streams surrounded by 
the body of liquid passing in the other direction 
accelerate the heat transfer and are highly de 
sirable. A convenient arrangement of this char 
acter is illustrated in Figs. 4 and 5 and symboli 
cally indicated as embodied in the systems of 
Figs. 1 and 2. Here a plurality of small tubes 36 
are disposed between headers 37 and arranged 
to pass gas. About each tube 36 is a tube 38, the 
group of the latter being connected between head 
ers 39 that are arranged parallel to headers 37 
and pass liquid. 
Another form of regenerator which may be 

employed is shown in Fig. 6 and comprises an 
outer shell of metal 38' for the liquid pass which 
encloses a plurality of small tubes 36' beginning 
and ending in headers disposed respectively at 
the ends of the shell, the tubes being preferably 
maintained in a desired spaced relation by wrap 
pings of wire as indicated at 37ac. The greater 
the number of tubes of this character which are 
used the greater will be the amount of heat trans 
ferred since it multiplies the heat conducting 
surface which intervenes between the gas and 
liquid phases. 
The regenerator of the present invention is de 

signed to exchange a relatively large part of the 
heat in the gas at high pressure remaining in a 
transfer vessel at the conclusion of a liquid dis 
charge period with the refrigeration in the liquid 
discharged from the other vessel, regardless of 
whether the temperature and pressure conditions 
for heat exchange remain an optimum in the 
gas and liquid passed in the exchanger throughout 
the period and regardless of whether the two 
are always in simultaneous passage. According 
ly, the mass of metal that comprises the tubing 
of the gas pass is an important factor since it is 
desired to have enough metal in the tubing to 
store the heat absorbed from the gas from the 
instant liquid ceases to flow from one vessel until 
resumed from another, or to store refrigeration 
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4. 
of the liquid from the instant gas ceases to flow 
from one vessel until resumed from the other. 
While enough metal to provide the regenerator 
with the desired storage capacity to take care of 
these overlapping periods is desirable, it is also 
important that an excess of metal be avoided in 
order to preserve a desired degree of lightness. 
Among the factors which determine the amount 

of material required in the regenerator are the 
magnitude of the blowdown loss permissible, the 
heat unbalance in the masses of the liquid and 
gas which are passed, and the magnitude in the 
temperature fluctuation from initial to final con 
ditions. While it is desirable to achieve lightness 
and reduce the mass of the regenerator to a rela 
tively low value, each reduction in the amount of 
metal employed results in an increase in the 
losses resulting from uncondensed gas material. 
It is seen, in consequence, that économical oper 
ation determines a lower limit in the amount of 
metal employed in connection with the regen 
erator. In connection with the heat unbalance 
between the mass of the gas and liquid passed, 
no adjustment is readily available for maintain 
ing optimum heat transfer conditions. The ex 
cess of heat to be supplied by the blowdown gas 
or the excess refrigeration to be taken out from 
the liquid passed must be compensated for under 
these conditions. The metal in the regenerator 
consequently should have sufficient heat capacity 
to take up this excess and act like a thermal fly 
wheel taking over excess heat during one portion 
of the cycle and delivering it at another time. 
The amount of unbalance in the heat transfer 
therefore largely determines the upper limit of 
the mass required for the regenerator. 
With reference to the magnitude of the tem 

perature fluctuation it is seen that under the 
best countercurrent conditions the discharged 
fluid should issue from the regenerator at suc 
cessively lower temperatures, the discharge at 
the end of the cycle being substantially as cold 
as the liquid which enters. When the mass of 
the regenerator is sufficient, the outlet temper 
ature of the discharged fluid Will remain nearly 
constant. This in short makes greater use of the 
lower temperatures available for refrigeration. 
The diameter of the tubing while preferably 

Small is not So Small that the resulting frictional 
resistance offsets the effect of rapid heat transfer 
or the advantage had by the increased coefficient 
of heat exchange resulting from the arrangement 
of the tubing here employed. Since length is the 
factor which determines the pressure drop, it sub 
stantially determines the limit of the smallness 
of the tubing that can be utilized. A balance of 
these factors within the range of reasonable econ 
Omy is a matter that may be attained by skill in 
design. 
The regulator provided between the regen 

erator and the gas receiving space is shown in 
detail in Fig. 3 and is of a character adapted to 
keep a constant pressure on the material passed 
to the blowdown orifice. The pressure drop 
through the regenerator is preferably as small 
as can be feasibly employed while that through 
the orifice and regulator is substantially the 
whole drop so that only liquid reaches the ori 
fice, substantially all gas having been condensed. 
The constant head of pressure maintained by the 
regulator should cause a constant amount by 
weight of material to pass the Orifice. Such an 
arrangement is found to facilitate the transfer 
of heat in the regenerator. The actual preSSure 
drop thus produced varies from time to time in 
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the operation of the system. For example, at the 
beginning of a blowdown period when the pres 
Sure is high, there is a relatively small pressure 
drop through the regenerator. Later during the 
period of this blowdown, as the velocity of the 
gas in the regenerator increases, the pressure 
drop in the regenerator increases, and that due 
to throttling decreases since only a small drop is 
now required of the regulator. There comes a 
time, however, when the regulator is wide open 
and ceases to maintain the passage of a constant 
amount of gas material by weight. After this, 
the rate of flow and pressure drop in the regen 
erator decrease. The maximum pressure drop 
Occurs when the regulator has just reached the 
wide open position and before the weight-rate 
of flow has begun to drop off. 
While the Supply vessel or container shown in 

Fig. 1 is indicated as constructed to provide not 
Only: the space desired to hold the quantity of 
material in the liquid phase but also to receive 
the condensed material blown down from a 
transfer vessel whereby there is provided a single 
Source to Supply the transfer vessels, it is con 
templated employing containers adapted to ac 
commodate only the liquid supply material, the 
storage space being externally provided in the 
form of a separate chamber and associated to 
receive the condensate resulting in a manner 
such that it may be supplied to the transfer ves 
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30 sels in parallel with the liquid from the supply 
vessel the same as if it had been delivered orig 
inally from the supply vessel. Such separately 
provided chamber may be any suitable vessel that 
is insulated and connected to the transfer vessels 
to receive blowdown gas material and supply 
condensate through connections arranged in 
parallel with the supply vessel. An arrangement 
of this character is shown in Fig. 2. 
In Fig. 2, a supply vessel for liquid material 

is shown at 40 which has a liquid withdrawal 
connection 4 leading to a manifold 42 having 
inlet connections 43 and 43' for introducing liquid 
to the transfer vessels 44 and 44' selectively. 
Wenting connections for the vessels 44 and 44' are 
shown at 45 and 45' respectively. Likewise, these 
vessels have liquid withdrawal connections 46 
and 46' leading to the common connection 47 
that communicates with the inlet end of the 
liquid pass of a heat exchanger 8, a connection 
49 leading from the other end of the liquid pass 
to any suitable receiving means such as a va 
porizer 50 that has a connection 5 leading to 
gas storage or consuming devices. 
This modified form is also shown as provided 

with a thermal leg comprising a heating element 
52 connected with the liquid space of the ves 
sels 44 and 44 through connections 53 and 54 
and with the gas space through connections 55 
and 56. A by-pass 57 leads from the thermal leg 
directly to the connection 49. A second by-pass 
58 is also shown leading from the liquid with 
drawal connections 46 and 46' directly to the 
connection 49. By means of this second by-pass 
and three-way valve 58c the heat exchanger is 
cut out when desired. All of these connections 
are provided with control valves, the same as in 
Fig. 1. 
In the arrangement shown in Fig. 2, a con 

nection 60 is provided, which has selective com 
munication through the manifold 6 with the gas 
space of the transfer vessels 44 and 44, to with 
draw gaseous material at high pressure from the 
transfer vessels to blow down the same. The 
connection 60 leads to the inlet end of the gas 
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2,157,103 
pass of the exchanger 8. From the outlet end 
of the gas pass a connection 62 leads to an insu 
lated vessel 63 which receives the gas at a point 
external to the supply vessel 40. The vessel 63 
has connections 64 and 64’ adapted to lead con 
densate from the lower portion of the vessel 63 
and introduce the same in the liquid space of the 
transfer vessels, these connections being indi 
vidually controlled by valves shown at 64a, and 
64b respectively, whereby the condensate from 
the vessel 63 may be introduced into a selected 
transfer vessel. The vessel 63 is here arranged 
to receive the condensate resulting from the 
temperature and pressure drop produced by a re 
ducing valve 66 in the connection 62 similar in 
character and position to that shown in Fig. 3. 
A normally open auxiliary valve 67 is also pref 
erably inserted in the connection adjacent valve 
66; the insulated vessel being also provided with 
a suitable pressure relief device 68. 
The mode of operation of the modification 

shown in Fig. 2 is similar to that described in 
connection with Fig. 1, since the parts described 
are similarly shown and situated with the excep 
tion of the arrangement of the means for receiv 
ing and storing condensate. A detailed descrip 
tion of the steps of filling and discharging the 
vessels 44 and 44 is therefore omitted. In this 
connection, it will be observed, however, that dur 
ing the filling step when liquid is introduced in 
a transfer vessel from the supply vessel 40 and 
preferably after the step is completed, the liquid 
connection leading from the liquid Space of the 
storage chamber to the transfer vessel is opened 
in order that liquid condensate from the vessel 
63 may supplement that from the vessel 40. 
Since certain changes in carrying out the 

above process and in the constructions set forth, 
which embody the invention, may be made with 
out departing from its scope, it is intended that 
all matter contained in the above description or 
shown in the accompanying drawings shall be in 
terpreted as illustrative and not in a limiting 
Sense. 

Having described my invention what I claim 
as new and desire to secure by Letters Patent is: 

1. The method of operating a cascade System 
having but one set of transfer vessels that are in 
parallel, which comprises charging said vessels in 
turn with desired charges of liquid from a con 
mon source of supply, discharging the liquid from 
said charged vessel to a receiver through a heat 
exchanging device, and reliquefying gas from 
another of said vessels by passage in heat ex 
changing relation through said device to a storage 
space associated with said supply, which supply is 
at a pressure materially below the operating pres 
sure of the discharging vessel. 

2. The method of operating a cascade System 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which method 
comprises charging said vessels alternately with 
desired charges of liquid from a common Source 
of supply when vented to a pressure below the 
supply pressure, discharging the liquid from said 
charged vessel when filled to a receiving device 
through a heat exchanging device, discharging 
the gas from the other vessel which is at high 
pressure during Said liquid discharge, passing 
said discharged gas in heat exchanging relation 
through said heat exchanging device, and re 
liquefying at least a portion of Said gas While 
passing it from said heat exchanger into a storage 
space associated with said supply. 

3. The method of operating a cascade System 

5 
having but one set of transfer vessels that are 
in parallel, which comprises charging said vessels 
in turn with predetermined charges of liquid from 
a Common source of supply when vented below 
the Supply pressure, discharging the liquid from 
Said charged vessel to a receiver through a heat 
exchanging device, passing gas from another of 
Said vessels through said device in heat exchang 
ing relation into a storage space associated with 
Said supply, causing a sufficient drop in the tem 
perature of the gas material traversing said de 
vice to liquefy at least a portion of the gas, and 
thereafter delivering said reliquefied gas mate 
rial to Said Storage Space in throttled condition. 

4. The method of operating a cascade system 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which method 
comprises charging Said vessels alternately with 
metered charges of liquid from a common source 
of Supply when vented to a pressure below the 
Supply pressure, discharging the liquid from said 
charged vessel when filled to a receiving device 
through a heat exchanging device, discharging 
the gas from the other vessel which is at high 
preSSure during said liquid discharge, passing said 
discharged gas in heat exchanging relation with 
a cooled element of said device, causing a drop in 
the temperature of the gas discharged from Said 
other Wessel while passing through said heat ex 
changing device, and delivering said gas from said 
heat exchanger to a storage space associated with 
said Supply Sufficiently throttled to reduce at least, 
a portion of the same to liquid. 

5. The method of Operating a cascade system 
having but one set of transfer vessels that are in 
parallel, which comprises charging said vessels in 
turn with metered charges of liquid from a con 
mon Source of Supply when vented below the Sup 
ply pressure, discharging the liquid from said 
charged vessel to a receiver through a heat ex 
changing device, accelerating the liquid discharge 
by withdrawing and heating a portion of the 
charge from said charged vessel, passing gas from 
another of said vessels through said device in 
heat exchanging relation With a cooled element of 
Said device into a storage Space associated with 
said supply, causing a drop in the temperature of 
the gas material traversing said device, and fur 
ther reducing the pressure and temperature of 
the gas by throttling when entering said storage 
Space. 

6. The method of operating a cascade system 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which meth 
od comprises charging said vessels alternately 
with metered charges of liquid from a common 
source of supply when vented to a pressure below 
the supply pressure, discharging the liquid from 
said charged vessel when filled to a receiving de 
vice through a heat exchanging device, discharg 
ing the gas from the other vessel which is at high 
pressure during said liquid discharge, passing said 
discharged gas in heat exchanging relation with 
the refrigeration of the liquid passed through 
said heat device, accelerating the liquid discharge 
by withdrawing and heating a portion of the 
charge from said charged vessel, causing a drop 
in both the temperature and pressure of the gas 
discharged from said other vessel while passing 
through said heat exchanging device, and deliver 
ing said gas from said heat exchanger to a storage 
space associated with said supply throttled to 
reduce its pressure to that of the storage Space. 

7. The method of operating a cascade System 
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source of supply when vented to the atmosphere, 
discharging the liquid from said charged vessel 
when filled to a receiving device through a heat 
exchanging device, discharging the gas from the 
other vessel which is at high pressure during said 
liquid discharge, passing said discharged gas in 
heat exchanging relation with the refrigeration 
of the liquid passed through said device, causing 
a drop in both the temperature and pressure of 
the gas passing through said heat exchanging 
device, delivering said gas from said heat ex 
changer to a storage space above the liquid in 
said supply, and throttling the gas delivered to 
said storage space sufficiently to reduce at least 
a portion of the same to liquid. 

8. The method of operating a cascade system 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which meth 
od comprises charging said vessels alternately 
with metered charges of liquid from a common 
source of supply when vented to the atmosphere, 
discharging the liquid from said charged vessel 
when filled to a receiving device through a heat 
exchanging device, discharging the gas from the 
other vessel which is at high pressure during said 
liquid discharge, passing said discharged gas in 
heat exchanging relation with the refrigeration 
of the liquid passed through said heat exchang 
ing device, causing a drop in the temperature of 
the gas material passing through said heat ex 
changing device, liquefying said gas material in 
said heat exchanger and passing the same to the 
receiving space of a vessel operating in parallel 
with said supply, and throttling the admitted gas 
material. 

9. The method of operating a cascade System 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which meth 
od comprises charging said vessels alternately 
With metered charges of liquid from a Common 
source of supply when vented to the atmosphere, 
discharging the liquid from said charged vessel 
when filled to a receiving device through a heat 
exchanging device, discharging the gas from the 
other vessel which is at high preSSure prepara 
tory to refilling, passing said discharged gas in 
heat exchanging relation with the refrigeration 
of the liquid passed through said heat exchang 
ing device, causing a drop in the temperature of 
the gas passing through said heat exchanging 
device sufficient to convert the gas into liquid, 
delivering said reconverted gas material to the 
receiving space of a vessel operating in parallel 
with said supply, and re-introducing the liquid 
from said parallel vessel into the liquid of the 
newly charged transfer vessel. 

10. The method of operating a cascade system 
having but one pair of transfer vessels that are 
duplicates and arranged in parallel, which meth 
od comprises charging said vessels alternately 
with metered charges of liquid from a common 
source of supply when vented to the atmos 
phere, discharging the liquid from said charged 
vessel when filled to a receiving device through 
a heat exchanging device, discharging the gas 
from the other vessel which is at high pressure 
during said liquid discharge, passing said dis 
charged gas in heat exchanging relation with 
the refrigeration of the liquid passed through 
said heat exchanging device, accelerating the 
discharge from said liquid charged vessel by in 
dependently withdrawing and heating a portion 
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of the liquid charge, and causing the gas de 
livered from Said heat exchanging device to enter 
a storage space over the liquid in said supply 
reduced in both temperature and pressure suff 
ciently to reduce at least a portion of the gas to 
liquid. 

11. The method of operating a cascade system 
having but One pair of transfer vessels that are 
duplicates and arranged in parallel, which meth 
Od comprises charging said vessels alternately 
with metered charges of liquid from a common 
Source of Supply when vented to the atmosphere, 
discharging the liquid from Said charged vessel 
When filled to a receiving device through a heat 
exchanging device, discharging the gas from the 
other vessel which is at high pressure during said 
liquid discharge, passing said discharged gas in 
heat exchanging relation with the refrigeration 
of the liquid passed through said heat exchang 
ing device, accelerating the discharge from said 
liquid charged vessel by independently with 
drawing and heating a portion of the liquid 
charge, and causing the gas issuing from said 
heat exchanging device to enter the space of a 
vessel operated in parallel with said supply hav 
ing both its temperature and pressure sufficiently 
reduced to reduce at least a portion of the gas to 
liquid. 

12. In a cascade System for transferring ma 
terial that is volatile at normal atmospheric pres 
sure, the combination with a plurality of trans 
fer vessels arranged in parallel, of a storage 
vessel for holding liquefied gas at relatively low 
preSSure arranged to supply material in the 
liquid phase to any of said transfer vessels and 
having associated therewith a space for the stor 
age of reliquefied gas material, one of said trans 
fer vessels normally containing material in the 
gas phase at relatively high pressure, means for 
Selectively Withdrawing liquid from said transfer 
vessels and conveying the same to a receiver, 
heat exchanging means associated with said 
withdrawing means having separate passes for 
the passage of material in the gas and liquid 
phases respectively, means in communication 
with the gas pass of Said heat exchanging means 
for conveying gas from said gas filled vessel to 
said storage space, and throttling means in said 
Conveying means for reducing the temperature 
and pressure of the gas material introduced in 
Said storage Space. 

13. In a cascade System for transferring ma 
terial that is volatile at normal atmospheric pres 
Sure, the combination with duplicate transfer 
vessels arranged to be operated in parallel, of a 
storage vessel maintained at a relatively low 
pressure and containing a Supply of material in 
the liquid phase and having associated therewith 
a Space for the storage of material in the gas 
phase, means for supplying liquid charges from 
Said storage vessel alternately to said transfer 
vessels, the uncharged transfer vessel normally 
containing material in the gas phase at a rela 
tively high pressure, means for selectively with 
drawing liquid from said transfer vessels and 
conveying the same to a receiver, heat exchang 
ing means associated with said withdrawing 
means having separate passes for the passage 
of material in the gas and liquid phases respec 
tively, means in communication with the gas pass 
of Said heat exchanging means for selectively 
Withdrawing gas from said transfer vessels and 
conveying the same to Said storage space, and 
automatic pressure regulating means in said con 
veying means at the entrance to said storage 
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space arranged for reducing at least a portion of 
the gaseous material thus introduced substan 
tially to liquid. 

14. In a cascade system for transferring ma 
terial that is volatile at normal atmospheric 
pressure, the combination with duplicate transfer 
vessels arranged in parallel, of a storage vessel 
at relatively low pressure arranged to Supply 
material in the liquid phase to any of said trans 
fer vessels and having associated therewith a 
space for the storage of condensed gas material, 
one of said transfer vessels normally containing 
material in the gas phase at relatively high pres 
Sure, means for Selectively withdrawing liquid 
from said transfer vessels and conveying the 
same to a receiver, additional means for selec 
tively withdrawing portions of liquid from said 
transfer vessels arranged to communicate there 
with at points both above and below the normal 
liquid level and provided with means for heating 
the liquid withdrawn, heat exchanging means 
asSociated with Said first named withdrawing 
means having separate passes for the counter 
current passage of material in the gas and liquid 
phases respectively, means in communication 
with the gas pass of said heat exchanging means 
for conveying gas from said gas filled vessel to 
Said storage Space, and throttling means in said 
conveying means for reducing the temperature 
and pressure of the gas material introduced in 
Said storage Space. 

15. In a cascade system for transferring ma 
terial that is volatile at normal atmospheric 

7 
pressure, the combination with duplicate trans 
fer vessels arranged to be operated in parallel, 
of a storage vessel maintained at a relatively low 
pressure and containing a supply of material in 
the liquid phase and having associated therewith 
a space for the storage of material in the gas 
phase, means for supplying liquid charges from 
said storage vessel alternately to said transfer 
vessels, the uncharged transfer vessel normally 
containing material in the gas phase at a rela 
tively high pressure, means for selectively with 
drawing liquid from said transfer vessels and 
conveying the same to a receiver, additional 
means for selectively withdrawing portions of 
liquid from said transfer vessels arranged to 
communicate therewith at points both above and 
below the normal liquid level and provided with 
means for heating the liquid withdrawn, heat 
exchanging means associated with said first 
named withdrawing means having separate 
passes for the countercurrent passage of material 
in the gas and liquid phases respectively, means 
in communication with the gas pass of said 
heat exchanging means for selectively withdraw 
ing gas from said transfer vessels and conveying 
the same to said storage space, and automatic 
pressure regulating means in said conveying 
means at the entrance to Said storage means 
arranged for reducing at least a portion of the 
gaseous material thus introduced substantially to 
liquid. 
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