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This invention relates to the blow-down of a supply 
vessel containing a lique?ed gas and more particularly to 
an improved method and apparatus for increasing the 
liquid yield obtained in the ?uid discharged from a lique 
?ed gas container during pressure reduction and discharge 
thereof. 
The advantages of storing and transporting gas in a 

lique?ed state are well known. In those instances wherein 
the ?uid is to be utilized in vapor form, various arrange 
ments are available for e?ecting a complete vaporization 
of the liquid, whereby all of the liquid is exhausted from 
the container. In numerous applications, however, it is 
necessary to make available the withdrawn ?uid in a liquid 
state. Present methods and apparatus available for this 
purpose result in a relatively low liquid recovery from 
the storage container. 
The present invention is directed to an improved method 

and apparatus which result in a signi?cant increase in the 
amount of liquid obtained in the ?uid discharged from 
the lique?ed gas container. While the invention has broad 
utility in this ?eld, it is particularly useful for the blow 
down of cryogenic ?uids and is especially advantageous 
for accumulation of a liquid fraction by the pressure re 
duction of lique?ed helium containers. 
An object of this invention is the provision of an im 

proved method and apparatus for increasing the liquid 
yield obtained in ?uid discharged from a pressurized 
lique?ed gas container during discharge. 
An object of this invention is the provision of a method 

of obtaining a greater liquid recovery from a lique?ed gas 
container during discharge of the container by a throttled 
expansion of the ?uid. 
An object of this invention is the provision of an 

improved method of discharging a cryogenic fluid from 
a container having an elevated pressure, the discharged 
?uid being desired in a liquid state and at a reduced 
pressure. 
An object of this invention is the provision of improved 

apparatus for use in discharging a lique?ed gas container, 
said apparatus producing an increased liquid yield in the 
discharged ?uid upon expansion and partial liquefaction 
thereof. 
An object of this invention is the provision of improved 

discharging apparatus in combination with a container 
having a cryogenic fluid at an elevated pressure, which 
combination is constructed and arranged to produce an 
increased liquid yield upon partial liquefaction of the ?uid 
discharged. 

These and other objects and advantages of the inven 
tion will become apparent from the following description 
when taken with the accompanying drawings. It will be 
understood, however, that the drawings are for purposes 
of illustration and are not to be construed as de?ning the 
scope or limits of the invention, reference being had for 
the latter purpose to the claims appended hereto. 

In the drawings wherein like reference characters de 
note like parts in the several views: 
FIGURE 1 is a diagrammatic illustration of apparatus 

made in accordance with this invention; and 
FIGURE 2 is a similar fragmentary illustration of appa 

ratus made in accordance with the prior art. 
Reference now is made, to FIGURE 1, wherein the 

reference numeral 10 identi?es a storage container, such 
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as a trailer-mounted tank, containing the lique?ed gas, say, 
helium, at an elevated pressure. A discharge line 11 ex 
tends from the storage tank and into a liquid-accumulating 
vessel, such as a Dewar ?ask 12. Inserted in the line 11 
is a Joule-Thompson throttling valve 13. The Dewar 
?ask 12 is vented through a second line 14, which is 
arranged in heat exchange relation to the line 11, the heat 
exchanger being identi?ed by the numeral 15. 
The blow-down of a vessel at an elevated pressure, the 

?uids content of which is at a temperature above the nor 
mal boiling point, results in a lowering of temperature 
(due to a throttled expansion) and is accompanied by a 
partial liquefaction of the discharged ?uid. The liquid 
is withdrawn through the line 11 and a liquid-vapor sepa 
ration takes place in the Dewar ?ask, with the vapor exit 
ing through the line 14. The vapor passes through the 
heat exchanger which pre-cools the ?uid, in a highly e?i 
cient and advantageous manner, prior to its passage 
through the valve 13. Such cooling of the ?uid, after its 
discharge from the container and prior to its expansion, 
increases the liquid yield obtained from the expanded 
?uid, as will now be explained. 
As liquid is withdrawn, the material and energy bal 

ance around the heat exchanger 15 (FIGURE 1), assum 
ing no heat leak, is expressed by the following standard 
equations. 

h1—hz=(1-—X) (h4—ha) (1) 
and, since isenthalpic expansion takes place at the valve 13, 

h2:XhL+(1_X)h3 (2) 
where: 

X=the fraction of ?uid passing the valve 13 which is pro 
duced as liquid in the Dewar ?ask down stream of the 
valve 13, . 

lz1=enthalpy of the ?uid after leaving the storage con 
tainer 10 and on entering the heat exchanger, 

lz2=enthalpy of the ?uid leaving the heat exchanger and 
before entering the valve, 

hL=enthalpy of the saturated liquid produced in the 
Dewar ?ask after Joule-Thompson expansion, 

h3=enthalpy of the saturated vapor exiting from the 
Dewar ?ask and entering the heat exchanger, 

h4=enthalpy of the vapor leaving the heat exchanger, 
(1-X) =fraction vapor produced after expansion and 

vented from the Dewar ?ask to the heat exchanger. 

Substituting the value for hz in Equation 1, we obtain: 

: hi— hi 
h-i_hL (3) 

On the other hand, in the case wherein there is a direct 
expansion of the fluid, as shown in FIGURE 2, that is, 
without the heat exchange arrangement of this invention, 

h5=XhL+(1—X)h6 (4) 
or 

__h6‘_h5 
hs—h1. (5) 

where: 

X=fraction of liquid produced in the Dewar ?ask, as 
before, 

h5=enthalpy of the ?uid entering the Joule-Thompson 
valve from the storage container, 

h6=enthalpy of the saturated vapor after expansion and 
vented from the Dewar ?ask, 

hL=enthalpy of the saturated liquid, as before. 
In order to determine the value of the X (the fraction 

liquid produced in the heat exchange system of FIGURE 
1), it will be assumed that: 

(a) The temperature T; of helium vapor leaving the 
heat exchanger is 0.5 ° R. lower than the temperature T1 
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of helium ?uid entering the heat exchanger from the stor 
age container, 

(b) The initial withdrawal is at a container pressure of 
120.0 p.s.i.a. and at a temperature of 10.5u K., 

(c) The Dewar ?ask is vented at a pressure of 16.5 6 
p.s.i.a., and 

(d) There is a pressure drop of 0.5 p.s.i.a. on each side 
of the heat exchanger. 

The value for gas enthalpy is obtained from data in 
National Bureau of Standards Technical Note 154A. 10 
Under the stated conditions, 

Applying the above values in Equation 3, 

,- h4 — hi Jpn-m, 
__ 17.627— 9.226 

17.627 — ‘1.57 

= 0.6434 fraction lique?ed downstream of the value 

Similarly, in the case wherein there is a direct expansion 
of the liquid from the tank, as shown in FIGURE 2, 25 
the gas enthalpy values are, 

Applying the above values in Equation 5, 

r h —h5 A=h:—h1, 
_13.22_9.22e 
13.22-4.482 

=0A571 fraction lique?ed downstream of the value 

Therefore, the increase in liquid fraction by using the 
heat exchange system of this invention is, 

X (with heat exchanger) =0.6434 
_ .4571 

0.1863 

20 

30 

35 

40 

X (without heat exchanger) increased liquid 

fraction 45 

A liquid increase of better than 18% is obtained when 
the pressure in the storage container is 120 p.s.i.a. ‘and, ob 
viously, there will be no increase when the container pres 
sure is equal to that of the Dewar ?ask. However, it can 

4 
be shown, mathematically, that the increased yield at a 
storage container pressure of 25.2 p.s.i.a. is 2.4%. 
The invention is not restricted to the continuous liquid 

withdrawal from the Dewar ?ask, as speci?cally shown 
and described herein. Similar desiderata apply to an ar 
rangement for batch accumulation of liquid from the re 
ceiving vessel as, for example, by the elimination of a 
draw-off line 16 shown in dotted lines in FIGURE 1. Also, 
the expansion of the liquid can be done in several steps 
with a heat exchanger inserted between the steps. 

Having now described the invention, those skilled in this 
art will be able to make various changes and modi?ca 
tions without thereby departing from the spirit and scope 
of the invention as set forth in the following claims. 
We claim: 
1. A method of increasing the liquid yield obtained in 

the ?uid discharged from a vessel containing a cryogenic 
?uid at an elevated pressure comprising, discharging ?uid 
from the vessel, throttling said discharged ?uid to produce 
liquid and vapor, accumulating the liquid and the vapor in 
a second vessel at a pressure substantially below said ele 
vated pressure, venting only the vapor from said second 
vessel, and cooling said discharged ?uid before throttling 
with said vented vapor. 

2. In combination, a storage vessel containing a cryo 
genic ?uid at an elevated pressure, a heat exchanger, a 
second vessel for reception of a cryogenic liquid at a pres 
sure substantially below said elevated pressure, a discharge 
line connected between said ?rst-mentioned vessel and 
said heat exchanger, said heat exchanger directing ?uid to 
said second vessel from said discharge line, a throttling 
valve connected to the heat exchanger and receiving said 
?uid therefrom, said second vessel having a vapor vent 
and accumulating liquid and vapor discharging from said 
valve, and a vapor directing line connected between the 
said vent and the heat exchanger, the recited arrangement 
being such that the ?uid passing through the heat exchang 
er is cooled by heat exchange contact with the vapor exit 
ing from said second vessel before said ?uid passes through 
said throttling valve. 
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