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This invention relates to improvements in the art of 
liquefying gases, and more particularly, to an improved 
process of liquefying gases by refrigeration. 

In liquefying gas by one known method of refrigera 
tion, the gas stream initially exists in a fluid state at an 
elevated pressure. The fluid stream is first chilled and 
then passed through a plurality of stages of expansion, 
where a portion of the stream is reduced to a liquid and 
the remainder exists in a gaseous state. The liquid and 
gaseous phases are then separated, and the gas stream is 
recycled through compressors and coolers for reversion 
to its initial state; whereupon the recycled stream is re 
combined with the feed stream for another passage 
through the expansion cycle. 
The expansion of the stream is accomplished by direct 

ing the fluid through successive stages of a multiple-stage 
turboexpander, where the fluid is reduced in pressure in 
each stage. As the fluid is expanded into the two-phase 
region, liquid will form within the particular stage of the 
turboexpander, and the liquid will be injected with the 
gas into the succeeding stage of the turboexpander. A 
similar action occurs in each subsequent stage. 
liquid has a lower velocity than the gas, therefore, the 
efficiency of each stage of the turboexpander receiving 
both gas and liquid is reduced. Also, the tip speed of 
the turboexpander blades exceeds the velocity of the 
liquid. Therefore, the tips of the blades run into the 
liquid-resulting in erosion of the blades and a reduced 
service life for the turboexpansion unit. 
The present invention contemplates a novel method of 

liquefaction, wherein the liquid injected into a turboex 
pander will be reduced to a minimum. It is proposed 
to remove the liquid from the fluid stream between suc 
cessive stages of the turboexpander when operating in the 
two-phase region, whereby the efficiency of the subse 
quent stages will be increased, and the work normally 
obtained from the expander is not substantially reduced. 
An important object of this invention is to increase 

the service life of turboexpanders used in the liquefaction 
of gases. 
Another object of this invention is to increase the 

efficiency of turboexpanders used in the liquefaction of 
gaSeS. 
A further and more specific object of this invention is 

to substantially eliminate the injection of liquid into the 
second and subsequent stages of turboexpanders operating 
within the two-phase region and used in the liquefaction 
of gases by refrigeration. 

Other objects and advantages of the invention will be 
evident from the following detailed description, when 
read in conjunction with the accompanying drawing, 
which illustrates my invention. 

In the drawing: 
Figure 1 is a flow diagram of my novel process of 

liquefaction. 
Figure 2 is an enthalpy-pressure chart illustrating the 

changes in pressure and enthalpy of a fluid stream during 
the liquefaction of the stream by the present process. 
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Broadly stated, the present invention may be defined 

as the process of at least partial liquefaction of a fluid 
stream by a reduction in the temperature and pressure 
thereof which comprises: 

(a) Passing such stream through a turboexpander to 
effect a partial reduction in pressure and temperature of 
the stream accompanied by a partial liquefaction thereof, 

(b) Separating the liquid from the effluent of said 
expander, 

(c) Passing the gaseous remainder of such effluent 
through a second turboexpander to complete said reduc 
tion in temperature and pressure accompanied by a fur 
ther liquefaction of said stream, and . 

(d) Separating the liquid from the effluent of said 
second expander. 

Referring to the drawing in detail, and particularly 
Figure 1, reference character 4 designates a single 
stage turboexpander of any suitable type which will ex 
pand a fluid stream injected through the inlet 6 thereof. 
In a commercial installation of the turboexpander 4, the 
expander will be connected to some mechanism whereby 
the work generated by operation of the expander 4 may 
be put to use. However, this feature forms no part of 
the present invention and is, therefore, not shown. The 
exhaust 8 of the turboexpander 4 is connected by a con 
duit 10 to the inlet 12 of a separator 14. The separator 
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14 may be of any suitable type which will effectively 
separate a gas-liquid stream into its separate gas and 
liquid components. In the type of separator shown, the 
gas is directed into the upper portion of the separator 
and the liquid is directed into the lower portion of the 
separator. 
The gas outlet 16 of the separator 14 is connected by 

a conduit 18 to the inlet 20 of another single-stage turbo 
expander 22. The turboexpander 22 may be of the same 
type as the turboexpander 4 and, in the usual case, will 
be drivingly connected to any desired apparatus whereby 
the work generated by the turboexpander 22 will be effec 
tively utilized. Another conduit 24 interconnects the 
exhaust 26 of the turboexpander 22 to another separator 
28. Thus, the exhaust from the turboexpander 22 (which 

45 

50 

55 

60 

65 

70 

contains both gas and liquid) will be directed into the 
separator 28. . 
Another conduit 30 interconnects the lower outlet 32 

of the separator 14 to the conduit 24, whereby the bottom 
effluent from the separator 14 is by-passed around the 
turboexpander 22 and directed into the second separator 
28. A throttling valve 34 is interposed in the conduit 30 
to reduce the pressure of the bottom effluent discharging 
from the first separator 14, as will be more fully here 
inafter set forth. 
The separator 28 may be of the same type as the 

separator. 14 and has an upper outlet 36 for the discharge 
of gas, as well as a lower outlet 38 for the discharge of 
liquid. 

In operation of the apparatus illustrated in Figure 1, 
the feed stream to be liquefied is directed to the inlet 6 
of the turboexpander 4. As previously stated, the fluid 
stream at this point in a complete liquefaction process 
usually exists in a fluid state at an elevated pressure. 
As the stream is expanded in the turboexpander 4, the 
pressure of the stream will be reduced sufficiently to 
form a two-phase mixture comprising a gas phase and 
a liquid phase. The two-phase mixture is discharged 
through the conduit 10 into the separator 14, where the 
gases will be directed upwardly into the upper portion 
of the separator 14 and the liquids will be directed down 
wardly into the lower portion of the separator. . 
The gases, which constitute the main portion of the 

original feed stream, are directed through the conduit. 18 
into the seconditurboexpander 22. The gas will again 
be expanded in the turboexpander 22, to again reduce 
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the pressure of the stream and form another two-phase 
mixture having a gaseous phase and a liquid phase. 
This two-phase mixture is in turn directed to the second 
separator 28. 
The liquid collected in the separator 14 is discharged 

through the conduit. 30 and is throttled by the valve 34, 
whereby the pressure of the liquid is reduced to a pres 
sure corresponding to the discharge pressure of the sec 
ond turboexpander 22. As the liquid is throttled through 
the valve 34, a portion of the liquid will be transformed 
to a gaseous state, to provide another two-phase mixture 
being directed into the second separator 28. 
The two-phase mixtures entering the separator 28 will 

be effectively separated. In the embodiment shown, the 
gases are directed upwardly and the liquids downwardly, 
as in the separator 14. The upper outlet 36 of the sepa 
rator 28 may be connected to another turboexpander 
(not shown) to provide a third expansion of the feed 
stream; or the discharging gas may be recycled through 
a compression and cooling cycle (not shown) for recom 
bining with the initial feed stream and repeated passage 
through the turboexpanders 4 and 22. The liquid dis 
charging from the lower outlet 38 may be either passed 
through another throttling valve (not shown) and/or 
directed to a suitable storage (not shown), as desired. 

It will thus be apparent that the feed stream is passed 
through two stages of turboexpansion, yet no liquid is 
injected into the second turboexpander. Therefore, the 
efficiency and service life of the second turboexpander 
22 will be enhanced. Also, the liquid throttled through 
the valve 34 will not provide an appreciable loss of work, 
as will be apparent from the following description and 
an examination of Figure 2. 

The chart of Figure 2 represents a typical enthalpy 
pressure curve for a gas, such as methane. The Roman 
numerals I and II represent the expansion of a gas by 
a multiple-stage turboexpander where the liquid is not 
separated from the stream between successive stages of 
expansion, with the line from I to B being one expansion 
and from B to II being a second expansion. The letters 
A through H in Figure 2 correspond to the points in the 
present process designated by the corresponding letters 
in Figure 1. 
The curve of Figure 2 between I and B or A and B 

shows that the stream enters into two phases (gas and 
liquid) during the first stage of expansion of both the 
prior and present processes. The curve from B to II 
represents a second expansion by prior methods wherein 
no separation is performed between stages. The remain 
ing curves are for the present process. From B to C 
and B to E indicates the separation of the gas and liquid, 
respectively, in the separator 14. C to D is the expan 
sion curve of the gas through the second turboexpander 
22, and the curve from E to F symbolizes the throttling 
of the liquid through the valve 34. 
A study of the specific example illustrated in Figure 2 

reveals that substantially the same amount of work may 
be recovered, and the same quantity of liquid may be 
finally obtained, by expansion of the stream in successive 
stages without liquid separation, as compared with ex 
pansion of the stream with separation and throttling of 
the liquid between successive stages. It will be under 
stood that the chart of Figure 2 is a theoretical repre 
sentation of the pressure-enthalpy relationship of the 
stream at various stages in the process and assumes the 
same thermodynamic efficiency of the turboexpanders in 
both the prior and present processes. As a practical 
matter, however, the absence of liquid in the second 
stage of turboexpansion (the turboexpander 22) will 
appreciably increase the efficiency of this turboexpander. 
Therefore, a greater fracton of the fluid stream will be 
liquefied and more work can be recovered from the 
process, as contrasted with the process where the liquid is 
not removed between successive stages of turboexpansion. 
In other words, substantially the same or an additional 
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4. 
amount of work is recovered when only the gas phase of 
the stream is passed through the second stage of turbo 
expansion as when the complete stream is passed through 
the second stage. No appreciable work is lost by throt 
tling the liquid since the specific volume of the liquid is 
small and does not increase as the pressure is decreased. 
Also, the work which could be recovered from the 
evolved gas during liquid throttling is small, since only 
a small amount is evolved before the pressure energy is 
expended. 
From the foregoing, it will be apparent that the present 

invention will provide an increase in the service life of 
turboexpanders used in the liquefaction of gases. The 
present process is not limited to a two-stage expansion 
as illustrated in the drawings, but may be used with any 
number of expansion stages with the liquid being re 
moved from the exhaust of each stage and throttled to 
the pressure of the stream at a later stage of expansion 
of the stream. The only liquid which will exist in the 
various stages of the turboexpanders will be the liquid 
provided by expansion of the stream in the particular 
stage. Therefore, erosion of the turboexpander blades 
in the second and subsequent stages will be materially 
reduced, and the over-all efficiency of the turboexpanders 
will be increased. 
While particular embodiments of the invention have 

been described, it will be understood, of course, that the 
invention is not limited thereto since many modifications 
may be made, and it is, therefore, contemplated to cover 
by the appended claims any such modifications as fall 
within the true spirit and scope of the invention. 
The invention having thus been described, what is 

claimed and desired to be secured by Letters Patent is: 
1. The process of at least partial liquefaction of a 

fluid stream by a reduction in the temperature and pres 
Sure thereof which comprises: (a) passing such stream 
through a turbo-expander to effect a partial reduction 
in pressure and temperature of the stream accompanied 
by a partial liquefaction thereof, (b) separating the 
liquid from the effluent of said expander, (c) passing the 
gaseous remainder of such effluent through a second 
turbo-expander to complete said reduction in tempera 
ture, and pressure accompanied by a further liquefaction 
of said stream, and (d) reducing the pressure of the 
liquid separated from the effluent of said first expander 
to substantially that of the effluent of said second ex 
pander. 

2. The process of at least partial liquefaction of a 
fluid stream by a reduction in the temperature and pres 
sure thereof which comprises: (a) passing such stream 
through a turbo-expander to effect a partial reduction 
in pressure and temperature of the stream accompanied 
by a partial liquefaction thereof, (b) separating the 
liquid from the effluent of said expander, (c) passing 
the gaseous remainder of such effluent through another 
turbo-expander to complete said reduction in tempera 
ture and pressure accompanied by a further liquefaction 
of said stream, (d) reducing the pressure of the liquid 
separated from the effluent of said first expander to sub 
stantially that of the effluent of said other expander, and 
(e) separating the liquid and gaseous phases of the 
effluent of said other expander. 

3. The process of at least partial liquefaction of a 
fluid stream by a reduction in the temperature and 
pressure thereof which comprises: (a) passing such 
stream through a turbo-expander to effect a partial re 
duction in pressure and temperature of the stream ac 
companied by a partial liquefaction thereof, (b) separat 
ing the liquid from the effluent of said expander, (c) 
passing the gaseous remainder of such effluent through 
a second turbo-expander to complete said reduction in 
temperature and pressure accompanied by a further 
liquefaction of said stream, (d) reducing the pressure 
of the liquid separated from the effluent of said first ex 
pander to substantially that of the effluent of said second 
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expander, (e) combining the effiuent of said pressure 
reduction with the effluent of said second expander, and 
(f) separating the liquid and gaseous phases of such 
composite. 

4. The process of at least partially liquefying a fluid 
stream by a reduction in the temperature and pressure 
thereof which comprises (a) passing such stream through 
a turbo-expander to effect a partial reduction in pres 
sure and temperature of the stream accompanied by a 
partial liquefaction thereof, (b) separating the liquid 
from the effluent of said expander, (c) passing the gas 
eous remainder of such effluent through a second turbo 
expander for further reduction in temperature and pres 
sure accompanied by a further liquefaction of said stream, 
(d) reducing the pressure of the liquid separated from 
the effluent of said first expander to substantially that of 
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the effluent of the second expander, (e) separating the 
liquid and gaseous phases of the effluent of the second 
expander, and (f) joining the expanded liquid from the 
effluent of the first expander with the liquid separated 
from the effluent of the second expander. 

5. The method as claimed in claim 2 in which the 
fluid stream comprises a stream composed chiefly of 
methane. 
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