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assignors to Worthington Corporation, Harrison, N.J., 
a corporation of Delaware 

Filed June 10, 1968, Ser. No. 735,720 
Int. Cl. F25b 9/00, 11/00 

U.S. Cl. 62-402 14 Claims 

ABSTRACT OF THE DISCLOSURE 

A closed ?uid loop system wherein ?uid, to be used 
as a refrigerant, is alternately compressed and cooled 
in a multi-stage compressor system having intercoolers 
between its stages. A portion of the ?uid after being 
alternately compressed and cooled is used as a heat trans 
fer media in a series of heat exchangers with the balance 
of the ?uid being alternately expanded and heated in a 
multi-stage expansion machine having reheat heat ex 
changers between its stages and the discharge of its last 
stage serially connected to the series of heat exchangers. 
The compressor and expansion machines are arranged 
to permit power recovery by the compressor from the 
expansion means. 

Background of the invention 

This invention relates generally to compressor-ex 
pander systems and more particularly to such systems 
which are closed loops or circuits to condition ?uid cool 
ants to be used subsequently as a refrigerant. 
While many and varied systems have been proposed 

and used to condition ?uid coolants, each operating with 
a degree of efficiency, none of such systems provides the 
optimum degree of efficiency and reliability desired for 
refrigeration as is required for liqui?cation of gases. It 
is acknowledged that rotating compressor and expander 
machinery has been extensively incorporated into ?uid 
handling systems and that closed loops or circuits are 
not new in cooling systems. However, none of the sys 
tems heretofore devised combine the equipment and 
?uid concepts in the novel manner according to the 
present invention. 

Summary of the invention. 

The present invention contemplates a closed ?uid loop 
system for conditioning a ?uid coolant to be used sub 
sequently to liquify gases by refrigeration, including multi 
stage compressor means with intercoolers between the 
stages for alternately compressing and cooling the ?uid 
coolant thereby cumulatively increasing the ?uid cool 
ant pressure while maintaining its temperature between 
predetermined minimum and maximum limits. After the 
last stage of compression the ?uid coolant is cooled in 
an aftercooler and then passes to a ?rst of a series of 
heat exchangers where it is further cooled. 
A portion of the compressed ?uid coolant after leaving 

the ?rst heat exchanger enters a second heat exchanger 
where it is further cooled and then passes through an 
expansion device where it is reduced in pressure before 
entering a third heat exchanger where it is in non-con 
tacting heat transfer relationship with and absorbs heat 
from the gas to be liqui?ed. 

That portion of the compressed ?uid coolant after 
leaving the ?rst heat exchanger which does not pass 
through the second heat exchanger is bypassed to the 
?rst stage of a multi-stage expander means having re 
heat heat exchangers between its stages for alternately ex 
panding and heating the compressed ?uid to cumulatively 
decrease the pressure of the coolant ?uid while main 
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taining its temperature within predetermined minimum 
and maximum limits. 
The reheat between expander stages and after the last 

stage of expansion takes place within the second of the 
series of heat exchangers mentioned above where the 
expanded coolant ?uid absorbs heat from the compressed 
coolant ?uid. 

After the coolant ?uid from the last stage of expan 
sion leaves this second heat exchanger it ?ows through 
the ?rst of the series of heat exchangers mentioned above 
and is in non-contacting heat transfer relationship with 
and absorbs heat from the compressed coolant ?uid 
?owing therethrough as described above. 

Similarly, the compressed coolant ?uid after ?owing 
through the third heat exchanger where it has absorbed 
heat from and liqui?ed the gas, ?ows through the second 
of the series of heat exchangers in the same ?ow path 
as the coolant ?uid from the last stage of expansion and 
then to the ?rst heat exchanger where, joined with the 
?ow of coolant ?uid from the last expansion stage re 
heat, it absorbs heat from the compressed coolant ?uid 
?owing therethrough. 
To complete the closed loop, the coolant ?uid after 

leaving the ?rst heat exchanger where it has absorbed 
heat from the compressed coolant ?uid, enters the ?rst 
compressor stage for recirculation through the cycle. 
A drive means having a double extended shaft is pro 

vided to effect e?icient power recovery within the system. 
One of the shaft extensions is drivingly connected to the 
compressor means and the other shaft extension is driv 
ingly connected to the expander means such that the 
power recovered in the expander due to the expansion of 
the coolant ?uid is used to drive the compressor. 

Accordingly, an object of the present invention is to 
provide a closed loop or circuit with rotating machines 
for ef?ciently and reliably conditioning a ?uid coolant. 

Another object of the present invention is to provide 
the foregoing system which maintains the ?uid coolant at 
instantaneous optimum conditions throughout its com 
plete cycle of operation; specifically approaching isother 
mal expansion and compression processes, which mini 
mize external power requirements. 

Further objects and advantages of the invention will 
become apparent from a study of the following speci?ca 
tion taken in conjunction with the accompanying draw 
ings wherein, 

In the drawings: 
FIGURE 1 is a diagrammatic illustration of a system 

made in accordance with the present invention, and 
FIGURE 2 is an illustrative pressure-enthalpy diagram 

for the system of FIGURE 1. 
Referring now to the drawings and particularly to FIG 

URE 1, a system in accordance with the present invention 
for conditioning a ?uid coolant by controlled pressure 
and temperature changes is generally comprised of a drive 
or power means 10 which is drivingly connected to a com 
pressor means 20 and an expander means 30 each with 
interstage heat transfer means providing multi-stage com 
pression and expansion cycles, respectively. In addition to 
inter-stage heat transfer means, a primary heat transfer 
means 40 is provided for inter-cycle heat transfer and to 
provide a cold box or process load heat exchanger for 
refrigeration as may be used to liquify gases. 

Rotating mechanical equipment 

Considering ?rst the mechanical aspects of the sys 
tem, the motor or drive means 10 is of a through shaft 
type construction providing shafts 11 and 12 which extend 
therefrom along the common center of rotation and in 
opposite directions from one another. A pair of drive 
gears 13 and 14 are mounted on the ends of the shaft 11 
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and 12, respectively. To facilitate connection of the drive 
means 10, at least one of the shafts, in this instance shaft 
11, may be divided and joined together by a drive cou 
pling 15 in accordance with any of the present day ac 
cepted machine assembly practices. 

Rotating or turbo-machinery preferably is provided for 
the compression and expansion cycles, in each instance 
having more than one stage as may be desired or required 
by the system and its environment. One example of the 
general type of equipment suitable for embodiment here 
in is disclosed by the US. Patent 3,001,692 granted to 
O. Schierl wherein four rotating stages are mechanically 
connected in pairs on opposite sides of a drive center and 
are sequentially ?ow connected with inter-stage coolers 
or heat exchangers. 
As is diagrammatically shown in FIGURE 1, the com 

pressor means 20 is provided with four stages 21, 22, 23 
and 24 mechanically connected in pairs by two shafts 25 
and 26 and has intercoolers 52, 53 and 54 respectively 
between stages 21 and 22, 22 and 23 and 23 and 24, and 
an aftercooler 50 at the discharge of the last compressor 
stage 24 all for purposes to be further described below. 
The shafts 25 and 26 are provided with driven gears or 

pinions 27 and 28, respectively, which are in mesh with 
the drive gear 13. While the gear train of the machine 20 
is herein disclosed as comprising the drive gear 13 and the 
driven gears 27 and 28, this is for facility of description 
and no limitation is intended thereby. It should be under 
stood that a more sophisticated gear train may be re 
quired for the motor means 10 to drive the compressor 
means 20 at its optimum speed. Although gear trains pro 
vide reliable and positive rotating drive connections, other 
types of drives well known in the art may be used in lieu 
thereof. 
The expander means 30 similarly is provided with four 

stages 31, 32, 33 and 34 mechanically connected in pairs 
by two shafts 35 and 36 and has reheat coils 56, 57 and 58 
respectively between stages 31 and 32, 32 and 33, and 33 
and 34, and a reheat coil 46 at the discharge of the last 
expansion stage 34 all for purposes to be further de 
scribed below. 
The shafts 35 and 36 are provided with gears or pinions 

37 and 38, respectively, which are in mesh with the gear 
14. As before, the present three member gear train is to 
facilitate description herein and is not to be construed as 
de?ning any limitation of the present invention. The three 
member gear trains comprised of gears 13, 27 and 28, 
and 14, 37 and 38, respectively, provide a positive rotat 
ing drive connection through the drive means 10 between 
the compressor and expander means 20 and 30 resulting 
in a driving-driven machine assembly which is unitary in 
character with multiple stages thereof all rotating at sub 
stantially optimum speeds during operation. 
The starting torque or load on the drive means 10 will 

be initially high and will gradually reduce during run-up 
to a normal operating torque or load during normal op 
eration. The starting and run-up torque can be reduced by 
absence of compression and expansion, and the various 
stages may be vented (not shown) for this purpose. After 
the vents are closed for operation, the additional torque 
output required from the driving means 10 will be deter 
mined primarily by the compression delivered by the com 
pressor means 20 and the character of the ?uid being 
compressed. 
The expander means 30‘ acts as a ?uid motor during 

operation and normally less or, in some instances, rela 
tively little torque output will be required from the driv 
ing means 10 because forces of expansion in the expander 
stages 31, 32, 33 and 34 will exert a driving torque on 
the shafts 35 and 36, as will be familiar to those skilled 
in this art, and therefore, the speci?c starting torque, run 
up torque and operating torque required from the motor 
or drive means 10v will be determined by the design of 
the equipment, the amounts of compression and expan 
sion delivered, and the nature of the ?uid being condi 
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4 
tioned. It should be realized, however, that by interlock 
ing the expander means 30 to the drive means 10 and the 
compressor means 20 will result in a primary or input 
power savings. 

Heat transfer equipment 

The primary heat transfer means generally designated 
at 40 consists of three separate heat exchange means 
serially connected and designated as preheat heat ex 
changer 41 reheat heat exchanger 44 and cold box heat 
exchanger 47, each having multiple non-contacting ?ow 
paths for ?uid coolant to be further described below. 
As previously mentioned in regard to compressor means 

20 under “Rotating Mechanical Equipment” an inter 
cooler 52 is provided between and is operatively associ 
ated with stages 21 and 22 for receiving compressed ?uid 
coolant from compressor stage 21 and cooling it at 
constant pressure before delivery to the compressor stage 
22 where it is further compressed. Similarly, an inter 
cooler 53 is provided between and is operatively associ 
ated with stages 22 and 23 for receiving compressed ?uid 
coolant from compressor stage 22 and cooling it at con 
stant pressure before delivery to compressor stage 23 
Where it is again compressed to a higher pressure. Further, 
an intercooler 54 is provided between and is operatively 
associated with stages 23 and 24 for receiving compressed 
?uid coolant from compressor stage 23 and cooling it at 
constant pressure before delivery to the compressor stage 
24 where it is once again compressed to an even higher 
pressure. In all the above mentioned intercoolers, 52, 
53 and 54 the coolant ?uid is in a non-contacting heat 
transfer relationship with and is cooled by an independent 
heat transfer medium ?owing therethrough as will be 
familiar to those skilled in this art and will need no further 
explanation. 

After being compressed in compressor stage 24, the high 
pressure ?uid coolant ?ows through an aftercooler 50 
operatively associated therewith as previously mentioned 
and is thereby cooled at constant pressure by being in a 
non-contacting heat transfer relationship with a heat trans 
fer media ?owing therethrough. 
The high pressure coolant ?uid next ?ows through coil 

42, serially connected to aftercooler 50, and disposed 
within preheat heat exchanger 41, where it is in a non 
contacting heat transfer relationship with and is cooled 
at a constant pressure by coolant ?uid ?owing in a coil 43 
as will be further described. 

After being cooled as constant pressure in preheat heat 
exchanger 41 a portion of the high pressure coolant ?uid 
?ows through a coil 45, serially connected to coil 42, and 
disposed within preheat heat exchanger 44, where it is in 
a non-contacting heat transfer relationship with and is 
further cooled at constant pressure by coolant ?uid ?ow 
ing in coils 46, 56, 57 and 58 which function as reheat 
coils between the expansion stages and after the last stage 
of expansion as previously mentioned. 
That portion of the high pressure coolant ?uid ‘which 

has now been cooled in reheat heat exchanger 44 is ex 
panded and thereby cooled in a throttling valve 51 hav 
ing an inlet operatively associated with coil 45 and an 
outlet operatively associated with a coil 48 disposed with 
in cold box heat exchanger 47 wherein the now expanded, 
low temperature coolant ?uid is in a non-contacting heat 
transfer relationship with and cools a process load, such 
as a gas to be be liqui?ed, circulating therethrough in a 
coil 49. 

After absorbing heat from the process load in heat ex~ 
changer 47 and therefore experiencing a constant pres 
sure temperature rise, the coolant ?uid in coil 48 passes 
to coil 46, serially connected thereto and disposed within 
reheat heat exchanger 44, where it is in a non-contacting 
heat transfer relationship with and absorbs heat at con 
stant pressure from coil 45 disposed therein as previously 
mentioned. 

Finally, after ?owing through coil 46, the coolant ?uid 
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?ows through coil 43 serially connected thereto and dis 
posed within preheat heat exchanger 41 where it is in a 
non-contacting heat transfer relationship with and ab 
sorbs heat at a constant pressure from high pressure ?uid 
coolant in coil 42 disposed therein as mentioned above. 
Having completed the cycle of compression, cooling, 

expansion and cooling, and reheat, the coolant ?uid ?ows 
through a conduit 29 operatively associated at one end 
with coil 43 and at the other end to compressor stage 21 
where the coolant ?uid is again compressed and repeats 
the cycle. 
As mentioned above, only a portion of the compressed 

?uid coolant after being cooled in heat exchanger 41 enters 
reheat heat exchanger 44 for further cooling. The balance 
of the ?uid is bypassed to a conduit 39 operatively associ 
ated with coil 42 into the inlet of the ?rst expansion stage 
31 of expander means 30 where it is expanded to a lower 
pressure and temperature. 
A reheat coil 56, disposed within reheat heat exchanger 

44, is serially connected to the discharge of the expan 
sion stage 31 for receiving the expanded ?uid coolant 
and absorbing heat from the ?uid coolant in coil 45 in 
non-contacting heat transfer relationship therewith thus 
increasing the temperature of the expanded coolant ?uid 
at constant pressure. 

Similarly, the inlet of the second expansion stage 32 is 
serially connected to coil 56 for receiving the ?uid coolant, 
after reheat in coil 56 and expanding it to a still lower 
pressure before it passes to a second reheat coil 57 oper 
atively associated therewith and also disposed within re 
heat heat exchanger 44. 
As with coil 56, coil 57 is in a non-contacting heat 

transfer relationship with and receives heat from ?uid 
coolant in coil 45 thus increasing the temperature of the 
expanded ?uid coolant at constant pressure before it 
passes to the inlet of the third expansion stage 33 serially 
connected to coil 57 where the ?uid coolant is again ex 
panded to a lower pressure. 
As with expansion stages 31 and 32, the discharge of 

expansion stage 33 is serially connected to a reheat coil, 
in this case coil 58, disposed within reheat heat exchanger 
44 where it is in a non-contacting heat transfer relation 
ship with and absorbs heat at constant pressure from the 
high pressure ?uid coolant in coil 45. 
To complete the expansion stage of the cycle, a fourth 

expansion stage 34 is serially connected to and receives 
?uid coolant from coil 58 for again expanding the ?uid 
coolant to a still lower pressure after reheat in coil 58. 

After the ?uid coolant is expanded in expansion stage 
34 it passes through a conduit 55 operatively associated 
at one end with the discharge of expansion stage 34 and 
at the other end with coil 46 disposed Within reheat heat 
exchanger 44 where this ?ow is joined by the discharge 
?ow coil 48 as previously mentioned. 

Thus, the combined ?ow in coil 46 is in non-contacting 
heat transfer relationship with and absorbs heat at a con 
stant pressure from the compressed ?uid coolant ?owing 
in coil 45 before passing to coil 43 serially connected 
thereto and which as already mentioned is disposed within 
preheat heat exchanger 41 where the coolant ?uid is in 
a non-contacting heat transfer relationship with and ab 
sorbs heat at constant pressure from the compressed cool 
ant ?uid ?owing in coil 42 before it enters the ?rst com 
pression stage for recycling. 
The changes in pressure and temperature that take 

place in the compression and expansion stages and the 
constant pressure heat transfer process occurring within 
the several heat exchangers as disclosed above are clearly 
shown by reference to a pressure-enthalpy diagram as will 
now be discussed. 

Operation 
FIGURE 2 is a pressure-enthalpy diagram for an illus 

trative system such as shown in FIGURE 1, made in ac 
cordance with the present invention and which arbitrarily 
operates within a pressure range of from 50 to 400 pounds 
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6 
per square inch. Predetermined maximum and minimum 
temperatures of the ?uid coolant being conditioned are 
shown by temperature curves T1 and T2, respectively, for 
the compression cycle and by temperature curves T3 and 
T4, respectively, for the expansion cycle. The inlet and 
outlet pressure and temperature conditions of the ?uid 
coolant with respect to each of the system components are 
indicated by letters a-u and the locations in the system 
are similarly referenced in FIGURE 1. 
As compressed ?uid coolant ?ows through the coil 42 

its heat loss Q, indicated by line (1-1), is absorbed, as indi 
cated by line k-m, by the return ?ow of ?uid coolant 
through the coil 43. At this point, flow from the coil 42 
is apportioned wherein ?ow X is delivered to the expander 
means 30 and ?ow (1-X) is delivered to the reheat heat 
exchanger 44. As the ?uid coolant is conditioned in the 
expansion cycle, a pressure drop will be realized at each 
stage which is indicated by lines b—d, e-f, g—h and i—]', 
respectively, and is cumulative. Thus, the pressure from 
the inlet to the discharge of the expander means 30, drops 
from 400 to 50 pounds per square inch. Each drop in 
pressure is attended by a temperature drop but, unlike 
the pressure losses, these heat losses are not cumulative 
because of the inter-stage reheat as indicated by lines d-e, 
f-g and h-i as the ?uid coolant ?ows through the respec 
tive coils 56, 57 and 58. Discharge ?ow X from the ex 
pander means 30 has now reached the location in the 
system to be re-united with working ?ow (1—X). 
The working ?ow of ?uid coolant through the coil 45 

realizes a further heat loss Q, indicated by line b-c, which 
provides the reheat for the expansion cycle and is partially 
absorbed, as indicated by line ]'—k, by the return ?ow of 
?uid coolant through the coil 46. Discharging ?ow from 
the coil 45 passing through the throttling valve 51 realizes 
a sharp drop in pressure, indicated by line c-l, and the 
working ?ow (l-X) of ?uid coolant is at its minimum 
pressure and temperature as it approaches the process 
load of cold box heat exchanger 47. 
As the gas to be liqui?ed by refrigeration ?ows through 

coil 49 it realizes a heat loss Q which is absorbed, as 
indicated by line l--]', by the working ?ow (1-X) of ?uid 
coolant through the coil 48. The discharging ?ow (l-X) 
now re-unites with the discharge ?ow X from the expander 
means 30 to provide a full return ?ow of ?uid coolant. 
The return ?ow of ?uid coolant from the coil 43, which 

has absorbed heat from the high pressure ?uid coolant, 
?ow through the coil 42 as previously discussed, is de 
livered to the compressor means 20. The pressure of the 
?uid coolant is increased at each compression stage, as 
indicated by the lines m-n, 0-p, r—s and t-u, respectively, 
which is cumulative. Therefore, the pressure of the ?uid 
coolant, from the inlet to the discharge of the compressor 
means 20, rises from 50 to 400 pounds per square inch. 
Each pressure rise is attended by an increase in tempera 
ture which is not realized cumulatively because of the 
action of the inter-coolers 52, 53 and 54 with the after 
cooler 50, as indicated by lines n-o, p-r, s-t and u-a, 
respectively. 

Accordingly, ?ow of ?uid coolant through each of the 
compressor means 20 during the compression cycle and 
the expander means 30 during the expansion cycle realizes 
a. multi-step or multi-stage pressure change which is cu 
mulative while the temperature varies between two pre 
determined limits because of temperature change from 
compression or expansion coupled with the action of the 
heat transfer means operatively associated with the vari 
ous stages. 
The main or primary heat transfer means 40, in effect, 

provides a multi-stage conditioning upon the ?uid coolant. 
The preheat exchanger 41 acts as a compression cycle heat 
exchanger means wherein the transfer of heat is effected 
between the inlet and discharge ?ows to and from the 
compressor means 20. The reheat heat exchanger 44 ac 
complishes second stage heat transfer wherein the working 
flow of ?uid coolant gives up heat both to the return ?ow 
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of ?uid coolant through the coil 46 and to provide the 
reheat for the expansion cycle. The third stage heat trans 
fer or work output of the system is accomplished in the 
cold box or process load heat exchanger 47 wherein the 
process load or heat from the gas to be liqui?ed ?owing 
through the coil 49 is absorbed by the ?ow of ?uid coolant 
through the coil 48. 
By the foregoing, it should be readily understood that a 

system made in accordance with the present invention 
conditions a ?uid coolant in a closed loop or circuit to 
accomplish a desired amount of Work efficiently and eco 
nomically, maintains the ?uid coolant in instantaneous 
optimum conditions through the complete system operating 
cycle and provides for power recovery by coupling the 
expander means 30 to the compressor means 20 through 
the drive means 10. 

It will be understood that the invention is not to be 
limited to the speci?c construction or arrangement of parts 
shown but that they may be widely modi?ed within the 
invention de?ned by the claims. 
What is claimed is: 
1. A system for conditioning a ?uid coolant to liquify 

gases by refrigeration, comprising: 
compressor means including cooling means for cumula 

tively increasing the pressure of the ?uid coolant while 
maintaining its temperature within predetermined 
minimum and maximum levels, said compressor 
means having multi-stage expansion means integrally 
mounted on multiple power gears; 

expander means including reheat means for cumulatively 
decreasing the pressure of the ?uid coolant while 
maintaining its temperature within predetermined 
minimum and maximum levels, said expander means 
having multi-stage expansion means integrally 
mounted on multiple power gears; 

primary heat transfer means ?ow connected to said 
compressor and expander means, and including a 
cold box heat exchanger for effecting a transfer of 
heat from the gases to be liqui?ed to the ?uid coolant; 
and 

drive means connected to said compressor and expander 
means, and providing a driving connection therebe 
tween thereby permitting power recovery in said sys 
tem to be delivered directly from said expander means 
to said compressor means, said drive means being 
provided with a common shaft connecting said ex 
pander means to said compressor means through both 
said multiple power gears. 

2. The system in accordance with claim 1, wherein: 
said cooling means being a plurality of inter-stage 

coolers each ?ow connected between a different two 
of said multi-stage compressing means; and 

said reheat means being a plurality of inter-stage ?ow 
paths disposed in said primary heat transfer means 
each ?ow connected between a different two of said 
multi-stage expansion means. 

3. The system in accordance with claim 2, and 
said cooling means further including an aftercooler 

connecting the discharge of the last multi-stage com 
pressing means to said primary heat transfer means. 

4. The system in accordance with claim 3, wherein: 
said primary heat transfer means is provided with means 

for apportioning discharging ?ow of the ?uid coolant 
from said compressor means for providing inlet ?ow 
of ?uid coolant to said expander means and a work 
ing ?ow of ?uid coolant to said cold box heat ex 
changer. 

5. The system in accordance with claim 3, wherein: 
said primary heat transfer means is provided with a 

?rst heat exchanger having a ?rst ?ow path connected 
to said aftercooler to receive ?uid coolant dis 
charging therefrom, and a second ?ow path connected 
to the inlet of the ?rst of said multi-stage compress— 
ing means. 

6. The system in accordance with claim 57 wherein: 
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said primary heat transfer means is further provided 
with a reheat exchanger having a ?rst ?ow path 
connected to said ?rst ?ow path of said ?rst heat 
exchanger, and a second ?ow path connected to said 
second ?ow path of said ?rst heat exchanger; 

said reheat ?ow paths being disposed in said reheat 
exchanger; and 

said cold box heat exchanger having a ?ow path for 
?uid coolant ?ow connected between said ?rst and 
second ?ow paths of said reheat exchanger. 

7. The system in accordance with claim 6, and 
said primary heat transfer means being provided with 

pressure reducing means connecting said ?rst ?ow 
path of said reheat exchanger to said ?ow path of 
said cold box heat exchanger. 

8. The system in accordance with claim 6, and 
the ?rst stage of said multi-stage expansion means 

having an inlet connected between said ?rst ?ow 
paths of said ?rst heat exchanger and reheat 
exchanger; and 

the last stage of said multi-stage expansion means 
having a discharge connected between said second 
?ow path of said reheat exchanger and said ?ow 
path of said cold box heat exchanger. 

9. The system in accordance with claim 8, and 
said primary heat transfer means being provided with 

pressure reducing means connecting said ?rst ?ow 
path of said reheat exchanger to said ?ow path of 
said cold box heat exchanger. 

10. A system for conditioning a ?uid coolant to be 
used as a refrigerant comprising: 

multi-stage compressor means having cooling means 
between the stages for alternately compressing and 
cooling said ?uid coolant; 

an aftercooler means serially connected to the last of 
said compressor stages for receiving said compressed 
?uid coolant for cooling said compressed ?uid 
coolant; 

a ?rst heat transfer means serially connected to said 
aftercooler means for further cooling said com 
pressed ?uid coolant in non-circulating heat transfer 
relationship with expanded ?uid coolant ?owing 
therethrough; 

conduit means operatively associated with said ?rst 
heat transfer means for receiving said expanded ?uid 
coolant and transmitting it to the ?rst of said com 
pressor stages; 

a second heat transfer means having a plurality of 
?ow paths for said ?uid coolant wherein the ?rst 
of said ?ow paths is serially connected to said ?rst 
heat transfer means for receiving a portion of said 
compressed ?uid coolant ?owing therethrough and 
further cooling it, and a second of said ?ow paths 
is serially connected to said ?rst heat transfer means 
for delivering said expanded ?uid coolant thereto; 

throttling means serially connected to the said ?rst 
?ow path for receiving said compressed ?uid coolant 
?owing therethrough and expanding it to a lower 
pressure and temperature; 

a third heat transfer means serially connected to said 
throttling means for receiving said expanded ?uid 
coolant wherein said ?uid coolant acts as a refriger 
ant in non-contacting heat transfer relationship with 
a ?uid to be cooled ?owing therethrough; 

conduit means serially connected to said third heat 
transfer means for receiving said ?uid coolant and 
transmitting it to said second ?ow path in said 
second heat transfer means; 

multi-stage expansion means having heating means 
between the stages for alternately expanding, and 
heating a portion of said ?uid coolant; 

conduit means operatively associated at one end with 
the ?rst of said expansion stages and at the other 
end with said ?rst heat transfer means for receiving 
a portion of said compressed ?uid coolant ?owing 
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therethrough and transmitting it to said ?rst expan 
sion stage; 

conduit means operatively associated at one end with 
the last of said expansion stages and at the other 
end with said second ?ow path in said second heat 
transfer means for receiving said expanded ?uid 
coolant and transmitting it to said second ?ow path; 
and 

drive means operatively associated with said multi 
stage compressor means and said multi~stage 
expansion means. 

11. The system as in claim 10 wherein said heating 
means between said expansion stages are disposed within 
said second heat transfer means and are in non~contacting 
heat transfer relationship with said compressed ?uid 
coolant ?owing in said ?rst ?ow path. 

12. The system as in claim 10 wherein said drive means 
has a common shaft connecting said expansion means to 
said compressor means through said drive means to 
permit said compressor means to use power recovered 
‘by said expansion means from the expansion of said fluid 
coolant. 

13. The system as in claim 12 wherein said common 
shaft has rotatably disposed on each end a driving gear 
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in mesh with driven gears rotatably disposed on a shaft 
operatively associated with said compressor means and a 
shaft operatively associated with said expansion means 
respectively. 

14. The system as in claim 13 wherein said heating 
means between said expansion stages are disposed within 
said second heat transfer means and are in non-contacting 
heat transfer relationship with said compressed ?uid 
coolant ?owing in said ?rst ?ow path. 
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