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POWERED MOBILE LIQUEFIED GAS CARRIERS 

This invention relates to powered mobile lique?ed 
gas carriers, particularly waterborne vessels such as 
marine tankers, in which the lique?ed gas is contained 
in at least one insulated vessel at the appropriate low 
temperature and substantially normal pressure, any gas 
produced by evaporation being collected and being 
supplied as an energy source to a combustion operation 
for driving the carrier. The invention also relates to 
methods of operating such lique?ed gas carriers. 
When lique?ed natural gas, methane or some similar 

material with a low boiling point, is transported it is not 
possible to prevent the constant ingress of heat from 
the exterior into the vessels despite good insulation and 
to prevent liquefied gas being evaporated by this heat. 
Efforts are made to minimise the economical losses re 
sulting from evaporation of the charge. This applies 
more particularly to the transport of lique?ed gases by 
sea. Gas produced by evaporation during such trans 
port is collected and is used as an energy source for the 
ship’s propulsion system. 
The result of previous methods are however unsatis 

factory for reasons explained below. Despite the com 
plex insulation with which the tanks of the lique?ed gas 
tankers are provided the evaporation losses are still be 
tween 0.20 to 0.35 percent of the total load per day, de 
pending on the size of the ship. Given a common stan 
dard size of ship which has cargo space for 125,000 m3 
of liquefied natural gas, this means that the average 
daily loss of gas by evaporation amounts'to approxi 
mately 300 m3, corresponding'to 178,000 m3 of gas at 
NTP per day. According to a process which in practice 
is.used almost exclusively, this amount of gas, repre 
senting an unavoidable cargo loss, is supplied as fuel to 
the main propulsion plant of the ship. To this end, it is 
necessary to extract the gas from the tanks, to com 
press it and to heat it at least to ambient temperature. 
The amount of evaporation stated in the previous nu 
merical example corresponds to an output of 29,700 
metric shaft hp when the gas is burnt in a modern ship’s 
boiler plant. Since regulations do not permit gas to be 
used as the sole fuel and the maximum proportion may 
not exceed 85 to 90 percent of the fuel such a ship must 
at present be provided with a propulsion plant which 
has a minimum rating of 33,000 shaft hp. 
The unavoidable evaporation losses also involve a re 

duction of the actually available transportation space 
because the evaporation losses must be allowed for 
during travelling. Moreover, a certain quantity of lique 
?ed gas must remain in the cargo tanks when the ship 
travels empty so that the tanks may be constantly main 
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tained at the speci?ed low temperature so that the ef- _ 
fective space is still further reduced. Owing to this re 
duction of the cargo space and because of the high cost 

- of the liquefied gas thus transported, it follows that the 
solution adopted hitherto of utilising the evaporation 
losses for heating the ship's boilers or the like is eco 
nomically unsatisfactory. 
Conventional re-liquefying methods and plants have 

not so far been employed because such known methods 
and equipment involve high capital costs and call for 
large quantities of energy for operating them. 
According to one aspect of the present invention, in 

a method of operating a powered mobile liquefied gas 
carrier in which the lique?ed gas is contained in at least 
one insulated vessel at the appropriate low temperature 

2 
and substantially normal pressure, gas produced by 
evaporation is collected and is divided into two part 
flows, a first part ?ow being compressed in itself and, 
while being cooled and lique?ed, transferring heat to 
the second part, the re-lique?ed gas of the ?rst part 
?ow being expanded and returned to the vessel and the 
heated second part ?ow being supplied as an energy 
source for driving the carrier. 
Accordingly, the basic idea of the invention is to di 

vide the gas produced by evaporation into two part 
?ows of which one is used to preheat the other while 
requiring only a small amount of energy for compres 
sion, heat dissipation being regulated so as to achieve 
renewed liquefaction of the previously compressed part 
flow. 
By contrast to the previous methods in which the gas 

produced by evaporation and to be supplied for com 
bustion is ?rst compressed and then heated, additional 
energy being required for both operations, the inven 
tion proposes that the part ?ow to be used in the pro 
pulsion plant is ?rst heated by the energy which is sup 
plied for compressing the part flow that is to be re 
lique?ed and is then compressed for further utilisation. 
This results in a particularly advantageous energy utili 
sation, the effective evaporation losses being also sub 
stantially reduced. 
To cool the ?rst part ?ow which is to be returned it 

is possible for the second part ?ow to be utilised in a 
lower temperature range of the ?rst part flow. The en 
tire amount of gas produced by evaporation may be di 
vided into the two part flows in a ratio controlled by re 
liquefaction. 
Preferably the ?rst part flow is compressed substan 

tially adiabatically by utilising energy derived from the 
drive of the carrier but the energy may be derived from 
an auxiliary source of power. 
The second part ?ow, i.e., the part ?ow which is to 

be supplied to the propulsion system of the gas carrier, 
may be compressed after it has been heated by the first 
part ?ow, i.e., the part ?ow which is to be re-lique?ed. 
The ?rst and second part ?ows may be conducted in 
countercurrent for the said transfer of heat. The re 
lique?ed gas may be subjected to after-cooling. In a 
modi?ed method, in order to improve the ef?ciency 
still further, the entire collected gas may be utilised for 
cooling the ?rst part ?ow prior to division into the two 
part ?ows. The ?rst ‘part flow which is to be supplied 
to the compressor therefore has a higher temperature 
than in the ?rst described method. The latter method 
has the advantage of reducing the amount of equip 
ment required. It is possible to use simpler and less ex 
pensive compressors for the part flow which is to be re 
turned to the vessel and it is also possible to utilise heat 
exchangers which are smaller. In addition to permitting 
the use of less expensive apparatus, the modified 
method also leads to better utilisation of energy thus 

_ providing an overall economic improvement. The com 
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pressor may operate with the part ?ow to be returned ‘ 
at an inlet temperature which is approximately 40°C 
higher than in the ?rst mentioned method. 

Preferably cooling is performed with the collected 
gas in the low-temperature range and the part flow 
which is to be supplied for combustion is used for cool 
ing thepart flow which is conducted through the com 
pressor'and is to be returned to the vessel in the higher 
temperature range. The part ?ow of the collected gas 
to be supplied for combustion may be branched off at 
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a temperature level which corresponds substantially to 
the condensation temperature. 
The methods according to the invention may be rela 

tively easily and simply controlled. The ratio between 
the part flows ?uctuates only within narrow limits in 
normal operation. A three-way valve, which is control 
lable by the condensation pressure and is disposed at 
the point of division into the branch ducts may be used 
to provide the main control. 
According to another aspect of the present invention, 

a mobile lique?ed gas carrier has means for utilising 
evaporated lique?ed gas to drive the carrier, an insu 
lated vessel to contain lique?ed gas, a gas delivery duct 
leading from the vessel and dividing into branch ducts, 
the ?rst branch duct leading through a compressor, one 
side of a heat exchanger means and an expansion ele 
ment and back to the insulating vessel, and the second 
branch duct leading through the other side of the heat 
exchanger means to the drive means. 
The invention may be carried into practice in various 

ways but two systems of operating a lique?ed gas carry 
ing ship and their mode of operation in accordance 
with the invention, together with a previously proposed 
system, will now be described with reference to the ac 
companying drawings, in which: 
FIG. 1 shows a ship in simpli?ed form; 
FIG. 2 is a diagram of a previously proposed system 

for dealing with evaporated gas; 
FIG. 3 is a diagram of a system operating in accor 

dance with the present invention; 
FIG. 4 is a graph in which the pressure and enthalpy 

of the gas/liquid as it passes through the system shown 
in FIG. 3 are plotted; and 
FIG. 5 is a diagram of a modi?ed system. 
FIG. 1 shows in simplified form a ship 10 having a 

number of insulated vessels 12, 14 which, in this case, 
are of spherical shape and contain liquefied natural gas. 
Other shapes are possible and are commonly used. The 
insulation of the insulated vessels is constructed in the 
usual way so that the evaporation loss resulting from 
the action of the heat of water and air on the vessels is 
reduced to the lowest level which is economically justi 
?able. The gas nevertheless generated due to evapora 
tion of the lique?ed gas is collected by a duct 18 which 
communicates through connections 18a, 18b with the 
insulating vessels l2, 14, the gas being supplied to the 
ship’s propulsion apparatus 16. A re-liquefying device 
20 is provided into which the duct 18 leads and from 
which a duct 24 extends to a device in the ship’s pro 
pulsion apparatus 16 to deliver a part ?ow of the evap 
orated gas for combustion in the apparatus 16. In this 
way, the gas is burnt to yield thermal energy. A duct 22 
also extends from the device 20 to the vessels 12, 14 in 
order to return re-liquefied gas via connections 22a, 
2212 into the vessels. Where there is a number of vessels 
it is not necessary for all the vessels to be connected to 
the return duct 22. Since only part of the gas produced 
as a result of evaporation is again lique?ed it is suffi 
cient to provide connections for a corresponding maxi 
mum re-liquefaction ?ow. 
To illustrate the advantages of the invention, FIG. 2 

shows a previously proposed system by means of which 
gas produced by the evaporation of lique?ed gas was 
utilised for combustion. In this device the collected gas 
is supplied through a duct 100 to a compressor 102 the 
output of which is connected through a duct 104 to a 
heat exchanger 106. The gas discharged from the heat 
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4 
exchanger is fed through a duct 108 into a combustion 
device. At the inlet to the compressor 102 the gas has 
a temperature ! of approximately -—l50°C and a pres 
sure p = 1 atm abs. At the output of the compressor t 
-l25°C, p = 1.7 atm abs. After leaving the heat ex 

changer, t= +20°C, p = 1.7 atm abs. 
The heat exchanger 106 is operated with a glycolwa 

ter mixture which must be correspondingly preheated‘. 
To this end, a heat exchanger 112 is provided which is 
supplied with steam via a duct 110. The exhaust steam 
from the heat exchanger 112 is discharged via a duct 
114. The glycol-water mixture heated by the steam 
passes from the heat exchanger 112 via a duct 116 to 
the heat exchanger 106. Convection in this case is in 
suf?cient to ensure circulation and for this reason a 
pump 120 is provided for the glycol-water mixture cir 
culation. The partially evaporated glycol-water mixture 
passes from the heat exchanger 106 via a duct 119 into 
a glycol-water mixture storage tank 118. A by-pass 
connection 117 is provided between the duct 116 and 
the duct 119. The storage tank 118 communicates with 
the inlet of the pump 120 through a duct 121. The sys 
tem is provided with valves for regulation purposes, 
these valves being controlled by devices designated by 
the letters TC in dependence on the temperatures 
which prevail in the various parts of the system. 

Pressure control means 103 are provided for the 
compressor 102. A level indicator LI is also provided 
for monitoring purposeson the tank 118 and is adapted 
to deliver a signal for controlling the system when the 
level approaches a maximum or minimum. 
The explanation above of the previously proposed 

system indicates that on the one hand it calls for a sub 
stantial amount of equipment and on the other hand 
prepares the gas resulting from evaporation practically 
only for combustion to which end additional substantial 
amounts of energy are required. 
A re-liquifying device 20 constructed and operating 

in accordance with the invention is shown in detail in 
FIG. 3. In this device, the duct 18 leads to a controlla 
ble three-way valve 26 in which the entire incoming 
?ow of gas is divided into two part flows. This division 
is performed at a defined, controlled ratio. One part 
flow is fed by the valve 26 through a duct 28 to the inlet 
of a compressor 30 and compressed. The outlet of the 
compressor is connected through a duct 32 to a con 
denser 34 which, together with a condensate collector 
and after-,cooler 36,},forms an integral structural unit 
operating as a heat exchange means. The gas which is 
heated and compressed by the compressor 30 is lique 
?ed in the unit 34, 36 after giving up heat to the gas 
which is to be burnt. To this end, the compressed gas 
is passed into heat exchange relation with the other gas 
part flow to cool and reliquify the compressed part flow 
while heating the other part ?ow. After being cooled, 
the liquefied gas which is received by the collector may 
be returned by a duct 22 and an expansion valve‘62 to 
the vessels 12, 14. The second, larger part ?ow flows 
from the valve 26 through a duct 40 to the gas duct sys 
tem of the collector and aftercooler 36, illustrated in 
simplified form as a cooling coil, in counter-?ow to the 
compressed gas ?ow so as to cool and reliquify the 
compressed gas ?ow. A duct 44 with which the duct 40 
communicates through a by-pass 46 containing a valve, 
supplies the gas to a cooling coil 48 in the condenser 
34. From there the gas which has been substantially 
heated passes through a duct 50 to the inlet of a com‘ 
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pressor 52 and is appropriately compressed therein for 
combustion. The gas then passes through a duct 24 to 
the combustion means of the propulsion system. The 
compressors 30, 52 are also used for drawing the gas 
from the vessels l2, l4. ' 
The system shown in FIG. 3 is provided with appro 

priate means for controlling the process in the individ 
ual sections. Pressure~dependent regulating devices are 
designated with the letters PC in FIG. 3 while regulat 
ing devices which depend on the ?lling level are desig 
nated with the letters LC. Pressure regulating means 54 
are disposed between the duct 18 and the compressor 
52 to ensure that the pressure in the vessels l2, 14 re- ‘ 
mains constant. Pressure-dependent rotational speed 
regulating means 56 are provided for the compressor 
30. To divide the gas which flows through the duct 18 
into the part ?ows the valve 26 is controlled by the con 
densation pressure (compression pressure) in the duct 
32 by means of a device 58. 
As regards the collector 36 it is important that it is 

always ?lled to a minimum level and does not exceed 
a maximum level. A level control system 60 which con 
trols an expansion valve 62 in the return duct 22 is pro 
vided to control this state. 
The invention is further explained by reference to the 

graph shown in FIG. 4. The enthalpy i is plotted on the 
abscissa and the logarithm of the pressure log p is plot 
ted on the ordinate. The curves labelled rhl and "'12 
show the changes in pressure in enthalpy in the ?rst 
part ?ow passing at a rate rill from the valve 26 along 
the duct and the second part ?ow passing at a rate rhz 
from the valve 26 along the line 40, the referenced 
points on the curves corresponding to the similarly ref 
erenced parts of the system shown in FIG. 3. 
The following relationships must be observed in con 

sidering the graph: 

Q effective for liquefaction = ,5: I [2 ; "'12 (in _ I‘) 

where x is the proportion of gas in the condensate. 
The cost effective energy which is to be supplied for 

liquefying the aforementioned part quantity is a mini 
mum because the compression energy to be applied is 
utilised within the overall efficiency for heating the gas 
which is supplied for combustion. 
The following numerical examples are given with ref 

erence to FIGS. 3 and 4 and the previously stated for 
mulae. The point designations refer to correspondingly 
designated points in FIGS. 4 and 3. 

Table 1 

Point T in °K p in mm abs 1' in kcal/kg 
l 123 1.0 127.7 
2 339 40 232.4 
3 186.5 40 79.5 
4 I33 40 19.8 
5 112.5 1.06 19.8 
2 a 300 0.95 218.8 
3 a 350 1.7 — 

Gas proportion in the condensate x = 0.155 
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l—x=0.845 

Ai1=i2 —- i4 = 232.4 — 19.8 = 212.6 kcal/kg 

Aiz =.i2,, — i, = 218.8 — 127.7 = 91.1 kcal/kg 

mllm total = 91.1/212.6 + 91.1 130.3 = 30 

The numerical example con?rms that approximately 
one third of the gas yielded by evaporation may be 
relique?ed with apparatus of the same order of magni 
tude as that employed hitherto. The graph of FIG. 4 
also shows that pressure and temperature are initially 
increased for the part ?ow that is to be lique?ed. The 
temperature is then reduced at constant pressure. li 
quefaction occurring at a de?ned point which depends 
on p and T. After further cooling the gas is expanded 
combined with further temperature reduction. 
A modi?ed re-liquifying device 20 constructed and 

operating in accordance with the present invention is 
illustrated in FIG. 5. The duct 18 leads to the three-way 
valve 26 from which a line 28 leads to a heat exchanger 
unit 65. The heat exchanger unit 65 comprises three 
parts, namely an outlet cooler 66, a condenser 67 and 
an inlet cooler 68. All parts of the heat exchanger unit 
are preferably combined in one structure. The duct 28 
extends through the outlet cooler 66 as a cooling duct 
69 which leads into the cooling duct 70 of the con 
denser. A cooling duct 72 in the inlet cooler 68 com 
municates with the cooling duct 70 via a three-way 
valve 71. The stream of collected evaporated gas is sub 
divided into two part ?ows by the three-way valve 71. 
One part ?ow passes from the valve 71 through the 
cooling duct 72 of the inlet cooler and a duct 73 to a 
compressor 74 where the gas of the part ?ow which has 
been heated in the meantime is compressed for com 
bustion. ' 

A part flow which is smaller than the part ?ow in 
tended for combustion passes from the valve 71 
through a duct 40 into a compressor 75 in which the 
gas which has already been heated in the heat ex 
changer unit above the original temperature of the ves 
sels 12, 14 is compressed while being heated, substan 
tially'adiabatically. The compressed gas which now has 
a temperature substantially higher than the original 
temperature of the vessels then passes through a duct 
76 into the heat exchanger unit 65. In this unit the gas 
from the compressor 75 gives up heat by counter-?ow 
to the gas which passes to combustion and to the undi 
vided stream of the collected gas. After pre-cooling in 
the inlet cooler 68, the gas is lique?ed in the condenser 
67 and is further cooled in the outlet cooler 66. The liq 
ue?ed cooled gas passes through an expansion valve 77 
into the duct 22 for return to the vessels 12 and 14. 
To start the system a part ?ow is first branched off at 

the valve 26 and passed via a duct 78 into the duct 40 
and thence to the compressor 75. The duct 78 passes 
through a heating device 79 which may be operated, 
for example, with sea water and which replaces pre 
heating in the zones 66 and 67 during the starting 
phase. The device or system is changed over after start 
ing up so that none of the collected gas is branched off 
at the valve 26 and the division is performed at the 
valve 71. 
The system incorporates various controllers which 

are shown as P or LC respectively in the drawing. LC 
refers to a level controller disposed on the outlet cooler 
to ensure that a de?ned liquid level is always present in 
the outlet cooler 66. The controller LC therefore com 
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municates with a valve 77 which also has a volumetric 
control function for expansion. Control devices are 
also provided at the compressors 74, 75. For example 
the controller on the compressor 74 may communicate 
with the valve 26 and establish a relationship between 
the gas supplied from the vessels and the gas which is 
to be delivered for combustion. The pressure at the 
outlet from the compressor 75 may be related to the di 
viding ratio at the valve 71. 

In the system shown in H6. 5), the entire mass ?ow 
from the vessels 12 and 14 gives up part of its refrigera 
tion energy for condensation and ?nal cooling of the 
part flow which is branched off from the total ?ow after 
emerging from the condenser. It is essential that the en 
tire mass flow is utilised for cooling the return part flow 
over a substantial part of the negative temperature 
range. 
What we claim is: 
l. A method of operating a powered mobile lique?ed 

gas carrier in which lique?ed gas is contained in at least 
one insulated vessel at the appropriate low temperature 
and substantially normal pressure, in which method gas 
produced by evaporation is collected and is divided 
into ?rst and second part flows, the ?rst part ?ow being 
compressed in itself and, while being cooled and lique 
?ed, transferring heat to the second part ?ow, the re 
liquefied gas of the ?rst part flow being expanded and 
returned to the vessel and the heated second part ?ow 
being supplied as an energy source for driving the car 
rier. 

2. A method as claimed in claim 1 in which the sec 
ond part ?ow is additionally used for cooling the ?rst 
part ?ow, which is to be returned, in a lower tempera 
ture range of the ?rst part ?ow. 

3. A method as claimed in claim 1 in which the whole 
of the gas produced by evaporation is divided into the 
two part ?ows at a ratio controlled by the re 
liquefaction of the ?rst part ?ow. ' 

4. A method as claimed in claim 1 in which the ?rst 
part flow is compressed substantially adiabatically by 
utilising energy derived from the drive of the carrier. 

5. A method as claimed in claim 1 in which the sec 
ond part ?ow is compressed after having been heated 
by the ?rst part flow. 

6. A method as claimed in claim 1 in which the ?rst 
and second part flows are conducted in countercurrent 
for the said transfer of heat. 

7. A method as claimed in claim 1 in which the re 
liquefied gas is subjected to ?nal cooling. 

8. A method as claimemd in claim 1 in which the en 
tire collected gas is utilised for cooling the ?rst part 
?ow prior to division into two part flows. 

9. A method as claimed in claim 3 in which cooling 
is performed with the entire collected gas in a low tem 
perature range and the second part ?ow is utilised for 
cooling the first part ?ow conducted through the com 
pressor and returned to the vessel in a temperature 
range above the low temperature range. 

10. A method as claimed in claim 9 in which the sec 
ond part flow is branched off from the collected gas at 
a temperature level which corresponds substantially to 
the temperature of condensation. 

11. A method as claimed in claim 9 in which the en 
tire gas flow is divided into the two part flows after 
passing through a ?nal cooling zone and condensation 
zone for the ?rst part flow. 
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12. A mobile lique?ed gas carrier having means for 

utilising evaporated lique?ed gas to drive the carrier, 
an insulated vessel to contain lique?ed gas, a gas deliv 
ery duct leading from the vessel and dividing into 
branch ducts, the ?rst branch duct leading through a 
compressor, one side of a heat exchanger means and an 
expansion element and back to the insulating vessel, 
and the second branch duct leading through the other 
side of the heat exchanger means to the drive means. 

13. A gas carrier as claimed in claim 12 in which the 
heat exchanger means includes a condenser for the 
?ow in the ?rst branch duct and a condensate receiver 
through both of which the gas delivery duct passes. 

14. A gas carrier as claimed in claim 12 in which the 
heat exchanger means comprises an inlet cooler, a con 
denser and an outlet cooler which are connected in se 
ries in the ?rst branch duct and are combined into one 
structural unit. 

15. A gas carrier as claimed in claim 12 in which the 
‘Heat, exchanger means includes a condenser for the 
flow in the ?rst branch duct and a condensate receiver 
through both of which the second duct passes. 

16. A gas carrier as claimed in claim 15 in which the 
second branch duct extends from the heat exchange 
means via a compressor to the drive means. 

17. A method of operating a propulsion system for a 
powered mobile liqui?ed gas carrier having at least one 
insulated vessel containing liqui?ed gas, said method 
comprising . 

collecting gas generated due to evaporation in the 
vessel, 

dividing the collected gas into two part flows, 
compressing one of said part flows, 
passing the compressed part flow into heat exchange 

relation with the other of said part ?ows to cool 
and re-liquify the compressed part flow while heat— 
ing said other part ?ow, > 

returning said re-liqui?ed part ?ow to one of the'ves 
sels, and 

passing said heated part flow to the propulsion sys 
tem for driving the carrier. 

18. A mobile liquid gas carrier having 
a propulsion apparatus for driving the carrier, 
at least one vessel for containing liqui?ed natural gas, 
a gas delivery duct communicating with said vessel to 

collect evaporated gas from said vessel, 
a re-liquifying device connected to said duct to re 

ceive the evaporated gas for re-liquifying a part 
?ow of the evaporated gas, 

a ?rst duct extending from said device to said vessel 
to return the part ?ow of re-liquified gas from said 
device to said vessel, and 

a second duct extending from said device to said pro 
pulsion apparatus to deliver a second part ?ow of 
evaporated gas from said device to said propulsion 
apparatus for combustion therein. 

19. A mobile liquid gas carrier as set forth in claim 
18 wherein said re-liquifying device includes a control 
lable three-way valve connected to said gas delivery 
duct; a heat exchanger unit having an outlet cooler, 
condenser and inlet cooler; a ?rst cooling duct in said 
outlet cooler connected to said valve to receive the 
evaporated gas; a second cooling duct in said con 
denser connected to said ?rst cooling duct to receive 
the evaporated gas therefrom; a second three-way 
valve connected to said second cooling duct; 21 third 
cooling duct in said inlet cooler connected to said sec 
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and valve to receive a part flow of evaporated gas 
therefrom; and a compressor connected to said second 
valve to receive and compress a second part ?ow of the 
evaporated gas therefrom, said compressor being con 
nected to said heat exchanger unit to deliver the com 
pressed second part ?ow thereto for counterflow over 
said cooling ducts. 

20. A mobile liquid gas carrier as set forth in claim 
18 wherein said re-liquifying device includes a control 
lable three-way valve connected to said gas delivery 
duct, a compressor connected to said valve to receive 
and compress a ?rst part ?ow of the evaporated gas, a 
heat exchange means connected to said compressor to 
receive the compressed first part ?ow from said com 

20 

25 

35 

40 

45 

50 

55 

65 

10 
pressor, said heat exchange means being connected to 
said valve to receive a second part ?ow of the evapo 
rated gas for flow therethrough in 'countercurrent to 
the compressed ?rst part flow to cool and re-liquify the 
compressed first part ?ow. 

21. A mobile liquid gas carrier as set forth in claim 
20 wherein said device further includes a second com 
pressor connected to said heat exchange means to re 
ceive and compress the second part ?ow and wherein 
said first duct connects to said heat exchange means to 
receive the cooled ?rst part flow and said second duct 
connects to said second compressor to receive the 


