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[57] ABSTRACT ' 

The present invention relates to a method of continu 
ously vaporizing and superheating liquefied cryogenic 
?uid for an ultimate use. A stream of lique?ed 
cryogenic ?uid is passed in heat exchange relationship - 
with a stream of ambient water so that the cryogenic 
?uid is heated and vaporized. The vaporized cryogenic 
?uid stream is divided into first and second portions 
and the ?rst portion is passed in heat exchange rela 
tionship, with the input combustion air to a gas tur 
bine engine so that the air is cooled and the power 
output of the turbine increased. The second portion is 
passed in heat exchange relationship with the exhaust 
gases generated by the gas turbine engine so that the 
second portion is superheated to a predetermined 
temperature level, and the first and second portions of 
the vaporized cryogenic ?uid stream are then com 
bined so that a stream of vaporized cryogenic ?uid su 
perheated to a desired temperature level is produced. 
The power output of the gas turbine is advantageously 
used for providing power for pumping the streams of 
lique?ed cryogenic ?uid and ambient water. 

18 Claims, 4 Drawing Figures 
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METHOD OF CONTINUOUSLY VAPORIZING AND 
SUPERHEATING LIQUEFIED CRYOGENIC FLUID 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a method 

of continuously vaporizing and superheating lique?ed 
cryogenic ?uid, and more particularly, but not by way 
of limitation, to a method of vaporizing and superheat 
ing a stream of lique?ed cryogenic fluid wherein the 
fluid is vaporized by heat exchange with ambient water 
and then superheated by heat exchange with gas tur 
bine engine exhaust gases. ' 

2. Description of the Prior Art 
It is well known that it is economically advantageous 

to store and transport cryogenic ?uids such as natural 
gas and the like in the liquid state. Commonly, such 
?uids are refrigerated and lique?ed at the site of their 
production and transported while in the liquid state to 
areas where they are to be utilized. The lique?ed ?uids 
are then revaporized and superheated to desired tem 
perature levels at the areas of use. The term “cryogenic 
fluid” is used herein to mean those ?uids which exist in 
the liquid state at a temperature below about —1 50°F at 
pressures up to about 1000 psia. 

In recent years the use of lique?ed natural gas as a 
source of fuel in areas where natural gas is unavailable 
has increased. Many various methods and systems for 
vaporizing and superheating the lique?ed natural gas at 
the areas of use have been developed. However, in 
systems heretofore used for continuously vaporizing 
and superheating lique?ed natural gas (base load 
systems) elaborate heating equipment and high operat 
ing costs have been required. In order to improve the 
economics of such base load systems, it has been 
proposed to utilize ambient water as the heating medi 
um for vaporizing and superheating lique?ed natural 
gas. The term “ambient water” is used herein to mean 
water contained in large bodies such as oceans, lakes, 
rivers, and the like which exist at temperature levels ap 
proaching atmospheric temperatures. However, due to 
the large volumes of water required and the resultant 
cooling of the water which is detrimental to marine life 
and undesirable, the use of ambient water as a heating 
medium for superheating and vaporizing lique?ed 
natural gas has generally been found to be impractical. 
By the present invention, a method of continuously 
vaporizing and superheating a stream of lique?ed 
cryogenic ?uid, such as lique?ed natural gas, is pro 
vided wherein ambient water is used as a heating medi 
um in combination with the hot exhaust gases 
generated by a gas turbine engine to vaporize and su~ 
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perheat the lique?ed cryogenic ?uid without incurring ' 
a detrimental temperature drop in the ambient water. 
The cooling capacity of the cryogenic ?uid is utilized to 
cool the gas turbine engine input air thereby increasing 
the power output, which turbine engine power output is 
advantageously used for pumping the lique?ed 
cryogenic ?uid and ambient water streams. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of 
vaporizing and superheating a stream of lique?ed 
cryogenic ?uid comprising passing the stream of 
lique?ed cryogenic fluid in heat exchange relationship 
with a stream of ambient water so that the cryogenic 
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2 
fluid is heated and vaporized, dividing the vaporized 
cryogenic ?uid stream into ?rst and second portions, 
passing the ?rst portion of the vaporized cryogenic 
?uid stream in heat exchange relationship with the 
input combustion air to a gas turbine engine so that the 
air is cooled and the power output of the turbine is in 
creased, passing the second portion of the vaporized 
cryogenic ?uid in heat exchange relationship with the 
exhaust gases generated by the gas turbine engine so 
that the second portion is superheated to a predeter 
mined temperature level, combining the ?rst and 
second portions of the vaporized cryogenic ?uid stream 
so that a vaporized cryogenic ?uid stream superheated 
to a desired temperature level is produced, and utilizing 
the power output of the gas turbine for passing the 
stream of lique?ed cryogenic ?uid in heat exchange 
relationship with the stream of ambient water. 

It is, therefore a general object of the present inven 
tion to provide a method of continuously vaporizing 
and superheating lique?ed cryogenic ?uid. 
A further object of the present invention is the provi 

sion of a method of continuously vaporizing and super 
heating a lique?ed cryogenic ?uid stream wherein the 
cryogenic ?uid stream is heated and vaporized by heat 
exchange with a stream of ambient water and then su 

perheated to a desired temperature level by heat 
exchange with gas turbine engine exhaust gases so that 
a minimum temperature drop in the ambient water is 
incurred and power is provided for pumping vthe 
cryogenic ?uid and ambient water streams. 

Yet a further object of the present invention is the 
provision of a method of vaporizing and superheating a 
stream of lique?ed cryogenic ?uid utilizing ambient 
water wherein changes in the ambient water tempera 
ture are automatically compensated for with little or no 
change in the rate of lique?ed cryogenic ?uid 
vaporized and superheated. 

Still a further object of the present invention is the 
provision of a method of continuously vaporizing and 
superheating a stream of lique?ed cryogenic ?uid 
which may be carried out in relatively inexpensive ap 
paratus, the operating costs of which are low as com 
pared to heretofore used apparatus. 

Other and further objects and advantages of the 
present invention will be evident from the following 
detailed description of presently preferred embodi 
ments of the invention when read in conjunction with 
the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 illustrates, in diagrammatic form, a system 
which may be used for carrying out the method of the 
present invention, 

FIG. 2 illustrates, in diagrammatic form, a preferred 
arrangement of heat exchange and gas turbine ap 
paratus for the system of FIG. 1, 

FIG. 3 illustrates, in diagrammatic form, a presently 
preferred system for carrying out the method of the 
present invention, and 

FIG. 4 illustrates in diagrammatic form, a preferred 
arrangement of heat exchange and gas turbine ap 
paratus for the system of FIG. 3. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, and particularly to 
FIG. 1, a system for carrying out the method of the 
present invention is illustrated and generally designated 
by the numeral 10. A stream of lique?ed cryogenic 
?uid from a conventional lique?ed cryogenic ?uid 
storage tank 12, or other source is pumped by a con 
ventional pump 14 into an ambient water-cryogenic 
?uid heat exchanger 18 by way of conduit 16. The heat 
exchanger 18 may be a plurality of open rack water 
heat exchangers or other conventional heat exchangers 
suitable for use with large volumes of ambient water. A 
conduit 20 having one end disposed beneath the sur 
face of the ambient water source is connected to one or 
more conventional water pumps 22. The discharge of 
the pump or pumps 22 is connected by a conduit 24 to 
the water inlet connection of the heat exchanger or 
exchangers 18. After passing through the exchanger or 
exchangers 18, the water is returned or recycled to its 
source by way of a conduit 26. As the lique?ed 
cryogenic ?uid stream passes through the heat 
exchanger or exchangers 18, it exchanges heat with the 
water passing therethrough thereby causing the 
cryogenic ?uid stream to be heated and vaporized. As 
will be further described herein, the volume of water 
passed through the exchanger or exchangers 18 is con 
trolled so that the temperature drop in the water is 
maintained at a minimum, i.e., 1° to 2°F. 
A conventional gas turbine engine 28 is provided 

which generates large volumes of hot exhaust gases 
through the combustion of fuel, such as natural gas, 
and combustion air. The exhaust gases generated by 
the gas turbine engine 28 are conducted by way of a 
conduit or duct 30 to a heat exchanger 32. The 
cryogenic ?uid stream heated and vaporized in the heat 
exchanger or exchangers l8 exits the exchanger 18 by 
way of a conduit 34. The conduit 34 is connected to a 
pair of conduits 35 and 37 and conventional controls 
are provided (not shown) for dividing the vaporized ' 
cryogenic ?uid stream into two portions, the ?rst por 
tion passing into conduit 37 and the second portion 
passing into conduit 35. The ?rst portion of vaporized 
cryogenic ?uid passes by way of conduit 37 through 
heating tubes disposed within the heat exchanger 32. 
While passing through the exchanger 32, heat is 
exchanged between the turbine engine exhaust gases 
and the vaporized cryogenic ?uid stream so that the 
cryogenic ?uid stream is heated to a predetermined 
temperature level. Speci?cally, and as will be described 
further hereinbelow, the temperature of the heated 
cryogenic ?uid stream is controlled at a level such that 
when it is heat exchanged with the input combustion air 
to the turbine 28, the formation of ice from water vapor 
contained in the air is maintained at a minimum. 
The heated cryogenic ?uid exiting from the heat 

exchanger 32 is conducted by way of a conduit 36 to a 
plurality of tubes disposed within a heat exchanger 38. 
Combustion air is drawn from the atmosphere by way 
ofa conduit 40 through the heat exchanger 38 and then 
by way of the conduit 42 into the gas turbine engine 28. 
While passing through the heat exchanger 38 heat is 
exchanged between the heated cryogenic ?uid and the 
combustion air so that the combustion air is cooled. As 

hasvbeen heretofore known, the cooling of the com 
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4 
bustion air utilized in the gas turbine 28 is ad 
vantageous in that the power output of the turbine 28 is 
increased. 
The second portion of the vaporized cryogenic fluid 

stream passes by way of conduit 35 to heating tubes 
disposed within a heat exchanger 46. The heat 
exchanger 46 is connected by a conduit or duct 48 to 
the turbine exhaust gases exiting from the heat 
exchanger 32. After passing through the heat 
exchanger 46 the exhaust gases are vented to the at 
mosphere by way of a conduit or duct 50. As the 
second portion of the vaporized cryogenic ?uid stream 
passes through the heat exchanger 46 it is superheated 
by heat exchange with the turbine engine exhaust gases 
to a predetermined temperature level, and exits the 
heat exchanger 46 by way of a conduit 52. 
The first portion of the vaporized cryogenic ?uid 

stream exits the heat exchanger 38 and is conducted by 
a conduit 44 to the conduit 52 wherein it combines 
with the second portion of the cryogenic ?uid stream 
passing therethrough. As will be understood, the 
second portion of the va'porized cryogenic ?uid stream 
is superheated to a temperature level in the heat 
exchanger 46 so that the resultant combined stream 
passing from the system 10 by way of conduit 52 is at a 
desired level of superheat. From the conduit 52, the 
vaporized and superheated cryogenic ?uid is con 
ducted to a point of use or distribution. A portion of the 
vaporized and superheated cryogenic ?uid passing 
through the conduit 52 is passed by way ofa conduit 54 
to the gas turbine 28 wherein it is utilized as fuel. 
The lique?ed cryogenic ?uid pump 14 and the water 

pump 22 are advantageously operated by the power 
. output of the gas turbine 28. The pumps 14 and 22 may 
be connected directly to the output shaft of the turbine 
engine 28, or alternatively, the power output of the tur 
bine engine 28 may operate a conventional electric 
generator 56 which in turn provides electric power to 
operate the pumps 14 and 22. 

Referring now to FIG. 2, a preferred arrangement of 
the heat exchangers 38, 32 and 46, and gas turbine 28 
is illustrated in diagrammatic form. 
As shown in FIG. 2, the stream of cryogenic ?uid 

heated and vaporized in the heat exchanger or exchan 
gers 18 is passed by way of conduit 34 to a pair of con 
duits 35 and 37. A conventional temperature control 
assembly 39 is disposed in the conduit 37 for dividing 
the stream of vaporized cryogenic ?uid into ?rst and 
second portions. That is, the temperature controller 39 
senses the temperature of the combustion air passing to 
the turbine engine 28 by way of the duct 42 so that a 
quantity of vaporized cryogenic fluid is caused to pass 
into the conduit 35 which brings about a predeter 
mined air temperature with the remainder passing into 
the conduit 37. As will be understood, a variety of con 
ventional control apparatus may be used for this pur 
pose. 
The ?rst portion of the vaporized cryogenic ?uid 

stream passes by way of conduit 35 to a bank of heating 
tubes 60 disposed within the turbine exhaust gas heat 
exchanger 32. As the vaporized cryogenic ?uid passes 
through the heating tubes 60, it exchanges heat with 
the turbine exhaust gases passing on the outside of the 
tubes causing the cryogenic ?uid to be heated to a 
predetermined temperature level. The heated 
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cryogenic ?uid exits the tube bank 60 and heat 
exchanger 32 by way of a conduit 61. The temperature 
of the cryogenic ?uid exiting the heat exchanger 32 is 
controlled by bypassing a portion of the inlet stream 
through bypass conduit 62 having a conventional con 
trol valve 64 disposed therein. The control valve 64 is 
operated by a conventional temperature controller 65 
disposed in a conduit 66 which controller senses the 
temperature of the cryogenic fluid passing 
therethrough. The resultant heated cryogenic ?uid 
stream is conducted by way of the conduit 66 con 
nected to the conduits 61 and 62 to a ?rst bank of tubes 
68 disposed within the heat exchanger 38. Inlet com 
bustion air which is drawn through the heat exchanger 
38 passes on the outside of the bank of tubes 68, and 
heat is exchanged between the air and the heated 
cryogenic ?uid passing through the tubes so that the air 
is cooled. The temperature of the heated cryogenic 
?uid entering the tube bank 68 is controlled at a level 
such that only a thin layer of ice forms on the outside 
surfaces of the tubes which does not impede the ?ow of 
air over the tubes or reduce the effective heat exchange 
area of the tubes. For example, vaporized cryogenic 
?uid at a temperature of 0°F passing through the bank 
of tubes 68 results in an initial outside tube wall tem 
perature below 32°F, the freezing temperature of 
water. As a result, water vapor contained within the air 
passing over the outside of the tubes condenses and 
freezes on the outside surfaces of the tubes. The ice 
builds up and heat transferred from the outside of the 
tubes to the inside is impeded proportionately. How 
ever, the formation ‘of the ice reaches a state of 
equilibrium, i.e., when the ice reaches a thickness such 
that the outside surface of the ice is at a temperature of 
32°F, the formation of new ice stops. Thus, by main 
taining the vaporized cryogenic ?uid passing through 
‘the inside of the bank of tubes 68 at a temperature ap 
proaching 32°F, such as a temperature of 0°F, only a 
thin layer of ice is formed on the outside surfaces of the 
tubes when equilibrium is reached. This thin layer does 
not impede the ?ow of air over the tubes, or reduce the 
effective heat exchange area of the tubes appreciably. 
However, if a conventional heat exchanger is used for 
the heat exchanger 38 of the system 10 with the tem 
perature of the cryogenic ?uid passing through the 
tubes thereof maintained at a temperature of 0°F or 
higher, the heat exchanger would necessarily be very 
large. For example, for an. inlet air temperature of 85°F, 
if the temperature of the air is reduced to the desirable 
temperature of from 30°F to 40°F using 0°F cryogenic 
fluid, a very large and expensive heat exchange ap 
paratus would be required. In order to reduce the size 
and cost of the exchanger 38 and at the same time 
maintain the formation of ice therein at a minimum, the 
heat exchanger 38 is provided with two or more tube 
banks so that the air is cooled in stages. This is accom 
plished by passing the heated cryogenic ?uid vapor at a 
predetermined temperature, e.g., 0°F, through the ?rst 
bank 68 of tubes disposed within the heat exchanger 
38. Heat is transferred from the air passing over the 
tube bank 68 into the cryogenic ?uid, cooling the air 
and heating the cryogenic ?uid. The thus heated 
cryogenic ?uid passes into a header 69 connecting the 
tube bank 68 with a second tube bank 70 disposed 
within the exchanger 38. In order to recool the heated 
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6 
cryogenic ?uid stream before it enters the tube bank 
70, a quantity of liquefied cryogenic ?uid is injected 
into header 69 by way of a conduit 72. Conduit 72 is 
connected to conduit 16 (FIG. I) and the quantity ‘of 
lique?ed cryogenic ?uid injected is controlled by tem 
perature control valve 73 operably connected to a con 
ventional temperature controller 75 disposed in the 
header 69 downstream of the connection of the conduit 
72 thereto. The lique?ed cryogenic fluid is vaporized as 
it mixes with the cryogenic ?uid vapor stream passing 
through header 69 and recools the resulting combined 
stream of cryogenic ?uid vapor back to 0°F. The tem 
perature controller 75 senses the temperature of the 
combined stream and opens or closes valve 73 to in 
crease or decrease the rate of injection of lique?ed 
cryogenic ?uid accordingly. The cooled combined 
cryogenic ?uid vapor stream passes into the tube bank 
70, and additional heat is transferred from the air 
passing through the heat exchanger 38 to the cryogenic 
?uid stream. The heated cryogenic ?uid stream passing 
out of tube bank 70 enters header 71 from where it is 
conducted to a third bank of tubes 74. An additional 
quantity of lique?ed cryogenic fluid is injected into 
header 71 by way of conduit 76 connected thereto and 
to conduit 72 to recool the cryogenic ?uid vapor 
stream passing therethrough. Temperature control 
valve 77 operably connected to a conventional tem 
perature controller 78 controls the temperature of the 
combined stream of cryogenic ?uid by controlling the 
quantity of liquefied cryogenic ?uid injected into 
header 71. The recooled cryogenic ?uid vapor passes ~ 
from header 71 into tube bank 74 wherein additional 
heat is transferred to it from the air passing through the 
exchanger 38. Thus, the air passing through the 
exchanger 38 is cooled in successive stages so that a 
minimum quantity of ice is fonned on the outside of the 
tubes. That is, the temperature of the vaporized 
cryogenic ?uid passing through each tube bank or stage 
is controlled at a level approaching 32°F, thereby main 
taining the formation of ice on the tube banks at a 
minimum as well as allowing a relatively small heat 
exchanger apparatus to be used. 
The second portion of the vaporized cryogenic ?uid 

stream passes by way of conduit 37 to a bank of heating 
tubes 80 disposed within the heat exchanger 46. As the 
second portion of the vaporized cryogenic ?uid stream 
passes through the bank of heating tubes 80, heat is 
exchanged between the turbine exhaust gases and the 
vaporized cryogenic ?uid thereby superheating the 
cryogenic ?uid to a predetermined level of superheat. 
From the tube bank 80 the superheated second portion 
of vaporized cryogenic ?uid exits the exchanger 46 by 
way of conduit 52. As previously described the second 
portion of the vaporized cryogenic ?uid stream is com 
bined with the ?rst portion thereof conducted from the 
tube bank 74 and heat exchanger 38 by way of conduit 
44. The temperature of the second portion of the 
vaporized cryogenic ?uid stream is controlled at a level 
such that upon combining with the ?rst portion, a com 
bined stream at the desired level of superheat is ob 
tained. As, previously described, the superheated 
cryogenic ?uid is passed by way of conduit 52 to a 
point of use or distribution. Further, a portion of the su 
perheated cryogenic ?uid may be conducted by way of 
conduit 54 to the turbine 28 and is utilized as fuel in the 
turbine 28. 
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In accordance with the method of the present inven 

tion as carried out in the system 10, the ambient water 
heat exchangers are utilized to bring about the heating 
and vaporization of the cryogenic ?uid stream with the 
superheating being accomplished by heat exchanging 
the vaporized cryogenic ?uid stream with turbine ex 
haust gases. Since a large portion of the total heat load 
required to vaporize and superheat a lique?ed 
cryogenic ?uid stream is used in superheating the 
stream to a desired temperature level, the water heat 
exchanger heat load, water volume required and tem 
perature drop in the water are small as compared to 
heretofore proposed methods of vaporizing and super 
heating cryogenic ?uids utilizing ambient water. 
Further, by the present invention, the volume of water 
utilized may be controlled so that a minimum tempera 
ture drop is obtained, e.g., 2°F. More importantly, by 
the method of the present invention the dual function 
of providing power to drive the various pumps required 
and providing the heat energy to superheat the 
cryogenic ?uid stream is achieved through the use of a 
gas turbine engine, resulting in low operating costs as 
compared to heretofore used methods and systems. 

Referring now to FIGS. 3 and 4, an alternate system 
for carrying out the method of the present invention is 
illustrated and generally designated by the numeral 90. 
Referring speci?cally to FIG. 3, a stream of lique?ed 
cryogenic ?uid from a conventional storage tank 92, or 
other source, is pumped by a conventional pump 94 
into a conduit 96.-A pair of conduits 98 and 100 are 
connected to the conduit 96, and the stream of 
lique?ed cryogenic ?uid is divided into ?rst and second 
portions by conventional control apparatus (not 
shown). The first portion of the lique?ed cryogenic 
?uid stream passes by way of conduit 98 into an am 
bient water-cryogenic ?uid heat exchanger 102. As 
described above for the heat exchanger 18, the heat 
exchanger 102 may be one or more conventional water 
heat exchangers. A conduit 104 having one end 
disposed beneath the surface of an ambient water 
source is connected to one or more conventional 

pumps 106. The discharge of the pump or pumps 106 is 
connected by a conduit 108 to the water inlet connec 
tion of the heat exchanger or exchangers 102. After 
passing through the exchanger or exchangers 102, the 
water is returned or recycled to its source by way of the 
conduit 110. As the ?rst portion of the lique?ed 
cryogenic ?uid stream passes through the heat 
exchanger or exchangers 102, it is heated and 
vaporized by heat exchange with the ambient water. 
A conventional gas turbine engine 112 is provided 

which is similar to the turbine engine 28 described 
above and which generates large volumes of hot ex 
haust gases. The exhaust gases generated by the gas tur 
bine 112 are conducted by way of a conduit or duct 
114 to a heat exchanger 116. 
The heated and vaporized cryogenic ?uid exiting 

from the exchanger or exchangers 102 is conducted by 
a conduit 118 to a pair of conduits 120 and 122. The 
vaporized cryogenic ?uid stream is divided into a major 
portion and a minor portion by conventional control 
apparatus (not shown) with the major portion passing 
into the conduit 120 and the minor portion passing into 
the conduit 122. The major portion of the vaporized 
cryogenic ?uid is conducted by the conduit 120 to the 
heat exchanger 116 wherein it is superheated to a 
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8 
predetermined temperature by heat exchange with the 
turbine engine exhaust gases passing therethrough. 
From the heat exchanger 116 the turbine exhaust gases 
are vented to the atmosphere by way of a conduit 124. 
The minor portion of the vaporized cryogenic ?uid 

passes by way of conduit 122 to a heat exchanger 126. 
Combustion air for the turbine engine 112 is drawn 
through the heat exchanger 126 by way of a conduit 
128. While passing through the exchanger 126, the air 
exchanges heat with the vaporized cryogenic ?uid 
stream passing therethrough and is cooled. The cooled 
combustion air passes by way of conduit 130 into the 
gas turbine engine 112. The minor portion of the 
vaporized cryogenic ?uid stream exits the heat 
exchanger 126 and passes into a conduit 132 which is 
connected to a conduit 136. The major portion of the 
vaporized cryogenic ?uid which is superheated in the 
exchanger 116 by exchange of heat with the turbine ex 
haust gases exits the exchanger 116 by way of conduit 
134 which is connected to the conduit 136. Thus, the 
major and minor portions of the vaporized cryogenic 
?uid are recombined in the conduit 136, and the com 
bined vaporized and superheated cryogenic ?uid 
stream resulting from the ?rst portion of the lique?ed 
cryogenic ?uid stream passes by way of conduit 136 
into a contactor 138. 

A portion of the vaporized and superheated 
cryogenic ?uid ?owing through the conduit 134 is 
passed by way of the conduit 166 to the turbine engine 
112 wherein it is utilized as fuel. 
The second portion of the lique?ed cryogenic ?uid 

stream is conducted by the conduit 100 to an inlet con 
nection in the contactor 138 and is intimately mixed 
and combined with the vaporized and superheated 
cryogenic ?uid conducted to the contactor 138 by way 
of conduit 136. Heat is transferred from the cryogenic 
?uid vapor stream to the lique?ed cryogenic ?uid 
stream within the contactor 138 causing the lique?ed 
cryogenic ?uid stream to be vaporized and heated. The 
temperature of the resultant composite stream, which 
exits the contactor 138 by way of conduit 140, is at a 
temperature level below the temperature level of the 
vaporized and superheated cryogenic ?uid stream 
passing into the contactor 138 by way of the conduit 
136. However, as will be described hereinbelow, the su 
perheated cryogenic ?uid stream is controlled at a tem 
perature level such that after combining with the 
lique?ed cryogenic ?uid stream in the contactor 138, a 
composite stream at the desired level of superheat 
results. 

Referring now to FIG. 4, a preferred arrangement of 
the heat exchangers 116 and 126 and the gas turbine 
112 is illustrated. As previously described, the ?rst por 
tion of the lique?ed cryogenic ?uid stream is heated 
and vaporized in the exchanger or exchangers 102 and 
passes therefrom by way of a conduit 118 to a pair of 
conduits 120 and 122. The vaporized cryogenic ?uid 
stream passing through the conduit 118 is divided into 
a major portion which passes into the conduit 120, and 
a minor portion which passes into the conduit 122. 
Conventional temperature control apparatus 142 is 
provided for dividing the vaporized cryogenic ?uid 
stream into the major and minor portions. The minor 
portion of the vaporized cryogenic ?uid stream passes 
by way of conduit 122 to a ?rst bank of heating tubes 
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144 disposed within the combustion air heat exchanger 
126. The tube bank 144 is connected to a second tube 
bank 146 by a header 148, and'the second tube bank 
146 is connected to a third tube bank 150 by a header 
152. Quantities of lique?ed cryogenic ?uid are injected 
into the headers 148 and 152 by means of conduits 154 
and 156 connected thereto and connected to a conduit 
158. The conduit 158 is connected to the conduit 96 
(FIG. 3). Temperature control apparatus 160 and 162 
function in the same manner as described above for the 
heat exchanger 38 of the system 10 to control the tem 
perature of the cryogenic ?uid vapor passing through 
the tube banks 144, 146 and 150 so that the com 
bustion air passing through the exchanger 126 is cooled 
with the formation of minimum quantities of ice on the 
heating tubes. The ?rst portion of the vaporized 
cryogenic ?uid exits the exchanger 126 by way of con 
duit 132 as described above. ' 

The major portion of the vaporized cryogenic ?uid 
"stream passes through a tube bank 164 disposed within 
the heat exchanger 116 wherein it is superheated to a 
predetermined temperature level by exchange of heat 
with the turbine exhaust gases passing through the 
exchanger 1,16. The superheated major portion exits 
the ‘exchanger 116 by way of the conduit 134 and 
passes. into the conduit 136 where it combines with the 
minor portion from the conduit 132 as described 

, above. . 

The conduit 166 connected to the conduit 136 con 
ducts a portion of the combined vaporized and super— 
heated cryogenic ?uid stream to the turbine 112 
wherein it is utilized as fuel. _ 

In operation of the system 90, the ?rst portion of 
lique?ed cryogenic ?uid is heated and vaporized in the 
ambient water exchanger or exchangers 102 and super 
heated to as high a temperature level as possible by 
exchange of heat with the exhaust gases generated by 
the gas turbine 1 12. The minor portion of the vaporized 
cryogenic ?uid is utilized to cool the input air to the 
turbine in order to increase the power output of the tur 
bine. As described above for the system 10, the power 
output of the turbine 112 is advantageously utilized for 
operating an electric generator 168 which in turn pro 
vides the power for operating the pumps 94 and 106. 
The vaporized and superheated cryogenic ?uid 

stream resulting from the first portion of lique?ed 
cryogenic ?uid stream passes by way of conduit 136 to 
a contactor vessel 138. The vessel 138 may take a 
variety of forms, and functions simply to bring about in 
timate contact between the vaporized and superheated 
cryogenic ?uid stream passing therethrough and the 
second portion of lique?ed cryogenic ?uid injected 
therein by way of conduit 100. As the lique?ed 
cryogenic ?uid stream is contacted by the superheated 
cryogenic ?uid vapor, heat is transferred therebetween 
and the lique?ed cryogenic ?uid is vaporized and 
heated. The heat adsorbed by the vaporization and 
heating of the lique?ed cryogenic ?uid causes the com 
posite stream to reach a temperature level below the 
temperature level of the superheated cryogenic ?uid 
vapor entering the contactor 138. However, by con 
trolling the ?ow rates of the ?rst and second portions of 
lique?ed cryogenic ?uid and the temperature of the 
vaporized and superheated stream, the temperature 
level of the composite vapor stream passing from the 
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vessel 138 by way of conduit 140 may be controlled at 
a desired level. _ 

The use of the system 90 for carrying out the method 
of the present invention is particularly advantageous in 
that it provides a maximum degree of ?exibility in 
operation. During the winter season, and depending 
upon the particular location of the source of ambient 
water, the temperature of the ambient water may be 
decreased appreciably. In this event, the heat available 
in the ambient water for heating and vaporizing the ?rst 
portion of lique?ed cryogenic ?uid is reduced, and in 
order to‘ maintain a minimum temperature drop in the 
ambient water, the ?ow rate of the ?rst portion of 
lique?ed cryogenic ?uid passed to the ambient water 
heat exchanger or exchangers 102 must be reduced. 
However, in operation of the system 90, the volume 
and temperature of the exhaust gases generated by the 
turbine engine 112 remain constant and upon reduc 
tion of the ?ow rate of vaporized cryogenic ?uid 
through the system, the temperature of the vaporized 
and superheated cryogenic fluid stream exiting the heat 
exchanger 116' increases. Thus, the heat contained in 
the vaporized and superheated cryogenic ?uid stream 
entering the contactor 138 by way of the conduit 136 
remains relatively constant even though the volume of 
the stream is decreased, and as a result, the rate of 
lique?ed cryogenic ?uid injected into the contactor 
138 by way of the conduit 100 may be increased. That 
is,.even. though the temperature level of the ambient 
water decreases, and as a result, the ?rst portion of 
lique?ed cryogenic ?uid passing through the system 90 

v must be decreased in order to maintain the tempera~ 
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ture drop in the ambient water at a minimum, the 
second portion of the lique?ed cryogenic ?uid stream 
may be increased so that the volume and temperature 
of the resulting composite stream exiting the contactor 
vessel 138 are substantially the same as was produced 
by the system 90 prior to the ambient water tempera 
ture decrease. Thus, by the present invention as carried 
out in the system 90, decreases in the temperature of 
the ambient water maybe automatically compensated 
for with the total volume of lique?ed cryogenic ?uid 
vaporized and superheated remaining relatively con 
stant. 

As described above for the system 10, the method of 
the present invention as carried out in the system 90 
achieves low operating costs as compared to heretofore 
used methods and systems by the fact that the heat 
energy for superheating the cryogenic ?uid stream as 
well as power for operating the various pumps required 
is produced within the system. 

In order to present a clear understanding of the im 
proved method of the present invention, the following 
examples are given. 

EXAMPLE 1 

A 1,723,000 lb/hr stream of lique?ed natural gas 
(LNG) is vaporized and superheated by the system 10. 
The LNG stream is at a temperature of —-260°F, and is 
pumped from the storage tank 12 bylthe pump 14 to 
the heat exchanger 18 at a pump discharge pressure of 
1000 psig. A total of 6,500 brake horsepower (bhp) is 
required for pumping the LNG. A 476,000 gpm stream 
of ambient water at a temperature of 70°F is pumped 
by the pump 22 through the heat exchanger 18. A total 
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of 18,600 bhp is required to pump the ambient water 
stream. For a 2°F temperature drop in the water, 
482,000,000 btu/hr are transferred from the ambient 
water stream to the LNG stream passing through the 
heat exchanger 18 causing the LNG to be vaporized 
and heated to a temperature of —50°F. The vaporized 
natural gas stream at a temperature of -50°F is con 
ducted by conduit 34 to the conduits 35 and 37. A first 
portion of the vaporized natural gas (294,280 lb/hr) is 
passed by way of conduit 37 to the heat exchanger 32. 
A 780,000 lb/hr stream of exhaust gases at a tempera 
ture of 950°F are conducted from the gas turbine 28 by 
way of conduit 30 to the heat exchanger 32. As the 
vaporized natural gas stream passes through the heat 
exchanger 32, 9,122,680 btu/hr are transferred from 
the turbine exhaust gases to the natural gas stream 
heating the natural gas stream to a temperature level of 
—10°F. The heated natural gas stream is then passed by 
way of conduit 36 to the heat exchanger 38. A 767,800 
lb/hr stream of combustion air at a temperature of 80°F 
(50 percent saturated with water) passes by way of 
conduit 40 through the heat exchanger 38 and into the 
gas turbine 28 by way of conduit 42. As the combustion 
air passes through the heat exchanger 38, 12,190,000 
btu/hr of heat is transferred from the air to the natural 
gas stream causing the air to be cooled to a tempera 
ture of 40°F. 35,456 lb/hr of lique?ed natural gas are 
combined with the natural gas stream as it passes 
through the tube banks 68, 70 and 74 of heat 
exchanger 38 and a 329,736 lb/hr combined stream of 
natural gas exits the heat exchanger 38 at a tempera 
ture of —4°F. The second portion of the vaporized natu 
ral gas stream from the ambient water exchanger 18 
(1,428,720 lb/hr) passes by way of conduit 35 to the 
heat exchanger 46. 
The turbine exhaust gases from the heat exchanger 

32 pass by way of duct 48 to the heat exchanger 46. 
123,877,320 btu/hr of additional heat is transferred 
from the turbine exhaust gases to the natural gas stream 
passing through the heat exchanger 46 superheating 
the natural gas stream to a temperature of 75°F. The 
spent turbine exhaust gases at a temperature of approx 
imately 300°F pass by way of the conduit 50 to the at 
mosphere. The ?rst portion of natural gas at a tempera 
ture of —4°F is combined with the second portion of 
natural gas at a temperature of 75°F resulting in a 920 
mmscf/d combined natural gas stream at a temperature 
of 60°F. A 12,028 lb/hr portion of the superheated 
natural gas stream is conducted by way of conduit 54 to 
the gas turbine 28 and is utilized as fuel therefor. The 
gas turbine 28 develops a power output of 25,100 hor 
sepower which is used to drive a conventional electric 
generator 56. The generator 56 produces 18,500 
kilowatts of electric power which is sufficient to drive 
electric motors which in turn are used to drive the 
pumps 14 and 22. 

Thus, it may be seen that the improved method of the 
present invention may be carried out in a system 
wherein ambient water is utilized with a minimum tem 

perature drop therein. Further, the power for driving 
the various pumps used in the system is generated 
within the system. 
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EXAMPLE 2 

A 1,723,000 lb/hr stream of liquefied natural gas 
(LNG) is vaporized and superheated in the system 90. 
The LNG stream is at a temperature of —260°F and is 
pumped from the storage tank 92 by the pump 94 into 
the conduit 96 at a pump discharge pressure of 1000 
psig. A total of 6,500 brake horsepower (bhp) is 
required for pumping the LNG. A 1,500,000 lb/hr first 
portion of the LNG is caused to pass by way of the con 
duit 98 to the ambient water heat exchanger 102. A 
476,000 gpm stream of ambient water at a temperature 
of 70°F is pumped by the pump 106 through the heat 
exchanger 102. A total of 18,600 bhp is required to 
pump the ambient water. For a 2°F temperature drop in 
the water, 482,000,000 btu/hr are transferred from the 
ambient water stream to the LNG passing through the 
heat exchanger 102 resulting in the vaporization and 
heating of the LNG to a temperature of 0°F. The 
vaporized natural gas at a temperature of 0°F is con 
ducted by the conduit 118 to the conduits 120 and 122. 
A minor portion of the vaporized natural gas (294,280 
lb/hr) is passed by way of conduit 122 to the heat 
exchanger 126. A 767,800 lb/hr stream of combustion 
air at a temperature of 80°F (50 percent saturated with 
water) passes by way of conduit 128 through the heat 
exchanger 126 and into the gas turbine 112 by way of 
conduit 130. As the combustion air passes through the 
heat exchanger 126, 12,190,000 btu/hr of heat is trans 
ferred from the air to the natural gas stream causing the 
air to be cooled to a temperature of 40°F. 35,456 lb/hr 
of liquefied natural gas are combined with the gas 
stream as it passes through the tube banks 144, 146 and 
150 of the heat exchanger 126 and a 329,736 lb/hr 
combined stream of natural gas exits the heat 
exchanger 126 at a temperature of 6°F. 
The major portion of the vaporized natural gas 

stream from the ambient water exchanger 102 
(1,205,720lb/hr) passes by way of conduit 120 to the 
heat exchanger 116. A 780,000 lb/hr stream of turbine 
exhaust gases at a temperature of 950°F are conducted 
from the gas turbine 112 by way of conduit 114 to the 
heat exchanger 116. As the major portion of the 
vaporized natural gas stream passes through the heat 
exchanger 116, 133,000,000 btu/hr of heat is trans 
ferred from the turbine exhaust gases to the natural gas 
stream superheating the natural gas stream to a tem 
perature of 168°F. The spent turbine exhaust gases at a 
temperature of approximately 300°F pass by way of the 
conduit 124 to the atmosphere. The minor portion of 
natural gas at a temperature of 6°F is combined with a 
major portion of natural gas at a temperature of 168°F 
resulting in an 812 mmscf/d combined natural gas 
stream at a temperature of 135°F. A 12,028 lb/_hr por 
tion of the combined stream is conducted by way of 
conduit 166 to the gas turbine 112 and is utilized as fuel 
therefor. The remaining combined stream (approxi 
mately 1,523,000 lb/hr) at a temperature of 135°F is 
conducted by the conduit 136 to the contactor vessel 
138. The second portion of the LNG stream (187,544 
lb/hr) at a temperature of —260°F is injected into the 
contactor 138 by way of the conduit 100. The LNG 
stream is vaporized and heated by heat exchange with 
the 135°F natural gas stream within the contactor 138 
resulting in a 920 mmscf/d composite natural gas 
stream at a temperature of 60°F. 
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The gas turbine 112 develops a power output of ap 

M 
I ' combining a quantity of lique?ed cryogenic ?uid 

proximately 25,l00 ‘horsepower which is used to drive ' 
the pumps 94 and 106. 

' In the event the temperature of the ambient water 
utilized in the system 90 decreases from a temperature 
of ‘70°F to a temperature of 50°F and in order to main 

. tain the temperature drop of the water at 2°F, the first 
portion of LNG passed by way of the conduit 98 to the 
heat exchangers 102 must be reduced by approximate 
ly 13 percent. However, the second portion of LNG in 
jected into the contactor 138 can be increased by a fac 
tor of 5 percent due to the heat content of the super 
heated natural gas passing into the contactor 138 by 
,way of the conduit 136 remaining relatively constant, 
resulting in a total vaporized and superheated natural 
gas out?ow from the system 9.0 of 8 percent less than 
the out?ow when ambient water at a temperature of 70 
“F is utilized. 

Thus, it may be seen that for small decreases in the 
ambient water temperature, i.e., 5° to 10°F, the out?ow 
of vaporized and superheated natural gas from the 
system 90 may be maintained relatively constant. 
The present invention, therefore, is well adapted to 

carry out the objects and attain the ends and ad 
vantages mentioned as well as those inherent therein. 
While presently preferred systems for carrying out the _ 
method of the present invention are given for the pur 
pose of disclosure, numerous changes can be made 
which will readily suggest themselves to those skilled in 
the art and which are encompassed within the spirit of 
the invention disclosed herein. 
What is claimed is: 
1. A method of continuously vaporizing and super 

heating a stream of lique?ed cryogenic fluid for an ulti 
mate use comprising the steps of: 

a. passing said stream of lique?ed cryogenic fluid in 
heat exchange relationship with a stream of am 
bient water so that said cryogenic ?uid stream is 
heated and vaporized; 

b. dividing said heated and vaporized cryogenic ?uid 
stream into ?rst and second portions; ' 

c. passing the ?rst portion of said vaporized 
cryogenic ?uid stream in heat exchange relation 
ship with input combustion air to a gas turbine en 
gine so that said air is cooled and the power output 
of said turbine engine increased; ‘ 

d. passing the second portion of said ‘ vaporized 
cryogenic ?uid stream in heat exchange relation 
ship with the exhaust gases generated by said gas 
turbine engine so that the second portion is super 
heated to a predetermined temperature level; 

e. combining said first and second portions of said 
vaporized ‘cryogenic ?uid stream so that a 
vaporized cryogenic fluid stream superheated to a 
desired temperature level is produced; and 

f. utilizing the power output of said gas turbine en~ 
gine for carrying out step (a). 

2. The method of claim 1 which is further charac 
terized to include the steps of: 

passing the first portion of said vaporized cryogenic 
?uid stream in heat exchange relationship with 
said turbine engine input air in successive serially 
connected stages so that the formation of ice from 
water vapor contained in the air is maintained at a 
minimum; and 

15 

with the vaporized cryogenic ?uid exiting from 
each of said heat exchange stages so that it is 
cooled prior to passing through the next successive 
stage. 7 

3. The method of claim 2 which is further charac 
terized to include the step of passing the first portion of 
said vaporized cryogenic ?uid stream in heat exchange 
relationship with the turbine engine exhaust gases so 
that the ?rst portion is superheated to a predetermined 
temperature level prior to passing said stream in heat 
exchange relationship with said turbine engine input 
air. . 

4. The method of claim 3 wherein the lique?ed 
cryogenic ?uid stream is liquefied natural gas. 

5. The method of claim 4 wherein the ambient water 
; is sea water. 
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6. The method of claim 5 wherein a portion of the 
produced superheated natural gas is utilized as fuel for 
said turbine. 

7. A method of continuously vaporizing and super 
heating a stream of lique?ed cryogenic fluid for an ulti 
mate use comprising the steps of: 

a. pumping said stream of lique?ed cryogenic ?uid 
through a ?rst heat exchanger; 

b. pumping a stream of ambient water through said 
?rst heat exchanger so that heat is transferred 
from the water to said lique?ed cryogenic ?uid 
causing the cryogenic fluid to be heated and 
vaporized; 

c. dividing the heated and vaporized cryogenic ?uid ' 
stream into ?rst and second portions; 

d. passing the ?rst portion of said vaporized 
cryogenic ?uid stream through a second heat 
exchanger; 

e. passing input combustion air to a gas turbine en 
gine through said second heat exchanger in heat 
exchange relationship with the ?rst portion of said 

' vaporized cryogenic ?uid stream so that the input 
air is cooled and the power output of said turbine 
is increased; 

f. passing the second portion of said vaporized 
cryogenic fluid stream through a third heat 
exchanger; 

g. passing the exhaust gases generated by said gas 
turbine through said third heat exchanger in heat 
exchange relationship with the second portion of 
the vaporized cryogenic ?uid stream so that 'the 
second portion is superheated to a predetermined 
temperature level; 

h. combining the ?rst and second portions of said 
vaporized cryogenic fluid stream so that a 
vaporized cryogenic ?uid stream superheated to a 
desired temperature level is produced; and 

i. utilizing the power output of said gas turbine en 
gine for pumping the streams of lique?ed 
cryogenic fluid and ambient water. 

8. The method of claim 7 which is further charac 
terized to include the steps of: 

passing the ?rst portion of said vaporized cryogenic 
?uid stream in heat exchange relationship with 
said turbine engine input air in successive serially 
connected stages so that the formation of ice from 
water vapor contained in said air is maintained at a 
minimum; and 
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combining a quantity of lique?ed cryogenic ?uid 
with the vaporized cryogenic ?uid exiting from 
each of said heat exchange stages so that it is 
cooled prior to passing through the next successive 
stage. 

9. The method of claim 8 which is further charac 
terized to include the step of passing the ?rst portion of 
said vaporized cryogenic ?uid stream in heat exchange 
relationship with the turbine engine exhaust gases so 
that the first portion is superheated to a predetermined 
temperature level prior to passing said stream in heat 
exchange relationship with said turbine input air. 

10. The method of claim 9 wherein the lique?ed 
cryogenic ?uid is lique?ed natural gas. 

11. The method of claim 10 wherein said ambient 
water is sea water. 

12. The method of claim 11 wherein a portion of the 
produced superheated natural gas is utilized as fuel for 
said gas turbine. 

13. A method of continuously vaporizing and super 
heating a stream of lique?ed cryogenic ?uid for an ulti 
mate use comprising the steps of: 

a. dividing the liquefied cryogenic ?uid stream into 
first and second portions; ' 

b. passing the ?rst portion of said lique?ed cryogenic 
?uid stream in heat exchange relationship with a 
stream of ambient water so that said ?rst portion is 
heated and vaporized; 

c. dividing said heated and vaporized first portion 
into major and minor portions; 

d. passing the minor portion of said vaporized 
cryogenic ?uid stream in heat exchange relation 
ship with input combustion air to a gas turbine en 
gine so that said air is cooled and the power output 
of the gas turbine is increased; 

. passing the major portion of said vaporized 
cryogenic ?uid stream in heat exchange relation 
ship with the exhaust gases generated by said gas 
turbine so that the major portion of said vaporized 
cryogenic ?uid stream is superheated", 
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f. combining the minor portion and the superheated 

major portion of said vaporized cryogenic ?uid 
stream so that a vaporized and superheated com 
bined cryogenic ?uid stream is formed from said 
?rst portion oflique?ed cryogenic ?uid; and 

. combining the second portion of said lique?ed 
‘cryogenic ?uid stream with said vaporized and su 
perheated combined cryogenic ?uid stream so that 
the second portion of said lique?ed cryogenic ?uid 
is vaporized and a composite stream of vaporized 
cryogenic ?uid is produced at a desired level of su 
perheat. 

14. The method of claim 13 which is further charac 
terized to include the steps of: 

passing the minor portion of said vaporized 
cryogenic ?uid stream in heat exchange relation 
ship with said turbine engine input air in successive 
serially connected stages so that the formation of 
ice from water vapor contained in the air is main 
tained at a minimum; and 

combining a quantity of lique?ed cryogenic ?uid 
with the vaporized cryogenic ?uid exiting from 
each of said heat exchange stages so that it is 
cooled prior to passing through the next successive 
sta e. 

15. 1%“? method of claim 14 which is further charac 
terized to include the step of passing the minor portion 
of said vaporized cryogenic ?uid in heat exchange rela 

_ tionship with said turbine exhaust gases so that ?rst 
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portion is superheated to a predetermined temperature 
level prior to passing said stream in heat exchange rela 
tionship with said turbine engine input air. 

' 16. The method of claim 15 wherein the lique?ed 
cryogenic ?uid stream is lique?ed natural gas. 

17. The method of claim 16 wherein the ambient 
water is sea water. 

18. The method of claim 17 wherein a portion of the 
produced superheated natural 'gas is utilized as fuel for 
said turbine. 


