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ABSTRACT OF THE DISCLOSURE 
The present invention relates to an improved process 

and apparatus for vaporizing liquefied natural gas with 
turbine exhaust gases wherein the vaporized natural gas 
is passed through heat exchange tubes in a heat exchanger 
for cooling the input air to the turbine. A stream of 
liquefied natural gas is vaporized and heated with the 
turbine exhaust gases to a temperature which will bring 
about the formation of a minimum quantity of ice on the 
outside surfaces of a first bank of said heat exchange 
tubes, and is passed through said first bank of heat ex 
change tubes to cool the turbine input air. A second 
stream of liquefied natural gas is then combined with 
the vaporized natural gas stream to cool the resulting 
combined stream to a temperature which will bring about 
the formation of a minimum quantity of ice on the outside 
Surfaces of a second bank of said heat exchange tubes. 
The combined stream is then passed through the second 
bank of heat exchange tubes so that the turbine input air 
is cooled further. As many additional banks of heat ex 
change tubes may be provided as are required to cool the 
air to a desired tempertaure, and the stream of natural 
gas recooled with additional streams of liquefied natural 
gas in the manner described above before it enters each 
bank. 

BACKGROUND OF THE INVENTION 
(1) Field of the invention 

The present invention relates generally to an improved 
process and apparatus for vaporizing liquefied natural 
gas, and more particularly, but not by way of limitation, 
to a process and apparatus for vaporizing liquefied natural 
gas With turbine exhaust gases wherein the turbine input 
air is cooled in stages with a stream of the vaporized 
natural gas. The stream of vaporized natural gas is main 
tained at a temperature level which will bring about the 
formation of a minimum quantity of ice within the ap 
paratus. 

(2) Background of the invention 
Liquefied natural gas is normally vaporized by the ad 

dition of heat to return into its natural gas state for use. 
For instance, natural gas may be liquefied and stored to 
provide gas for short periods of time during which de 
mands are excessively high. This stored liquefied natural 
gas is at a temperature of -2.58 F., and must be heated 
in order to vaporize it and return it to its normal state 
for use. 
A conventional turbine of the type used to generate 

electric power consumes enormous quantities of air and 
generates large volumes of very hot exhaust gases. The 
horsepower output of the turbine may be increased by 
cooling the turbine input air. 

Various processes have been proposed for vaporizing 
liquefied natural gas with turbine exhaust gases wherein 
the liquefied natural gas is used to cool the turbine input 
air. Also, processes have been proposed wherein the lique 
fied natural gas is first vaporized with turbine exhaust 
gases, and then used to cool the turbine input air. These 
proposals have merit in that facilities embodying such 
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processes may be used to both generate electricity and 
vaporize liquefied natural gas more economically than can 
separate facilities. However, a problem is encountered 
when it is attempted to cool turbine input air with lique 
fied natural gas in conventional heat exchange apparatus 
in that ice will form in the apparatus due to water vapor 
condensing and freezing therein. That is, liquefied natural 
gas at a temperature of -2.58 F. will cause the out 
side surfaces of heat exchanger tubes to have a temper 
ature well below the temperature at which water vapor 
in atmospheric air will condense and freeze. Continued 
operation of such a heat exchanger will result in the 
formation of layers of ice within the heat exchanger until 
the pressure loss of the air passing through the heat ex 
changer is excessive, of the air flow is completely blocked 
off by the ice in the heat exchanger. 

Also, it has been found that a similar problem exists 
when it is attempted to cool turbine input air with a 
stream of vaporized natural gas. Since it is desirable to 
reduce the turbine input air from atmospheric conditions 
to a temperature of 30 F. to 40 F., if it is attempted 
to use vaporized natural gas to cool the air in a single 
stage of heat exchange, the vaporized natural gas must be 
at a temperature well below the condensing and freezing 
point of water vapor. Therefore, ice will form in the heat 
exchange apparatus used in the same manner as described 
above. 
The present invention is directed to an improved process 

and apparatus for vaporizing liquefied natural gas with 
turbine exhaust gases and cooling the turbine input air 
with the vaporized natural gas wherein the turbine air 
is cooled in two or more stages with a minimum of ice 
formed in the heat exchange apparatus used. 

SUMMARY OF THE INVENTION 

The present invention is directed to a process for 
vaporizing a stream of liquefied natural gas with turbine 
exhaust gases wherein vaporized natural gas is passed 
through heat exchange tubes in heat exchange relation 
ship with the input air of the turbine thereby cooling the 
input air. A first stream of liquefied natural gas is vapor 
ized and heated with turbine exhaust gases to a temper 
ature which will bring about the formation of a minimum 
quantity of ice on the outside surfaces of the heat ex 
change tubes. The stream of vaporized natural gas is then 
passed through a first bank of the heat exchange tubes 
so that the turbine input air is cooled and the vaporized 
natural gas stream is heated. A second stream of lique 
fied natural gas is then combined with the stream of 
vaporized natural gas so that the combined stream is 
cooled to said temperature and the second stream of lique 
fied natural gas is vaporized. The combined stream is then 
passed through a second bank of heat exchanger tubes 
so that said turbine input air is cooled further, and the 
combined stream is removed from the process. Appa 
ratus is also provided by the present invention. 

It is, therefore, a general object of the present inven 
tion to provide an improved process and apparatus for 
vaporizing liquefied natural gas. 
A further object of the present invention is the pro 

vision of a process and apparatus for vaporizing liquefied 
natural gas with turbine exhaust gases wherein the vapor 
ized natural gas may be used to cool the turbine input 
a. 

Yet a further object of the present invention is the pro 
vision of an improved process and apparatus for cooling 
turbine input air with natural gas vaporized with the tur 
bine exhaust gases wherein a minimum quantity of ice 
is formed on the outside surfaces of heat exchange tubes 
used to cool said turbine input air. 

Still a further object of the present invention is the 
provision of relatively inexpensive apparatus for vapor 
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izing liquefied natural gas with turbine exhaust gases and 
cooling the turbine input air with said vaporized natural 
gas wherein a minimum of ice will form in said apparatus 
an excessive pressure loss or stoppage of the air will not 
result. 

Other objects and advantages of the invention will be 
evident from the following detailed description when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view of apparatus for carrying out the proc 
ess of the present invention in diagrammatic form. 

FIG. 2 is a side elevational view of the apparatus of 
the present invention, and 

FIG. 3 is a top view, partially in section, of the appa 
ratus of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and particularly to FIG. 
1, a stream of atmospheric air is drawn through conduit 
10 into an air cooler 12. Air cooler 12 basically comprises 
a plurality of heat exchange tubes 14 for cooling the air 
passing therethrough. The cooled air passes out of air 
cooler 12 through conduit 16 into a conventional turbine 
18. Turbine 18 is of the type wherein large quantities of 
air are mixed with natural gas and combusted thereby 
generating large volumes of hot exhaust gases. The ex 
haust gases from such a turbine will normally be at 
temperatures in the range of from 900 F. to 1000 F. 

Turbine 18 is used to operate a conventional electric 
generator 20. The hot combustion gases from turbine 18 
pass through conduit 22 into a liquefied natural gas heater 
24. From heater 24 the exhaust gases pass through con 
duit 26 from where they may be vented to the atmos- , 
phere. 
A stream of liquefied natural gas stored in storage tank 

28 is pumped through conduit 30 into conduit 32 by a 
conventional pump 34. A conventional hand-controlled 
throttling-type valve 36 is disposed in conduit 32, and a 
conduit 38 is connected to conduit 32 upstream of valve 
36. As will be described further herein valve 36 is ad 
justed so that a portion of the liquefied natural gas 
pumped by pump 34 passes into conduit 38. The major 
portion of the liquefied natural gas stream passes through 
valve 36 and conduit 32 into a bank 40 of heat exchanger 
tubes 25, connected in series, and disposed within heater 
24. The liquefied natural gas passing through heat ex 
changer tube bank 40 is vaporized and heated to a desired 
temperature by the turbine exhaust gases passing on the 
outside of heat exchanger tubes 25. The vaporized and 
heated natural gas is conducted from heater 24 through 
conduit 42. 
A conventional temperature controller 44 is connected 

to conduit 42 to sense the temperature of natural gas 
passing therethrough. Temperature controller 44 may be 
any pneumatic or electric temperature controller which 
will generate a signal proportional to the deviation of the 
temperature sensed from a selected temperature. A bypass 
conduit 46 is attached to conduit 42 and to conduit 32. 
A conventional control valve 48 is disposed within con 
duit 46 which may be any conventional automatic con 
trol valve which will open and close in response to the 
signal generated by temperature controller 44. 

Conduit 42 is connected to a first bank 50 of heat ex 
change tubes 14 connected in Series and disposed within 
air cooler 12. Vaporized natural gas conducted to heat 
exchange tube bank 50 by conduit 42 passes through 
bank 50 thereby cooling the air passing on the outside of 
bank 50. The vaporized natural gas, which is heated while 
passing through heat exchanger tube bank 50, passes into 
a header 88 which is connected to header 98. 

Conduit 38 is connected to conduit 54 which is in turn 
connected to header 98. A conventional control valve 56 
is disposed within conduit 54. A portion of the liquefied 
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4. 
through conduit 54, control valve 56 into header 98 
wherein it mixes with the heated natural gas passing into 
header 98 from header 88. The combined stream then 
passes into a second bank 58 of heat exchange tubes 14 
connected in series and disposed within air cooler 12. A 
conventional temperature controller 60 is disposed within 
header 98 to sense the temperature of the combined 
stream passing therethrough. Temperature controller 60 
may be any conventional pneumatic or electric tempera 
ture controller which will generate a signal proportional 
to the deviation of the temperature sensed from a desired 
set temperature. Control valve 56 may be any conven 
tional automatic control valve which will open and close 
in accordance with the signal generated by temperature 
controller 60. 
The combined natural gas stream passes into heat ex 

changer tube bank 58 from header 98 and is heated by 
the air passing through air cooler 12 while cooling the 
air correspondingly. From heat exchanger tube bank 58, 
the natural gas stream passes into header 100 which is 
connected to header 104. A conduit 64 is connected to 
conduit 38 and to header 104, and a conventional con 
trol valve 66 is disposed therein. Liquefied natural gas 
from conduit 38 passes through conduit 64 and control 
valve 66 into header 104 where it is combined with the 
natural gas stream passing into header 104 from header 
100. A conventional temperature controller 68 of the 
Same type as described above is disposed within header 
62 to sense the temperature of the stream of natural gas 
therein, and to open and close control valve 66 ac 
cordingly. 
From header 104 the combined stream of natural gas 

passes into a third bank 70 of heat exchanger tubes 14 
connected in series and disposed within air cooler 12. 
The combined natural gas stream passing through bank 
70 is heated by the air while the air is cooled correspond 
ingly. From heat exchanger tube bank 70 the natural gas 
Stream enters conduit 72. 
A conduit 74 is attached to conduit 72 and to conduit 

42. A conventional control valve 76 is disposed within 
conduit 74. A conventional temperature controller 78 of 
the same type as described above is disposed within con 
duit 16 to Sense the temperature of the air passing there 
through and to open and close control valve 76 
accordingly. 

Conduit 72 is connected to a bank 78 of heat eXchanger 
tubes 25 connected in series and disposed within heater 24. 
A conduit 80 is connected to the oulet of heat exchange 
tube bank 78 for conducting the natural gas to a point 
of distribution or use. A bypass conduit 75 is connected 
between conduits 72 and 80 having a conventional con 
trol valve 77 disposed therein. A conventional tempera 
ture controller 79 is connected to conduit 80 to sense 
the temperature of the natural gas passing therethrough 
and open and close control valve 77 accordingly. 

Referring now to FIGS. 2 and 3 the apparatus of the 
present invention is shown mounted on a skid 82. The 
Skid mounted apparatus basically comprises air inlet con 
duit 10, air cooler 12, turbine 18, electric generator 20, 
heater 24 and liquefied natural gas pump 34. As can be 
Seen best in FIG. 3, heat exchange tubes 14 of air cooler 
12 are grouped in three banks 50, 58 and 70, previously 
described. Heat exchange tubes 14 in bank 50 are con 
nected in Series having an inlet 84 and an outlet 86. 
The conduit 42 is connected to the inlet 84 of bank 50, 
and the outlet 86 of bank 50 is connected to the header 
88. Heat eXchange tube bank 58 has an inlet 90 and an 
Outlet 92, and heat exchange tube bank 70 includes an 
inlet 94 and an outlet 96. The header 98 is connected to 
the inlet 90 of heat exchange tube bank 58, the header 
100 is connected to the outlet 92 of heat exchange tube 
bank 58 and the header 104 is connected to the inlet 94 
of heat eXchange tube bank 70. Conduit 72 is connected 
to the outlet 96 of heat exchange tube bank 70. Headers 

natural gas stream passing through conduit 38 passes 7.5 88 and 98 are connected together at the lower ends there 
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of by conduit 101, and headers 100 and 104 are con 
nected together at the lower ends thereof by conduit 102. 
Conduits 54 and 56, described above are connected to 
headers 98 and 104, respectively. 

Heater 24 comprises a bank 40 of heat exchange tubes 
25, connected in series, and a bank 78 of heat exchange 
tubes 25, connected in series. Heat exchange tube bank 
40 includes an inlet 106 and an outlet 108. Heat exchange 
tube bank 78 includes an inlet 110 and an outlet 112. 
Conduit 32 is connected to the inlet 106 of heat exchange 
tube bank 40, and conduit 42 is connected to the outlet 
108 of heat exchange tube bank 40. Conduit 72 is con 
nected to the inlet 110 of heat exchange tube bank 78 and 
conduit 80 is connected to the outlet 112 of heat exchange 
tube bank 78. 

OPERATION 

Referring now to FIGS. 1 through 3, atmospheric air 
is drawn through conduit 10 into air cooler 12 wherein 
it is cooled from atmospheric conditions to from about 
30 F. to about 40 F. The cooled air then passes through 
conduit 16 into the air intake of turbine 18. Natural gas 
enters turbine 18 through conduit 81 which is connected 
to conduit 80. A conventional shutoff valve 83 and pres 
sure regulator 85 are disposed in conduit 81. The natural 
gas and air are combusted within turbine 18 to provide 
energy for operating electric generator 20. Hot exhaust 
gases having a temperature in the range from about 900 
F. to about 1000 F. pass out of turbine 18 into conduit 
22. Conduit 22 leads the hot combustion gases into heater 
24 from where the exhaust gases are vented to the 
atmosphere through conduit 26. 
A stream of liquefied natural gas is pumped from stor 

age tank 28 or other source through conduit 30 into 
conduit 32 by pump 34. Valve 36 in conduit 32 is ad 
justed so that the stream of liquefied natural gas is 
divided into two streams, one passing into conduit 38, and 
the other passing through conduit 32 into heat eXchange 
tube bank 40 disposed within heater 24. 
The stream of liquefied natural gas passing through 

heat exchange tube bank 40 is heated and vaporized 
through exchange of heat with the exhaust gases passing 
through heater 24 on the outside of heat exchange tubes 
25. The vaporized natural gas then passes into conduit 42. 
Temperature controller 44 senses the temperature of the 
vaporized natural gas passing into conduit 42, and opens 
or closes valve 48 accordingly. When valve 48 is opened 
a portion of the liquefied natural gas bypasses heat ex 
change tube bank 40 and mixes with the heated and vapor 
ized natural gas entering conduit 42 from bank 40. Upon 
mixing the combined stream will be cooled and the por 
tion of liquefied natural gas bypassed will be vaporized. 
In operation, temperature controller 44 is set to control 
the vaporized gases passing into conduit 42 at a ten 
perature of approximately --10 F. The temperature of 
the liquefied natural gas entering conduits 32 and 38 is 
approximately -258 F. 
The vaporized natural gas stream passes through con 

duit 42 and enters bank 50 of heat exchange tubes 14 
disposed within air cooler 12. Heat is exchanged between 
the natural gas within tubes 12 and the air passing on the 
outside of tubes 12 so that the air is cooled and the natural 
gas is heated. 
As will be understood by those skilled in the art, natural 

gas at a temperature of -10 F. passing through heat 
exchange tubes 14 of bank 50 will result in an initial out 
side heat exchange tube wall temperature below 32 F. 
Thus, water vapor contained within the air passing over 
the outside of heat exchange tubes 12 will condense and 
freeze on the outside surfaces of tubes 12. The ice formed 
on the outside surfaces of tubes. 12 will build up and 
heat transferred from the inside of tubes 12 to the out 
side will be impeded proportionately. However, the 
formation of ice on the outside of heat exchange tubes 
12 will reach a state of equilibrium when the ice reaches 
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6 
a thickness which will prevent the outside surface of the 
ice from having a temperautre below 32° F. Thus, by 
maintaining the temperature of the natural gas passing 
through the inside of heat exchange tubes 12 at a tem 
perature approaching 32 F., such as a temperature of 
--10 F., only a thin layer of ice will be formed on the 
outside surfaces of the tubes 12 when equilibrium is 
reached. This thin layer will not impede the flow of air 
over the tubes, or reduce the effective heat exchange area 
of the tubes appreciably. However, by maintaining the 
temperature of the natural gas passing through the heat 
eXchange tubes 12 at a temperature of -10° F. or 
higher, the temperature of the air passing over tubes 12 
can be reduced only a limited amount in a conventional 
single stage heat exchanger. Assuming an inlet air tem 
perature of 85 F., if it is attempted to reduce the tem 
perature of the air to from 30 F. to 40° F. with -10° 
F. natural gas, a very large and expensive heat exchange 
apparatus would be required. The present invention pro 
vides a process and apparatus wherein the air is cooled 
in a plurality of stages thereby allowing relatively small 
inexpensive heat exchange apparatus to be used while at 
the same time preventing the formation of thick layers of 
ice on the outside of the heat exchange tubes. 

This is accomplished by passing natural gas at a tem 
perature of approximately --10 F. through the first bank 
50 of the heat exchanger tubes 12. Heat is transferred out 
of the air passing over the tube bank 50 and into the 
natural gas, cooling the air and heating the natural gas. 
The thus heated natural gas enters header 88 and passes 
through conduit 100 into header 98. In order to cool the 
heated natural gas stream to a temperature of approxi 
mately --10 F. a controlled quantity of liquefied natural 
gas at a temperature of -258 F. is injected into header 
98 through conduit 54. As will be understood, the lique 
fied natural gas will be vaporized when it mixes with the 
natural gas passing through header 98, and will cool the 
resulting combined stream of natural gas. Temperature 
controller 60 senses the temperature of the combined 
stream of natural gas and opens or closes valve 56 ac 
cordingly. That is, temperature controller 60 is set to 
maintain the combined stream of natural gas passing 
through header 98 at a temperature of approximately 
--10 F., and controls the flow of liquefied natural gas 
into header 98 accordingly. The thus cooled combined 
natural gas stream passes into bank 58 of heat exchanger 
tubes 14. Additional heat is transferred from the air pass 
ing through air cooler 12 to the natural gas stream within 
tube bank 58 cooling the air further. The heated natural 
gas stream passing out of tube bank 58 enters header 
100 and passes through conduit 102 into header 104. 
An additional quantity of liquefied natural gas is injected 
into header 104 to cool the natural gas passing there 
through. Temperature controller 68 is set to control the 
temperature of the combined stream of natural gas pass 
ing through header 104 at --10 F. The thus cooled gas 
passes from header 104 into tube bank 70 wherein addi 
tional heat is transferred to it from the air passing on the 
outside of tube bank 70. Thus, the air passing through 
air cooler 12 is cooled in successive stages so that a mini 
mum quantity of ice is formed on the outside of heat ex 
changer tubes 14, and so that air cooler 12 may be rela 
tively small in size and cost. 
Temperature controller 78 disposed in conduit 16 

senses the temperature of the cooled air passing from air 
cooler 12 into turbine 18. If the temperature of the air is 
too cold, temperature controller 78 opens control valve 76 
causing a portion of the natural gas passing through con 
duit 42 to bypass air cooler 42, thereby raising the tem 
perature of the air passing through air cooler 12, and vice 
WCSa. 

The stream of natural gas from air cooler 12 passes 
through and mixes with natural gas bypassed through 
conduit 74. The natural gas stream then passes into heat 
exchanger tube bank 78 disposed in heater 24. While 



conduit 80 from where it is conducted to a point of use or 

purpose of disclosure, numerous changes can be made 

ing: 
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passing through tube bank 78, the natural gas contained 
therein is heated by the turbine exhaust gases passing on 
the outside of the tubes 25 to a desired temperature. The 
super heated natural gas passes out of tube bank 78 into 

5 distribution. Temperature controller 79 senses the tem 
perature of the gas stream passing through conduit 80 and 
opens or closes bypass valve 77 accordingly. 

Thus, an improved process and apparatus for vaporiz 
ing liquefied natural gas with turbine exhaust gases is 
provided wherein the turbine input air is cooled in suc 
cessive stages with vaporized natural gas, thereby prevent 
ing the formation of large quantities of ice on the air 
cooler heat exchange tubes and permitting relatively small 
inexpensive apparatus to be used. I5 
The present invention therefore is well adapted to carry 

O 

out the objects and attain the ends and advantages men 
tioned, as well as those inherent therein. While presently 
preferred embodiments of the invention are given for the 

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. In a process for vaporizing a stream of liquefied na 

tural gas with turbine exhaust gases wherein the vaporized 
natural gas stream is passed through heat exchange tubes 
in heat exchange relationship with the input air of said 
turbine to cool said input air, the improvement compris 

30 
vaporizing and heating a first stream of liquified natural 

gas with said turbine exhaust gases to a temperature 
which will bring about the formation of a minimum 
quantity of ice on the outside surfaces of said heat 
exchange tubes; 

passing said first stream through a first bank of said 
heat exchange tubes so that said turbine input air is 
cooled and said stream is heated; 

combining said first stream with a second stream of 
liquefied natural gas so that the resulting stream is 
cooled to said temperature and said second steam is 
waporized; 

passing said cooled combined stream through a second 
bank of said heat exchange tubes so that said turbine 
input air is cooled further; and 

removing said combined stream from said process. 
2. The process of claim 1 which is further character 
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ized to include the additional step of: 
heating said combined stream with said turbine ex 

haust gases to a desired level of Super heat. 50 
3. The process of claim 1 which is further characterized 

to include the steps of: 
controlling the flow rate of said first stream in propor 

tion to the temperature of said cooled turbine input 
air, and 

controlling the flow rate of said second stream in pro 
portion to the temperature of said combined stream. 

4. The process of claim 1 wherein is further character 
ized to include the additionals steps of: 
combining a third stream of liquefied natural gas with 

said combined stream so that the resulting stream is 
cooled and said third stream is vaporized; and 

passing said combined cooled stream through a third 
bank of said heat exchanger tubes so that said turbine 
input air is cooled further. ? - 

5. The process of claim 4 which is further character 
ized to include the additional steps of: 

controlling the flow rate of said first stream in pro 
portion to the temperature of said cooled turbine 
input air; 

controlling the flow rate of said second stream in 
proportion to the temperature of the combined 
stream comprised of said first stream and said Sec 
ond stream; and 

controlling the flow rate of said third stream in pro- 75 
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8 
portion to the temperature of the combined stream 
comprised of said first, second and third streams. 

6. In apparatus for vaporizing liquefied natural gas 
with turbine exhaust gases which includes a turbine input 
air heat exchanger wherein a stream of vaporized natural 
gas is passed through heat exchange tubes to cool said 
turbine input air, the improvement comprising: 
means attached to said apparatus for controlling the 

temperature of said stream of vaporized natural gas 
at a level which will bring about the formation of a 
minimum quantity of ice on the outside surface 
of said heat exchange tubes; 

said heat exchange tubes being arranged in a first bank 
and a second bank, each of said banks having an 
inlet and outlet; 

a first conduit connected to the inlet of said first bank 
of heat exchange tubes for conducting said stream 
of vaporized natural gas therethrough; 

a second conduit connected to the outlet of said first 
bank of heat exchange tubes and connected to the 
inlet of said second bank of heat exchange tubes 
for conducting said stream of vaporized natural gas 
therebetween; 

means attached to said second conduit for injecting 
a stream of liquefied natural gas therein so that said 
stream of liquefied natural gas is vaporized and the 
resulting combined stream of natural gas is cooled; 
and 

a third conduit connected to the outlet of said second 
bank of heat exchange tubes for removing said com 
bined stream of natural gas from said second bank 
of heat exchange tubes. 

7. The apparatus of claim 6 which is further character 
ized to include means for heating said removed combined 
stream of natural gas to a desired level of super heat 
with said turbine exhaust gases. 

8. The apparatus of claim 6 which is further character 
ized to include means for controlling the flow rate of 
said stream of vaporized natural gas passing into said 
first conduit in proportion to the temperature of the 
cooled turbine input air. 

9. The apparatus of claim 6 which is further character 
ized to include means for controlling the flow rate of said 
stream of liquefied natural gas injected into said second 
conduit in proportion to the temperature of said com 
bined stream of natural gas passing from said second 
conduit into said second bank of heat exchange tubes. 

10. In apparatus for vaporizing liquefied natural gas 
with turbine exhaust gases which includes a turbine input 
air heat exchanger wherein a stream of vaporized natural 
gas is passed through heat exchange tubes to cool said 
turbine input air, the improvement comprising: 

means attached to said apparatus for controlling the 
temperature of said stream of vaporized natural gas 
at a level which will bring about the formation of 
a minimum of quantity of ice on the outside surface 
of said heat exchange tubes; 

said heat exchange tubes being arranged in a first bank, 
a second bank, and a third bank, each of said banks 
having an inlet and an outlet; 

a first conduit connected to the inlet of said first bank 
of heat exchange tubes for conducting said stream 
of vaporized natural gas therethrough; 

a second conduit connected to the outlet of said first 
bank of heat exchange tubes and connected to the 
inlet of said second bank of heat exchange tubes 
for conducting said stream of vaporized natural gas 
there between; 

means attached to said second conduit for injecting a 
first stream of liquefied natural gas therein so that 
said first stream of liquefied natural gas is vaporized 
and the resulting combined stream of natural gas is 
cooled; 

a third conduit connected to the outlet of said second 
bank of heat exchange tubes and connected to the 
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inlet of said third bank of heat exchange tubes for 
conducting said combined stream of vaporized 
natural gas therebetween; 

means attached to said third conduit for injecting a 
second stream of liquefied natural gas therein so 
that said second stream of liquefied natural gas is 
vaporized and the resulting combined stream is 
cooled; 

a fourth conduit connected to the outlet of said third 
bank of heat exchange tubes for removing said com 
bined stream of vaporized natural gas from said 
third bank of heat exchange tubes. 

11. The apparatus of claim 10 which is further charac 
terized to include means for heating said removed com 
bined stream of natural gas to a desired level of super 
heat with said turbine exhaust gases. 

12. The apparatus of claim 10 which is further charac 
terized to include means for controlling the flow rate of 
said stream of vaporized natural gas passing into said 
first conduit in proportion to the temperature of the 
cooled turbine input air. 

13. The apparatus of claim 10 which is further charac 
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10 
terized to include means for controlling the flow rate of 
said stream of liquefied natural gas injected into said 
second conduit in proportion to the temperature of said 
combined stream of natural gas passing from said second 
conduit into said second bank of heat exchange tubes. 

14. The apparatus of claim 10 which is further charac 
terized to include means for controlling the flow rate of 
said stream of liquefied natural gas injected into said 
third conduit in proportion to the temperature of said 
combined stream of natural gas passing from said third 
conduit into said third bank of heat exchange tubes. 
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