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This invention relates to improvements in vaporizing 
cryogenic liquids of the class of oxygen, nitrogen and 
methane. 

In the process of transporting natural gas for use as 
a commrecial fuel at distant points, it has been found 
desirable to liquefy natural gas at relatively high pres 
sure and low temperature at the well head. Natural gas 
at —259° F. at atmospheric pressure will remain sub 
stantially in the liquid condition and then can be trans 
ported by ship, it being recognized that liquid methane 
has approximately 600 times the energy value of gaseous 
methane in the same volume. At the place of use of 
the natural gas, it is then necessary to revaporize the 
liquid to make the gas available for distribution. 
The conversion of liquid methane at —259° F. to 

useful gaseous methane at 30° F. involves matters of 
heat transfer which must be taken into account. Not 
only is this a problem of requiring large amounts of 
energy, and necessarily at a low cost, but the heat must 
be available in some form that objectionable icing does 
not occur. Similar problems occur with other lique?ed 
gases such as nitrogen and oxygen. 
My invention concerns primarily the solution of the 

above problem and the economical means for adding heat 
to cryogenic liquids which will be effective in increasing 
the temperature to the vaporization point to vaporize 
the liquid and heat the vapor to a suitable temperature 
for economical gas distribution. The problem is particu 
larly severe when the vapor is heated only to a temper 
ture under the freezing point of water. 
More speci?cally, my invention relates to an improved 

means for the vaporization of liquid methane with sea 
water. 

Other objects and advantages of my invention will 
appear from the following description of a preferred form 
of embodiment thereof when taken in connection with 
the attached drawings in which: 
FIG. 1 is a schematic view of a liquid methane vapor 

iztion circuit. 
FIG. 2 is a front elevation of a part of a heat exchange 

element. 
FIG. 3 is a transverse cross section on the line 3——3 

of the exchange unit shown in FIG. 2. 
FIG. 4 is an enlarged cross section of a heat exchange 

tube showing the outline of the formed ice. 
In an effort to economically vaporize 100 metric tons 

per hour of liquid methane, largely at a temperature of 
——259° F. and a small amount of vapor at —240° F., it 
is apparent that prior experience taught only the use of 
apparatus that was either extremely expensive, hazardous, 
or completely unworkable. It has been suggested, for 
example, that the heat required be abstracted for land 
based refrigeration. This provided refrigeration require 
ments far in excess of any known to exist at any port 
at which the liquid methane could be discharged. It 
also suggested that part of the methane be burned in 
an open furnace to give off the heat necessary to vaporize 
the balance and it was found that the fuel costs then 
amounted to a substantial percent of the total value 
of the liquid methane revaporized. The use of water, 
including sea water in conventional units, proved to be 
objectionable because of the extremely low tempera 
tures at which vaporization of the liquid methane was 
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accomplished and the freeze up of any liquid that came 
in contact with surfaces much below 0° F., it being 
recognized that sea water also freezes in the 0—30° F. 
range. The fourth alternative of using one or more 
secondary refrigerants such as propane, ethylene, etc., 
involved expensive apparatus and reverse refrigeration 
circuits which were as costly as the equipment used for 
liquefying the methane in the ?rst instance. 

‘Unexpectedly vI have found that sea water can be an 
effective heat source which is signi?cant not only because 
of the great temperature difference over the liquid meth 
ane but also due to the fact that the average tempera 
ture of sea water in North Atlantic ports is in the order 
of 50° F. and varies only slightly between winter and 
summer months. Furthermore, sea water is substantially 
inexhaustible at most ports and the decrease of its 
temperature as much as 5° or 10° F. is seldom objection 

’ able either to industry or other natural conditions. 
As more particularly shown in FIG. 1, a liquid methane 

storage tank 19 is indicated as having a deep outlet 12 
for the purpose of removing liquid and a shallow outlet 
14 to remove any vapor that would tend to collect at 
the top. The liquid is pumped at 16 through a primary 
heat exchange coil generally indicated at 18. The vapor 
is separately passed through a secondary heat exchange 
coil 29 from which the vapor is compressed at 22 and 
passed through line 24 with both end products dis 
charging into a gas main indicated at 26. 
Each of the coils l8 and 20 will be suitably protected 

from wind by a closure 30 located over a sump having 
a typical drain 32. The coils are located above the water 
level in the sump and heated by sea water in line 34, dis 
charging through the several nozzles 36. This water 
will be suitably pumped from an available source through 
the pump 37. 
The heat exchangers 18 and 20 are of the s-o-called 

trombone type more particularly shown in FIG. 2 and 
consisting of continuous coils 40 which, as shown in FIG. 
3, will be in various banks, a, b, and c, or more as desired. 
The unique feature of my invention is more clearly 

demonstrated in FIG. 4 in which the coil 49 has an 
inner wall surface 40a and an outer wall surface 46b and, 
after use, may have a coating 42 of ice. It will be ap 
parent that with a suitable metal, such as aluminum, the 
inner surface 49a at the tube side inlet will approach the 
temperature of the incoming liquid methane which is 
approximately —259° F. or of the vaporous methane 
which may be in the range of —240° F. Under normal 
circumstances, the outer wall 40b will be the same tem 
perature as the inner wall 459a with the result that after 
a very short period of operation an ice layer 42 will 
develop. The arrangement of the heating surface, that 
is, the centerline to centerline dimension of the tubes, 
is such that great thicknesses of ice can be accommo 
dated. It is also recognized that as the operation con 
tinues the ice layer tends to develop until some point at 
which the heat exchange between the wall 40a and the 
methane reaches equilibrium, due to the resistance of 
the ice to the heat ?ow, with the heat exchange between 
the outer surface of the ice 42 and water. The heat ?ow 
through the ice then will be at such a slow rate that 
further ice will not form. 

However, at such stage the heat continues to be 
transferred from the water through the ice into the liquid 
methane and it is possible to calculate an average heat 
exchange rate which will result in effective heating of 
the methane. 

It is, of course, to be recognized that the heat exchange 
is also a function of the surface area with the result 
that as the ice cylinder 42 increases in diameter it ma 
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terially increases in surface area thereby automatically 
balancing out an effective heat exchange rate. 

It has been ‘observed that the heat exchange rate and 
the rate of ice formation as constant water rate are a 
function of the throughput of the liquid methane, and if 
the liquid methane volume is reduced, the diameter of 
the ice cake also reduces. The converse is also true. 

Maintaining all other conditions such as gas and water 
?ow rate and tube diameter equal, the ice thickness will 
gradually decrease toward the Warm end to make the 
unit ice free at the warm gas outlet. 
The formation of an ice cake which is calculated to 

be in the order of 10 to 12 inches in diameter for a 
throughput of 100 metric tons per day in a coil of 4 to 8 
inches in diameter involves no unusual mechanical prob 
lems but does require intermediate mechanical support 
of the coils. 

It will be apparent from the foregoing that the actual 
'heat exchange surface is ice coated with a noneporous 
liner which would normally be the heat exchange tube. 
The heat exchange tube itself does not contact the sea 
water except at randomly distributed points due to mal 
distribution of the ?uids as at the warm end of the heater. 
While I have shown and described a preferred form of 

embodiment of my invention, I am aware that modi?ca 
tions may be made thereof and I, therefore, desire a 
broad interpretation of the invention within the scope 
and spirit of the description herein and the claims ap 
pended hereinafter. 

I claim: 
1. The method of vaporizing a cryogenic liquid se 

lected from the class consisting of liquid oxygen, liquid 
nitrogen, lique?ed natural gas and liquid methane, for 
utilization in a gas distribution system which comprises 
passing the cryogenic liquid through a con?ned path, 
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heating said path by passing water thereover to form a 
relatively thick ice cake on said path, and thereafter sub 
stantially continuously adding further 'heat at a controlled 
rate to said cryogenic liquid by passing water over the 
ice cake without substantial formation of further ice, 
said ice cake being proportioned in thickness to the heat 
absorption rate and temperature differential between the 
cryogenic liquid and water stream. 

2. The method of vaporizing a cryogenic liquid as 
claimed in claim 1 wherein the vapor of the liquid is 
heated to a temperature under the freezing temperature 
of Water and then compressed to gas distribution sys 
tem pressure. 

3. In combination with a source of liquid methane and 
a supply of water, a sinuous heat exchange coil of trom 
bone shape having vertically aligned, horizontally spaced 
interconnected paths, means to pass the liquid methane 
through the coil and means to pass the water over the 
paths of the coil in series to vaporize the liquid while 
forming an insulating surface of ice on the coils, said 
spacing of coils being greater than the normal thickness 
of ice formation thereon. 
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