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METHOD AND APPARATUS FOR VAPORIZING 
AND SUPERIIEA'I‘ING CRYOGENIC FLUID 

LIQUIDS 

BACKGROUND OF THE INVENTION 

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

and apparatus for vaporizing cryogenic ?uid liquids, 
and more particularly, but not by way of limitation, to 
methods and apparatus for vaporizing and superheating 
a stream of cryogenic fluid liquid by passing the stream 
in heat exchange relationship‘ with a heating medium 
which is continuously vaporized and condensed within 
a single closed vessel. 

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, oxygen, nitrogen 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 temperature levels at the areas of use. The 
term “cryogenic ?uid" is used herein to mean those 
?uids which exist in the liquid state at a temperature 
below about —l50° F at pressures up to about 1,000 
psia. 
While various methods and apparatus have been 

developed for vaporizing cryogenic ?uid liquids, many 
problems have been encountered due to the very low 
temperatures at which such ?uids exist in the liquid 
state. For example, attempts have been made to 
vaporize cryogenic ?uids such as liquefied natural gas 
utilizing conventional heaters in which the cryogenic 
?uid is conducted through tubes in the heater, and heat 
is transferred to the ?uid by radiation and convection 
from combustion gases and ?ames therein. These at 
tempts have been largely unsuccessful due to uneve 
ness of heat transfer rate (?ux rates) around the 
periphery of the heater tubes and the effect‘ of the 
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unevenness on the stability and uniformity of the boil.- ' 
ing process within the tubes. 

Because of the problems encountered with direct 
heating, methods of vaporizing cryogenic ?uids in 
directly have been developed. Commonly, these 
methods include directly heating a medium liquid such 
as isopentane in a heater, pumping or otherwise con 
ducting the hot medium liquid to a heat exchanger and 
exchanging heat between the medium liquid and the 
cryogenic ?uid to be vaporized. While these indirect 
heating methods are relatively successful in that stable 
operating conditions are achieved, they require 
elaborate apparatus to carry out which is expensive to 
manufacture, install and operate. 

Heretofore, attempts have been made .to vaporize 
and superheat cryogenic ?uids directly with steam. 
That is, the cryogenic ?uid is passed through heating 
tubes disposed in heat exchange relationship with 
steam only. While these attempts have achieved vary 
ing degrees of success, relatively costly apparatus is 
required due to the occurrence of a condition known in 
the art as vapor binding. When heat is transferred to a 
boiling liquid contained in heating tubes at too high a 
rate, a layer of vapor forms adjacent to and around the _ 
entire inside periphery of the tubes forming an insulat 
ing barrier between the tube walls and the liquid 
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2 
passing therethrough. This vapor binding condition 
results in a decrease of heat transfer to the liquid, and 
consequently, the‘ boiling process within the tubes is 
unstable and uneven. Due to the very high heat transfer 
rate between condensing steam on the outside of heat 
ing tubes and boiling cryogenic liquid within the tubes, 
vapor binding readily occurs. Heretofore, because of 
vapor binding, it has been necessary to utilize a rela 
tively high heating tube surface area in steam heating 
apparatus utilized for vaporizing and superheating 
cryogenic fluids making the apparatus relatively expen 
sive. Further, stable operating conditions are difficult 
to achieve in such apparatus. 
By the present invention, methods of vaporizing and 

superheating cryogenic liquids are provided which may 
be carried out using inexpensive apparatus of simple 
design and stable operation. 

SUMMARY OF THE INVENTION 

The present invention relates to a method of vaporiz 
ing and superheating a stream of cryogenic ?uid liquid 
comprising the steps of heating a con?ned body of 
heating‘ medium liquid so that a portion thereof is con 
tinuously vaporized, passing the stream of cryogenic 
?uid liquid in heat exchange relationship with the heat 
ing medium liquid so that the cryogenic ?uid is partially 
vaporized and then passing the cryogenic ?uid in heat 
exchange relationship with the heating medium vapor 
so that cryogenic fluid is fully vaporized and super 
heated and so that the heating medium vapor is con 
tinuously condensed and returned to the body of heat 
ing medium liquid. Additionally, apparatus for carrying 
out the method of the present invention is provided. 

It is, therefore, a general object of the present inven 
tion to provide methods and apparatus for vaporizing 
and superheating cryogenic ?uid liquids. 
A further object of the present invention is the provi 

sion of a method of vaporizing and superheating a 
stream of cryogenic ?uid liquid which may be carried 
out in apparatus which is inexpensive to install and 
operate. 
Yet a further object of the present invention is the 

provision of methods and apparatus for vaporizing and 
superheating a stream of cryogenic ?uid liquid wherein 
vapor binding is prevented from occurring'and stable 
operating conditions are achieved. 
Other objects and advantages of the present inven 

tion will be evident from the following detailed descrip 
tion when read in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

FIG. 2 is a side elevational view of the vaporizer ap 
paratus of FIG. I , partially in section, and 

FIG. 3 is a view taken along line 3-3 of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and particularly to 
FIG. 1, a vaporizer apparatus which may be used for 
carrying out the method of the present invention is il 
lustrated and generally designated by the numeral 10. 
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A stream of cryogenic ?uid liquid from a conventional 
cryogenic ?uid liquid storage tank 12, or other source, 
is pumped by a conventional pump 14 through conduit 
16 into the vaporizer apparatus 10. While within the 
vaporizer apparatus 10, the stream of cryogenic ?uid 
liquid passes through a heating coil, which will be 
described further hereinbelow, wherein heat is trans 
ferred to the cryogenic ?uid causing it to be heated, 
vaporized and superheated. The superheated cryogenic 
?uid stream is removed from the vaporizer apparatus 
10 through conduit 18 from where it is conducted to a 
point of use or distribution. 

Referring now to FIGS. 2 and 3, the vaporizer ap 
paratus 10 of the present invention is shown in cross 
section. The apparatus 10 basically comprises a closed 
horizontal vessel 20 having a forward end 22 and a 
rearward end 24. The forward end 22 of the vessel 20 
includes an annular ?ange portion 26 having a circular 
cover plate 28 bolted thereto by a plurality of bolts 30. 
The rearward end 24 of the vessel 20 includes a ?ange 
portion 32 and a circular cover plate 34 is bolted 
thereto by a plurality of bolts 36. Conventional gaskets 
35 are disposed between the ?ange portions 26 and 32 
and cover plates 28 and 34 of the vessel 20. 
A conventional U-tube fire box 38 is disposed in the 

lower portion of the vessel 20. The ends of fire box 38 
extend through and are seal welded to the cover plate 
28. A conventional natural gas or fuel burner 40 is 
disposed within one end of the ?re box 38 and a stack 
42 is attached to the other end thereof. Fuel is supplied 
to the burner 40 through conduit 44. As will be un 
derstood any convenient heat source may be utilized in 
the apparatus 10 in lieu of the fuel burning apparatus 
described above. For example, hot exhaust gases from 
a boiler, gas turbine or the like may be passed through a 
heating coil disposed in the lower portion of the vessel 
20 for providing heat thereto. 
A heating coil 46 is disposed within the upper por 

tion of the vessel 20. Inlet and outlet nozzles 48 and 50 
extending through and seal welded to the cover plate 
34 are connected to the heating coil 46. As will be un 
derstood, the heating coil 46 is comprised of a plurality 
of heating tubes 52 which are serially connected 
together by return bends 54. The tubes 52 are serially 
arranged within the upper portion of the vessel 20 in a 
plurality of banks, one above the other. Preferably, as 
shown in FIGS. 2 and 3, the inlet nozzle 48 is con 
nected to a first bank of tubes 60 positioned above the 
fire box 38. A second bank 62 is positioned directly 
above and connected to the bank 60, and a third bank 
64 is positioned directly above and connected to the 
second bank 62. The third bank 64 is connected to the 
outlet nozzle 50. 
A conventional ?ll nozzle 70 and drain and vent 

valves 72 and 74 are provided attached to the vessel 20. 

OPERATION 

As illustrated in FIGS. 2 and 3, a quantity of heating‘ 
medium liquid is introduced into the vessel 20 of the 
vaporizer apparatus 10 forming a body of heating medi 
um liquid 80 in the lower portion thereof. The level of 
the body of heating medium liquid 80 is initially ad 
justed so that the ?rst and second tube banks 60 and 62 
are beneath the surface thereof. As will be understood, 
the vaporizer apparatus 10 includes a conventional 
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4 
gauge glass (not shown) for indicating the level of 
liquid within the vessel 20. Thus, the level may be ad 
justed by viewing the gauge glass and adding liquid to 
the vessel 20 through the opening 70 or extracting 
liquid from the vessel 20 through the drain valve 72. 

Referring particularly to HO. 1, after the heating 
medium liquid has been placed within the vaporizer ap 
paratus 10, fuel is supplied through the conduit 44 to 
the gas burner 40 and ignited. The products of com 
bustion from the burner 40 travel through the fire box 
38 and are vented to the atmosphere through stack 42. 
Heat from the combustion within the fire box 38 is 
transferred through the walls thereof into the body of 
heating medium liquid 80 causing it to be heated and a 
portion thereof to be vaporized. The heating medium 
vapors travel upwardly into the uppermost portion of 
the vessel 20 around the top bank of heating tubes 64 
disposed therein. 
Vent valve 74 is opened to vent air contained within 

the vessel 20 to the atmosphere. Once all the air has 
been vented from the vessel 20, the valve 74 is closed 
thereby confining the heating medium liquid vapors 
within the vessel 20. 
A stream of cryogenic ?uid liquid is pumped from 

the storage tank 12 by the pump 14 through the con 
duit 16, through the inlet nozzle 48 of the vaporizer ap 
paratus 10 and into the heating coil 46 thereof. As will 
be described further hereinbelow, heat is transferred 
from the heating medium liquid and vapor contained 
within the vessel 20 to the stream of cryogenic ?uid 
liquid passing through the heating coil 46 thereby 
vaporizing and superheating it. The vaporized and su 
perheated cryogenic ?uid exits and heating coil 46 
through the outlet nozzle 50. From the outlet nozzle 50 
the vaporized and superheated cryogenic ?uid passes 
through conduit 18 to a point of use or distribution. 
A temperature controller 82 which may be any con 

ventional pneumatic or electric temperature controller, 
senses the temperature of the vaporized and super 
heated cryogenic ?uid passing through conduit 18. The 
temperature controller 82 is operably connected to a 
conventional fuel gas control valve 84 disposed in con 
duit 44. In a well understood and conventional manner, 
the temperature controller 82 opens and closes fuel gas 
valve 84 in predetermined relation to the temperature 
of the ?uid passing through conduit 18 thereby increas 
ing or decreasing the volume of fuel gas supplied to 
burner 40 which in turn increases or decreases the 
amount of heat transferred to the . cryogenic ?uid 
stream passing through the vaporizer apparatus 10. 
Temperature controller 82 is set so that the stream of 
vaporized cryogenic ?uid passing through conduit 18 is 
maintained at the desired level of superheat. 
As the cryogenic ?uid liquid stream passes through 

the heating coil 46, heat is transferred from the body of 
heating medium liquid 80 through the walls of the heat 
ing tubes container in the tube banks 60 and 62 and 
into the cryogenic ?uid thereby heating it and vaporiz 
ing at least a portion of the liquid. The heated and par 
tially vaporized stream then passes into the third bank 
of heating tubes 64. Heat from the heating medium 
vapor surrounding the third bank of heating tubes 64 is 
transferred through the walls of the heating tubes into 
the cryogenic ?uid passing therethrough so that 
remaining liquid is vaporized and the vapor is super 
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heated to a desired level of superheat. The heat trans 
ferred from the heating medium vapors in the upper 
most portion of the vessel 20 causes the heating medi 
um vapors to be condensed and pass by gravity back 
into the body of heating medium liquid 80. Thus, in‘ 
operation, portions of the body of heating medium 
liquid 80 are continuously vaporized, condensed on the 
bank of heating tubes 64 and returned to the body of 
heating medium liquid 80. 
As will be understood by those skilled in the art, 

when a heating medium material in either liquid or the 
vapor state contacts the outside surface of heating 
tubes containing cryogenic ?uid liquid, a ?lm of the 
material forms on the tubes. This ?lm acts as a barrier 
to heat transfer, and the outside walls of the tubes may 
approach the temperature of the cold ?uid contained 
within the tubes rather than the temperature of the 
heating medium material‘ on the outside of the tubes. 
Thus, for example, when cryogenic liquids are heated 
in a conventional heater with combustion gases con 
taining water vapor, a ?lm forms on the outside walls of 
the tubes preventing the outside walls from being 
heated above the freezing point of ice, and as a result, 
ice forms on the tubes. ' 

The filming characteristics of various heat transfer 
materials are known in the art and have been charac 
terized or indexed under what is known as the heat 
transfer coefficient. The heat transfer coefficient varies 
inversely with the resistance to heat transfer for a par 
ticular material. That is, the higher the heat transfer 
coefficient of a particular material, the less resistance 
to heat transfer imposed by the material. For example, 
combustion gases have a heat transfer coefficient of ap 
proximately 30 to 40 btu/hr-ftz-°F. at the temperatures 
and other conditions found within a heater used to 
vaporize cryogenic ?uid liquids. Condensing water 
vapor or steam, on the other hand, exhibits a heat 
transfer coefficient of approximately 1,000 to 3,000 
btu/hr-ft2-°F. Thus, condensing steam does not form an 
appreciable barrier on the outside walls of heating 
tubes containing cryogenic liquids, and the walls are 
heated to a level approaching the temperature of the 

_ steam thereby preventing the formation of ice. By the 
present invention, a heating medium having a con 
densing heat transfer coefficient above 500 btu/hr-ft2 
°F. isutilized so that a minimum resistance to heat 
transfer is imposed by the heating medium. 

While the maximum rate of heat transfer would be 
achieved by passing the cryogenic ?uid solely in heat 
exchange relationship with the heating medium vapors, 
it has been found that a portion of the heating coil 46 
must‘ be positioned below the surface of the body of 
heating medium liquid 80 in order to insure that vapor 
binding does not occur. As previously described, it is 
essential that the heat transferred to the cryogenic 
liquid being vaporized within the heating tubes does 
not exceed the rate at which vapor binding occurs. By 
the present invention, this is accomplished by placing 
the portion of the heating coil 46 wherein the cryogenic 
?uid is heated to its‘boiling point and at least partially 
vaporized beneath the surface of the body of heating 
medium liquid 80, and exposing to the heating medium 
vapor only the portion of the coil‘ 46 wherein the 
remaining‘ portion of ‘ the cryogenic ?uid liquid is 
vaporized and the stream is superheated. Since the 
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6 
heating medium liquid forms a film of relatively high 
resistance to heat transfer on the outside of the heating 
tubes submerged therein, the transfer of heat to the 
liquid within the tubes is suf?ciently low that vapor 
binding does not occur. After all or part of the 
vaporization has been completed at the low heat 
transfer rate, the stream of cryogenic ?uid is subjected 
to the maximum heat transfer rate which occurs in the 
vapor section. 
As will be understood by those skilled in the art, the 

particular portion of the heating coil 46 which should 
be submerged in the body of heating medium liquid will 
depend on a variety of factors such as the particular 
cryogenic ?uid being vaporized and superheated, the 
inlet and outlet temperature and pressure of the 
cryogenic ?uid, etc. By the present invention, however, 
the coil 46 is positioned within the vessel 20 in banks, 
one above the other. Thus, the vessel 20 may be ini 
tially filled with heating medium liquid so that banks 60 
and 62 are beneath the surface of the body of liquid 80, 
and the bank 64 is in the vapor space above the liquid. 
After initial start-up and operation of the unit, if vapor 
binding occurs, additional liquid may be introduced 
into the vessel 20 thereby raising the level of the body 
of heating medium liquid 80 and covering a portion of 
the heating tubes 52 in the bank 64. This in turn 
reduces the rate of heat transfer to the cryogenic liquid 
as it is being vaporized thereby preventing vapor bind 
ing. lf desirable, the level of the body of heating medi 
um 80 may be lowered to the point where vapor bind 
ing occurs and then raised slightly to achieve maximum 
heat transfer rates without vapor binding. 

Prior to the present invention the use of water as a 
heating medium liquid for vaporizing and superheating 
cryogenic ?uids has been avoided due to the danger of 
the water freezing if the source of heat fails. Since the 
cryogenic liquid being vaporized and superheated en 
ters the vaporizer apparatus at a very low temperature, 
if heat is not added to the heating medium liquid, it 
very quickly approaches the temperature of the 
cryogenic liquid. If water is used as the heating medi 
um, ice will be formed causing severe damage to the 
apparatus 10. In order to overcome this problem, 
provision is made for dumping the water from the ves 
sel 20 if the temperature thereof falls below a predeter 
mined point. For example, referring to FIG. 1, a con 
ventional temperature controller 90 may be installed 
on the vessel 20 so that the temperature of the heating 
medium liquid within the vessel 20 is continuously 
sensed. The temperature controller is operably con 
nected to a fuel gas shut-down valve 92 disposed in the 
fuel conduit 44 and a water dump valve 94 disposed in 
a conduit 96 connected to the bottom of the vessel 20. 
The temperature controller 90 is set at a temperature 
just above the freezing point of the heating medium 
liquid so that if for any reason heat is not continuously 
added thereto, the vaporizer apparatus will automati 
cally shut down, i.e., fuel gas control valve 92 will 
close, and the heating medium liquid will dump out of 
the vessel 20, i.e., control valve 94 will open thereby 
dumping the water out of the vessel 20 through conduit 
96, and damage to the vaporizer apparatus 10 due to 
the formation of ice and the expansion thereof will be 
prevented. 
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In addition to controls for dumping the water from 
the vessel 20, the bolts 30 and 36 holding the cover 
plates 28 and 34 to the ends of the vessel 20 may be 
designed so that they will shear at a predetermined 
stress. Thus, if the body of heating medium liquid 80 
reaches the freezing point thereof and begins to expand 
against the cover plates 28 and 34, the bolts 30 and 36 
will shear allowing the cover plates 28 and 34 to move 
outwardly preventing damage thereto. 
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 embodiments of the inven 
tion are given for the purpose of disclosure, numerous 
changes in the details of construction and arrangement 
of parts can be made which will readily suggest them 
selves to those skilled in the art and which are encom 
passed within the spirit of the invention and the scope 
of the appended claims. 
What is claimed is: 
l. A method of vaporizing and superheating a stream 

of cryogenic ?uid liquid comprising the steps of: 
heating a confined body of heating medium liquid so 

that a portion thereof is continuously vaporized; 
passing said stream of cryogenic ?uid liquid in heat 
exchange relationship with said heating medium 
liquid so that said stream of cryogenic liquid is at 
least partially vaporized; and _ 

then passing the cryogenic ?uid in heat exchange 
relationship with the heating medium vapor so that 
the cryogenic ?uid is fully vaporized and super 
heated and so that the heating medium vapor is 
continuously condensed and returned to said body 
of heating medium liquid. 

2. The method of claim 1 wherein the heating medi 
um liquid is a material which when vaporized has a con 
densing heat transfer coefficient of at least 500 btu/hr 
ft2-°F. ' 

3. The method of claim 2 wherein the heating medi 
um liquid is water. 

4. A method of vaporizing and superheating a stream 
of cryogenic fluid liquid comprising the steps of: 

continuously heating a body of heating medium 
liquid in the lower portion of a closed vessel 
thereby vaporizing a portion thereof; 

passing said stream of cryogenic ?uid liquid through 
a heating coil disposed in heat exchange relation 
ship with said body of heating medium liquid so 
that the stream of cryogenic ?uid liquid is heated 
and at least partially vaporized; and 

passing the stream of heated and partially vaporized 
cryogenic ?uid through a heating coil disposed in 
the upper portion of said vessel in heat exchange 
relationship with said vaporized heating medium 
so that the stream of cryogenic ?uid is fully 
vaporized and superheated and so that the 
vaporized heating medium is continuously con 
densed and returned to the body of heating medi 
um liquid. 

. The method of claim 4 wherein said heating medi 
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8 
um liquid is a material which when vaporized has a con 
densing heat transfer coefficient of at least 500 btu/hr 
ft’-°F. 

6. The method of claim 5 wherein the heating medi 
um liquid is water. _ _ _ 

7. Apparatus for vaporizing and superheating a 
stream of cryogenic ?uid liquid comprising: 

a closed vessel having a lower portion for containing 
a body of heating medium liquid and an upper por 
tion for containing heating medium vapor; 

means for heating said body of heating medium 
liquid and continuously vaporizing portions 
thereof disposed within the lower portion of said 
vessel; 

a ?rst cryogenic ?uid heating coil disposed within 
said vessel beneath the surface of and in heat 
exchange relationship with said body of heating 
medium liquid so that cryogenic ?uid passing 
therethrough is heated and at least partially 
vaporized; and 

a second cryogenic ?uid heating coil disposed within 
said vessel above the surface of said body of heat 
ing medium liquid and in heat exchange relation 
ship with said heating medium vapors, said second 
cryogenic ?uid heating coil being serially con 
nected to said first cryogenic ?uid heating coil so 
that the heated and partially vaporized cryogenic 
?uid passing therethrough is completely vaporized 
and superheated and heating medium vapors are 
continuously condensed and returned to said body 
of heating medium liquid. 

8. Apparatus for vaporizing and superheating a 
stream of cryogenic ?uid comprising: 

a closed vessel having a lower portion for containing 
a body of water and an upper portion for contain 
ing steam; 

means for heating said body of water and continu 
ously converting portions thereof into steam 
disposed within the lower portion of said vessel; 

21 first cryogenic ?uid heating coil disposed within 
said vessel beneath the surface of and in heat 
exchange relationship with said body of water so 
that cryogenic ?uid passing therethrough is heated 
and at least partially vaporized; and 

a second cryogenic ?uid heating coil disposed within 
said vessel above the surface of said body of water 
and in heat exchange relationship with said steam, 
said second cryogenic ?uid heating coil being seri 
ally connected to said ?rst cryogenic ?uid heating 
coil so that heated and partially vaporized 
cryogenic ?uid passing therethrough is completely 
vaporized and superheated and steam is continu 
ously condensed and returned to said body of 
water. 

9. The apparatus of claim 8 which is further charac 
terized to include means for dumping said body of 
water from said closed vessel when the temperature of 
said body of water reaches a preselected minimum 
level thereby preventing said body of water from form 
ing ice and damaging said vessel. 


