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Air Products Co., Newark, N.J., a corporation of Dela 
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i4 (Claims. (CE. 62-52) 

The present invention relates to the vaporization of 
liquefied gases and more particularly to the vaporization 
of liquefied gases having boiling points below the tempera 
ture of a gaseous heat source. 
The invention is particularly concerned with the vapori 

Zation of liquid oxygen, liquid nitrogen and liquid argon 
by heat-exchange with atmospheric air at ambient tem 
perature and will therefore be described principally in con 
nection with these gases. However, the principles of the 
invention are in general applicable to the vaporization of 
any liquefied gas by means of heat-exchange with an im 
pure gas whose temperature is greater than the boiling 
point of the liquefied gas. 
At the present time, most commercial installations for 

the vaporization of liquefied oxygen, nitrogen or argon 
employ relatively expensive and complicated methods 
such as passing the gas through tubes which are external 
ly heated by water or some other medium which is in 
turn heated by steam or electricity. The power consump 
tion of such heating methods is expensive and the ap 
paratus is complicated. 

Attempts have been made to utilize ambient air as a 
source of heat, but such attempts have either not been 
successful or have been inefficient with regard to operating 
costs, plant required, or both. The principal difficulty 
encountered in the use of ambient air has been the fact 
that atmospheric air always includes water vapor, carbon 
dioxide and other gases which, upon contact with the 
cold surface of the vaporizer and heating coil, rapidly 
condense out, due to the extreme temperature differences, 
and the film of condensation so formed, acts as an insula 
tion. Over a period of time the film progresses in thick 
ness and direction to the point where the heat-exchanger 
surface for all practical purposes becomes non-effective. 
More or less practical solutions of this problem have been 
suggested, one of which is to provide a series of two or 
more vaporizer and warming coils, which can be alter 
nately used, with the intent that while the condensible 
film is building up on a new surface, the condensed film 
on the previously used surface will evaporate due to 
static ambient conditions. This is not practical in tem 
peratures below 5° C. since water vapor which is the 
primary constituent of the condensed film will not evapo 
rate in sufficient time to allow the use of other than ex 
tremely large surfaces in multiples which may be pro 
hibitive from the space or economic standpoint. One 
variation uses auxiliary methods for removing the rela 
tively poor conductive films of condensed gases, such as 
electric heating by direct conduction, or indirectly heat 
ing the surface by heating the ambient air. Such expedi 
ents are, of course, expensive and undesirable. 
Another attempt to solve the problem has been to pro 

vide a heat-exchanger surface with liquid oxygen flowing 
internally and atmospheric air externally at high volumes 
and high velocity so that the temperature of the air does 
not fall below 5° C. Such a method is described in Mon 
roe and Freud Patent 2,729,074 granted January 3, 1956. 
Even under such conditions condensation of water takes 
place and provisions have to be made to ensure that the 
temperature of the ambient air does not fall below its 
freezing point at atmospheric pressure. Such provisions 
include heating of the air, directly or indirectly. 
The principal object of the present invention has been 
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to provide a novel and improved method for vaporizing 
a liquefied gas. 
More particularly it has been a principal object of the 

invention to provide a novel and improved method for 
vaporizing a liquefied gas through indirect heat-exchange 
with a warmer gas, which method is efficient both as to 
operating costs and plant requirements. 
Another object of the invention has been to provide a 

novel and improved method for vaporizing liquefied oxy 
gen, nitrogen or argon through indirect heat-exchange 
with ambient air. 

Other and further objects, features and advantages of 
the invention will appear more fully from the following 
description. 

In the practice of the invention, a liquefied gas, e.g., 
oxygen, nitrogen, or argon, is passed through a heat-ex 
changing device wherein indirect heat-exchange with a 
stream of ambient atmospheric air is afforded. The proc 
ess conditions are selected so that condensible gases in 
the ambient air are deposited on a portion of the heat 
exchanger surface during a first part of the heat-exchang 
ing cycle and are deposited on a second portion of the 
heat-exchanger surface during a Second portion of the 
cycle. During the first part of the cycle, condensed gases 
are removed from the second portion of the heat-ex 
changer surface by action of the air flow while during 
the second part of the cycle condensed gases are removed 
from the first portion of the heat-exchanger Surface by 
action of the air flow. In this way the net effective heat 
exchanger surface is maintained substantially constant ir 
respective of the ambient air temperatures and the con 
centrations of condensible gases in the ambient air. It 
is highly desirable that the invention be carried out so 
that co-current flow is maintained during both parts of 
the heat-exchanging cycle since with such flow operation 
can be maintained regardless of ambient condition and 
over the largest range of condensible gas in the ambient 
atmosphere. As used herein, the term "condensible gases" 
is intended to include also condensible vapors such as 
water vapor. As explained previously, the process of the 
invention is applicable to any liquefied gas, for example 
methane, and to any source of ambient atmosphere having 
a temperature greater than that of the boiling point of the 
liquefied gas, provided of course, that the condensible gas 
concentration in the ambient atmosphere represents only 
a small portion of the total ambient atmospheric flow. 
The invention will now be described in greater detail 

with reference to the appended drawings, in which: 
FIG. 1 is a schematic illustration of one form of heat 

exchanger system for carrying out a preferred method 
in accordance with the invention; 

FIG. 2 is a schematic illustration of another form of 
heat-exchanger system for carrying out a modified method 
in accordance with the invention; 

FIG. 3 is a schematic illustration of still another form 
of heat-exchanger system for carrying out a further modi 
fication of the invention; 

FIG. 4 is a schematic illustration of another form of 
heat-exchanger system for carrying out another modifi 
cation of the invention; 

FIG. 5 is a schematic illustration of another form of 
heat-exchanger system for carrying out still another modi 
fication of the invention; 

FIG. 6 is a side elevational view of a practical form of 
apparatus for practicing the invention; and 

FIG. 7 is an end view of the apparatus shown in FIG. 6. 
Referring now to the drawings, and more particularly 

to FIG. 1, the heat-exchanger apparatus, which may be 
termed a “vaporizer-warmer,” is illustrated in the form 
of a coil 10 through which flows liquefied gas from a 
source 11, which might be, for example, a tank. Lique 
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fied gas from the source 11 flows to the coil 10 through 
a feed line 12, a four-way valve 13 and another feed line 
14. A pump 2' may be inserted in the feed line 12 to 
build up the liquefied gas to any desired pressure. With 
the four-way valve 13 in the position shown, the liquefied 
gas will be delivered to the left end of the coil 19, which 
is designated as point 15. The right end of the coil 
10, which is designated as point 16, is connected to four 
way valve 13 through a line 17. With the four-way valve 
13 in the position shown, the line 17 is connected through 
the valve to a discharge line 18. 
The liquefied gas from the source 11 may be at high 

or low pressure as desired. In general, the higher the 
pressure of the liquefied gas source the more advantageous 
it will be for the liquefied gas to flow internally of the 
heat-exchanger coil 10, although the choice of internal or 
external flow will also depend an other factors such as 
economy, ease of maintenance and similar criteria. The 
pump 12 may be used to provide a suitable high pressure, 
Ambient atmosphere at any desired pressure is forced 

by suitable means, such as a fan 19, over the vaporizer 
warmer coil 10. A shroud or housing 20, open at the 
ends, is disposed about the coil 10 and serve to direct 
and control the ambient flow over the coil 19. The 
open left end of the shroud 20 is designated 21, while 
the open right end of the shroud 20 is designated 22. 
The ambient atmosphere, which will generally be atmos 
pheric air, enters the shroud 20 at point 22, contacts the 
coil 10 at point 16, loses contact with the coil 10 at 
point 15, and exits from the shroud 20 at point 2i, or 
vice versa depending upon the direction of rotation of 
the motor driving the fan 19. 
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In this, the preferred form of the invention, co-current 
flow of air and liquefied gas is maintained at all times. 
Thus, during a first part of the operating cycle, air enters 
the shroud at point 21, flows along the coil 10 from 
point 15 to point 16 and leaves the shroud 20 at point 

35 

22. At the same time, liquefied gas is delivered to the 
coil 10 at point 15 and the warmed and vaporized gas 
exits from the coil 10 at point 16. Since the tempera 
ture of the liquefied gas will be lowest at the point of 
delivery to the vaporizer-warmer coil, the temperature 
difference between ambient air and liquefied gas Will be 
greatest at point 15. This temperature difference is so 
large that the condensible gases in the ambient air freeze 
out on the exchanger surface, starting at point 15. As 
the condensate builds up on the exchanger surface ad 
jacent the point 5, the transfer of heat between the lique 
fied gas and the ambient air at this point will become 
less efficient, resulting in the zone of freeze-out extend 
ing in the direction of point 16. - 

After a period of time, which can be predetermined, 
the exchanger surface will be covered with a sufficient 
thickness of condensate to prevent the portion of the 
exchanger surface between the point 15 and the middle 
of the coil 10 from functioning as an effective heat-ex 
changer surface, so that the major portion of the vaporiz 
ing and warming of the liquefied gas will then occur in 
that of the coil 10 nearest the point 6. The buildup of 
condensate is a function of time depending upon such 
variables as relative flows of liquefied gas and ambient 
atmosphere, amount of condensible in the ambient at 
mosphere, and total surface are available in the vaporizer 
warmer 10. 
The liquefied gas leaving the vaporizer-warmer 10 and 

delivered to the line 18, will have been vaporized and 
heated to within a few degrees of the temperature of the 
ambient atmosphere. 
Ambient atmosphere leaving the shroud at the point 22 

will be essentially free of all condensibles since they have 
been frozen out on the surface of the vaporizer-warmer 
10. As the buildup of condensibles on the exchanger 
surface proceeds, a point will be reached at which the 
effective heat-exchanger surface is reduced so far (because 
of the insulating layer of condensibles) that the vapor 
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4. 
ized and warmed gas leaving the system at point 16 is 
at a colder temperature than permissible. 
At this time the flow of liquefied gas from the source 

11 is directed to the point 16 instead of the point 15 by 
reversing four-way valve 13. Such reversal of the four 
way valve 3 will interconnect lines 2 and 17 on the 
one hand and lines 4 and 18 on the other hand. Thus 
the liquefied gas enters the vaporizer-warmer at a point 
which has little or no condensed vapor or gas on its 
surface, i.e., the righthand portion of the vaporizer 
warmer. This righthand portion will be at substantially 
maximum effectiveness in affording heat-exchange be 
cause it has little or no condensed gas or vapor on its 
surface. At the same time, the direction of flow of air 
is changed so that the fan 19 directs air through the 
shroud 29 from point 22 to point 21, thus maintaining 
co-current flow. 
The liquefied gas delivered at point 16 will be warmed 

and vaporized as it passes through the vaporizer-warmer 
i0 toward point 15. Condensible gas in the ambient air 
Will start freezing out and depositing on the exchanger 
Surface at a point 6 since this is now the point of greatest 
temperature difference between the liquefied gas and the 
ambient air. As the layer of condensed gas on the ex 
changer surface builds up to provide insulation, the point 
of maximum temperature difference will move toward the 
left in FIG. 1, i.e., toward the point 15. 
As the ambient air flows over the right-hand part of 

the exchanger surface, condensible gases contained there 
in are deposited on the exchanger surface, as described, 
So that when this air reaches the left-hand part of the 
exchanger surface it will have lost at least a major part 
of its condensible gas content and will certainly be un 
Saturated. As this unsaturated air passes over the pre 
viously deposited condensibles on the left-hand part of 
the exchanger Surface, i.e., that part between the center 
and point 15, the previously deposited condensibles tend 
to and do diffuse or evaporate into the air, cleaning the 
heat exchanger surface which had been coated during 
the first portion of the cycle. The second portion of the 
cycle is, of course, that portion in which both the lique 

gas and the ambient air travel from right to left in 
G. 1. 
When the buildup of condensibles on the exchanger 

Surface reaches a level in which the vaporized gas dis 
charged at the point 15 is at a colder temperature than 
permissible, the four-way valve 3 is reversed again to its 
original position so that liquefied gas will be delivered to 
the point 15 and the direction of air flow is also reversed 
so that air will flow from point 21 to point 22. This ini 
tiates the first portion of a new cycle. In this new cycle, 
ambient air passing over the right hand portion of the 
exchanger Surface will pick up condensibles from this por 
tion of the exchanger surface because the ambient air 
will have lost at least a substantial proportion of its con 
densible gas content from having first flowed over the 
lefthand portion of the exchanger surface which is now 
the coldest portion. The operation is continued with the 
direction of flow of the liquefied gas and ambient air be 
ing reversed as necessary. 

Since in FIG. 1 co-current flow is maintained at all 
times, both portions of the cycle may be of equad dura 
tion. In general, the cycle portion times may be se 
lected as desired provided that each cycle portion is of 
sufficient duration to permit substantially complete clean 
ing of condensible gases deposited during the preceding 
cycle portion. The changeover from one cycle portion 
to the next may be effected manually or automatically 
and may be initiated by the passage of a predetermined 
time, observation of the temperature of the warmed and 
vaporized gas, or observation of the condensible buildup 
on the vaporizer-warmer surface. The use of co-current 
flows of approximately equal masses minimizes the pow 
er cost for moving the ambient air and also permits the 
use of a minimum size heat-exchanger surface since the 
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cycle duration can be made quite short. This is of par 
ticular importance where equipment should be small in 
SZC. 
While it is preferable to maintain co-current flow of 

the liquefied gas and ambient air and this condition 
should be used to provide the best results and the great 
est efficiency, satisfactory results can generally be 
achieved without maintaining co-current flow. An ar 
rangement in which the direction of flow of the ambient 
air only is reversed is illustrated in FiG. 2. In FIG. 2, 
the vaporizer-warmer is divided into two sections 30 and 
30'. Liquefied gas from a source 31 flows through feed 
line 32 and feed lines 33 and 33' to the coils 30 and 30'. 
the other ends of the coils 39 and 36' are connected 
through delivery lines 34 and 34", respectively, to the va 
porized gas discharge line 35. A shroud or housing 36, 
open at both ends, is provided around the coils 33 and 38' 
to direct and control the flow of ambient air set up by a 
fan 37. The fan 37 is reversible so that it can direct 
ambient air from point 38 to point 39, or from point 39 
to point 38. The lefthand end of coil 30 is labeled 43 
while the righthand end thereof is labeled 4. Similar 
ly, the lefthand end of coil 30' is labeled 40' while the 
Irighthand end thereof is labeled 41'. 

During a first part of each cycle, the fan 37 is caused 
to direct air from right to left, i.e., from point 39 to 
ward point 38. Air passing over the coil 30' will con 
tain condensible gas which will freeze out on the coil 
30'. This same air will then pass over the coil 30; but 
since a major portion of its condensible gas content will 
have been deposited on the coil 30', this air will be able 
to absorb condensibles and hence will be able to clean 
the surface of the coil 30 of condensible gas deposited 
thereon during the second part of the preceding cycle. 
When the condensible gas deposited on the coil 30' ex 
ceeds a desired amount so that the temperature of the 
vaporized gas delivered through the tube 34 is too low, 
the direction of air flow is reversed. This results in 
cleaning action on the surface of coil 30 and a deposi 
tion of condensibles on coil 30'. In other words, while 
one section of the vaporizer-warmer is having a layer of 
condensibles built up thereon, the other section is be 
ing cleaned by the air which has been stripped of conden 
sibles by the first section. The ambient air entering the 
shroud 36 at 38 or 39, as the case may be, and then 
passing over the adjacent vaporizer-warmer coil section 
30 or 30, is relatively free of condensibles by the time 
it reaches the other section of the vaporizer-warmer coil 
30' or 30, as the case may be, and will absorb conden 
sibles from the latter. 

In the case of FIG. 2, the two portions of the cycle 
may be of identical durations if the two vaporizer-warm 
er sections afford equal exchanger surface areas. The 
time duration of each portion of the cycle will be lim 
ited by the length of time required to build up a layer 
of condensation on either section of the vaporizer-warm 
er to the point where the vaporized and warmed gas leav 
ing that section becomes too cold due to the condensibles 
on the coil surface destroying the effectiveness of the 
heat-transfer surface. 
An operation in which the direction of air flow only 

is reversed, as described in connection with FIG. 2, is 
especially desirable when it is more economical and prac 
ticable to maintain a one-way flow of liquefied gas, such 
as in a very high-pressure system-cycle control of a 
very high-pressure fluid being difficult. 

Referring now to FIG. 3, there is illustrated an ar 
rangement in which only the direction of flow of the 
liquefied gas is changed. Liquefied gas from a source 
50 is delivered to the lefthand end (point 51) of vapor 
izer-warmer coil 52 through delivery line 53, a four-way 
valve 54 and a delivery line 55. The vaporized and 
warmed gas discharged from the righthand end (point 
56) of vaporizer-warmer coil 52 is delivered to discharge 
line 57 through a line 58 and the four-way valve 54. 
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By reversing the four-way valve 54, liquefied gas may 
be delivered to the righthand end of coil 52 and the va 
porized and warmed gas may be discharged through the 
line 55 to the line 57. Ambient air is directed through 
a shroud or housing 59 and over the coil 52 by a fan 
60. The fan 60 causes the air to enter the shroud at 
point 62 and to leave at point 61. 

In the first portion of each cycle, liquefied gas enters 
the vaporizer-warmer 52 at point 51, resulting in a de 
posit and buildup of condensibles on the exchange sur 
face starting at the point 51 and moving progressively 
toward the right in FIG. 3. When the buildup of con 
densibles results in too low a temperature of the va 
porized and warmed gas discharged at the point 56 the 
direction of flow of the liquefied gas is reversed, result 
ing in a deposition of condensibles at the righthand end 
of the eXchanger Surface and a cleaning of the lefthand 
portion of the exchanger surface. 
By properly sizing the exchanger surface area, mass 

flows and cycle times, the unit shown in FIG. 3 will 
operate indefinitely. Since the flow is not co-current 
during both portions of the cycle, care should be taken 
to maintain a relatively large flow of ambient air in pro 
portion to the fluid being vaporized since during the 
counter-current flow portion of the cycle, the removal of 
condensibles from the frozen portion of the heat ex 
changer is accomplished by a much less driving force. 
This is to say that the air flowing from 62 to 61 con 
tains a maximum of condensibles when the warmed and 
vaporized gas exists at point 56 and the removal of con 
densibles for the Zone nearest point 56 is done only by 
the difference between degree of concentration possible 
in ambient air and the degree actually present. During 
the other portion of the cycle a substantial proportion 
of the condensibles are frozen out of the air before it 
passes over the Surface to be cleaned, thus making the 
cleaning easier. It is unlikely that the air available will 
be saturated with respect to water and carbon dioxide, 
which are the major condensible constituents, so that, 
assuming that the air is not saturated with these con 
stituents, the only precaution that should be taken is to 
provide a relatively longer cycle time for the counter 
current flow. Alternatively, a larger exchanger surface 
may be used for the counter-current flow, as by unequal 
division of the exchanger surface between the two portions 
of the cycle. Another alternative, but which would be 
difficult to control under varying ambient conditions, is 
to provide a greater flow rate of ambient air during the 
counter-current flow than during the co-current flow. 
Another exchanger arrangement in which co-current 

flow can be maintained is illustrated in FIG. 4. In FIG. 
4, liquefied gas from a source 70 is supplied to the right 
hand end 71 of a vaporizer-warmer coil section 72 
through a feed line 73, a four-way valve 74 and a feed 
line 75. The liquefied gas discharged at left end 76 of 
coil 72 is conducted to left end 77 of another vaporizer 
Warmer coil section 78. The sections 72 and 78 are 
axially spaced within a shroud or housing 79 which serves 
to direct and control the flow of air from a fan 80 over 
the exchanger surfaces. The fan 80 is powered by a re 
versible electric motor 81. Vaporized and warmed gas 
discharged from right end 82 of coil section 78 is de 
livered to discharge line 83 through a line 84 and four 
way valve 74. 

During a first portion of each cycle, liquefied gas is 
conducted from right to left in coil 72 and then from left 
to right in coil 78. At this time the fan 80 is powered 
to force air from left to right in the shroud 79 so that 
condensibles from the ambient air are deposited on the 
coil 72 and are removed from the coil 78. A cycle-tim 
ing control which may be operated by a clock mech 
anism 85 reverses the four-way valve 74 and also reverses 
the electric motor 81 so that liquefied gas will flow from 
right to left in coil section 78 and thence from left to 
right in coil sections 72 while ambient air will be di 
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rected from right to left in the shroud 79. During this 
Second portion of the cycle, condensibles from the am 
bient air will be deposited on the coil section 78 and 
will be cleaned from the coil section 72. 

Another exchanger arrangement in which co-current 
flow can be maintained is illustrated in FIG. 5. Referring 
to FIG. 5, the vaporizer-warmer is formed by two sep 
arate coils 90 and 91 which are axially coincident but 
laterally spaced from each other. In practice, the coils 
90 and 9i may be wound close to each other. Liquefied 
gas from a source 92 is conducted through a feed line 
93 to left end 94 of coil 90 and through a feed line 95 
to right end 96 of coil 91. Vaporized and warmed gas 
from the right end 97 of coil 90 is delivered through a 
line 98 and a valve 99 to discharge line E90. Similarly, 
vaporized and warmed gas from the left end of coil 9 
is delivered to the discharge line 100 through a line AO 
and a valve 102. The waves 99 and 02 are controlled 
by solenoids 3 and 94, respectively, which are in 
turn controlled by clock-control mechanism i95. The 
clock mechanism. ES5 also controls a reversible electric 
motor 106 which drives fan 07. The fan 107 forces 
air. from right to left or left to right within a shroud or 
housing 108 provided around the vaporizer-warmer coils 
90 and 91. 
The valves and solenoids 99-63 and 62-04 are 

arranged so that when one valve is open the other is 
closed, and vice versa. With the valve 99 open, liquefied 
gas passes through coil 99 from point 94 to point 97. At 
this time valve 302 is closed so that no flow occurs through 
the coil 91. Air passing from left to right through the 
shroud 18 vaporizes and warms the liquefied gas in the 
coil 90, deposits condensibles from left to right on the 
coil 90 and removes condensibles from the coil 9 which 
had been deposited thereon during the latter portion of 
the preceding cycle. Similarly, air passing from right to 
left in the shroud 108 vaporizes and warms the liquefied 
gas in the coil 91, deposits condensibles on the coil 9. 
and removes condensibles from the coil 90 which had 
been deposited thereon during the latter portion of the 
preceding cycle. It will be observed that when gas and 
air flow occur from left to right frosting and depositing 
occur from left to right, and vice versa. 

It is particularly desirable that the invention be car 
ried out so that during each cycle portion the ambient 
air first sweeps over the coldest area of the heat-exchanger 
surface and then over the area to be cleaned. In this 
way a maximum amount of the moisture in the air will 
be frozen out on the cold surface and the air will have 
a maximum capacity for picking up moisture from the 
warmer surface due to the concentration difference driv 
ing force, which to some extent is independent of tem 
perature. 
A practical form of apparatus for carrying out the 

method of the invention is illustrated in FIGS. 6 and 7. 
The apparatus of FIG. 6 comprises three principal sec 
tions, these being a fan and motor Section contained in a 
housing 110, a heat-exchanger section contained in a 
housing 111, which also serves as the air directing shroud, 
and a liquid inlet-gas outlet manifold 112 mounted on 
the housing 1. The housings at and 11 are provided 
with flanges 13 and 1:4, respectively, which may be 
bolted together with bolts 15. 
The housing 0 contains a reversible electric motor 

and a fan arranged to blow ambient atmospheric air 
through the housing 11 in either direction, the air passing 
in the annular space between the housing Ei and a core 
116, which may be a hollow cylinder closed at one or 
both ends. The fan may draw air in through a port 17 
at the left end of the housing it.0 and exhaust the air 
through the annular opening 118 at the right end of the 
housing 1.1, or draw in air through the opening i3 and 
exhaust the air through the port i7, depending upon 
the direction of fan rotation. 
A three-section annular heat-exchanger coil 119 is 
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mounted on the core 16 within the housing it. The 
coil is wound in three sections of different diameter and 
which are connected together by headers at each end, the 
headers terminating in fluid connections 20 and 121, 
respectively. The three coil sections are thus connected 
in parallel so that fluid entering at 20 continuously pro 
greSSes toward the exit at 21, or vice versa. Thus, even 
though the individual turns of the coil sections are dis 
posed generally perpendicular to the direction of air flow, 
the direction of flow of the fluid contained in the coil is 
parallel to the direction of air flow. As illustrated, the 
three layers or sections of the coil 19 are spaced from 
each other and the individual turns are spaced from each 
other to permit adequate air flow therebetween and thus 
to afford an extended heat-exchanging surface for indirect 
heat-eXchange between the air and the liquefied gas. 
As best shown in F.G. 7, the end 2 of coil. ii.9 is 

connected to a bushing 22, which is connected through a 
Washer 23 to a coupling 524. A reducer bushing 125 is 
threaded into the coupling 124. A nipple 26 serves to 
connect a tubing 127 to the bushing 25. A similar con 
nection is afforded for the coil end 120. 
The tubing 27 is connected to the outlet of a valve 
28 carried on the manifold 12 and also, through a 

tubing 29, to the inlet of a valve E30 also carried on the 
manifold 2. Similarly, the coil end 20 is connected 
through a tubing 135 to the outlet of a valve 32 and, 
through a tubing 33, to the inlet of a valve i34, both 
valves being mounted on the manifold 2. The outlets 
of valves 139 and 34 are connected to high-pressure gas 
outlet tube 535, while the inlets of valves 123 and 32. 
are connected to high-pressure liquefied gas inlet tube 136. 

By opening valves 28 and 134, liquefied gas will enter 
the coil 19 at end 2 and will travel toward end 20, 
being warmed and vaporized as it progresses. By the 
time the gas is discharged into the outlet tube 35 it should 
be only a few degrees below the ambient air temperature. 
A reverse direction flow of gas can be provided by open 
ing valves 30 and 32 instead of valves 28 and 134. 
The valves may conveniently be solenoid-operated under 
time or temperature control in order to afford automatic 
transfer from each cycle portion to the next. 
The apparatus illustrated in FIGS. 6 and 7 is of the 

Same type as that illustrated in F.G. 1 in that it affords 
reversible flow for both liquefied gas, and air. This per 
mits co-current flow during both cycle portions, which is 
the preferred mode of carrying out the invention. 

In one embodiment of the apparatus shown in FIGS. 
6 and 7, the air flow was approximately 3450 s.c.f.m. 
The coil 19 was made of tubing having an outside diam 
eter of /2 inch and a wall thickness of 0.082 inch. The 
coil length was 250 feet affording an exchanger surface 
area of approximately 33 Square feet. The apparatus was 
used to charge a tank with gaseous oxygen. The liquid 
OXygen source included a pump which caused the de 
livered gas to reach a pressure of 3000 p.s.i.g., the start 
ing pressure with the gas tank empty being 0 p.s.i.g. 
With a half cycle (each cycle portion) time of approxi 
mately 30 minutes, the oxygen gas delivery was approxi 
mately 2000 s.c.f.h. The liquefied oxygen was delivered 
at approximately -297 F., while the gaseous oxygen 
was discharged from the exchanger at about 10 F. below 
ambient air temperature. 

It is desirable that the air temperature not change ap 
preciably in passing over the exchanger surface, since 
efficiency of operation will be maximized. By “not ap 
preciably” is meant a temperature change of not more 
than about 10 F. Larger air temperature changes, for 
example, 50 F., can be accommodated, but at reduced 
efficiency. 

It is particularly desirable that the invention be carried 
out so that during each cycle portion the ambient air 
first sweeps over the coldest area of the heat-exchanger 
Surface and then over the area to be cleaned. In this way 
a maximum amount of the moisture in the air will be 
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frozen out on the cold surface and the air will have a 
maximum capacity for picking up moisture from the 
warmer surface due to the concentration difference driv 
ing force, which to some extent is independent of tem 
perature. 

While the invention has been described in connection 
with specific steps, specific illustrations and specific uses, 
various modifications thereof will occur to those skilled 
in the art without departing from the spirit and Scope of 
the invention as set forth in the appended claims. 
What is claimed is: 
1. A cyclic process for vaporizing and Warming a 

liquefied gas having a boiling point below the tempera 
ture of a gaseous heat source, comprising the steps of 
passing said liquefied gas over one face of an extended 
heat-exchanging surface of a heat-exchanger device, pass 
ing a relatively warm gas from said heat source over the 
other face of said heat-exchanging surface in indirect 
heat-exchange with said liquefied gas to vaporize and 
warm the latter, permitting condensible gases contained 
in said relatively warm gas from Said heat source to 
freeze out on a first zone of said heat-exchanger surface 
which is the coldest zone during a first portion of each 
cycle, permitting condensible gases contained in said rela 
tively warm gas from said heat source to freeze out on a 
second zone of said heat-exchanger surface which is the 
coldest zone during a second portion of each cycle, uti 
lizing said relatively warm gas from said heat source 
to evaporate previously frozen out condensibles from 
said second Zone during said first portion of each cycle, 
utilizing said relatively warm gas from said heat source 
to evaporate previously frozen out condensibles from 
said first Zone during said second portion of each cycle, 
and periodically reversing the direction of flow of said 
liquefied gas and said relatively warm gas to effect trans 
fers between said first and second portions of cycle, said 
relatively warm gas during each portion of each cycle 
contacting first the coldest Zone of said heat-exchanger 
surface. 

2. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the tempera 
ture of available ambient air, comprising the steps of 
passing said liquefied gas over one face of an extended 
heat-exchanging surface, of a heat-exchanger device, 
passing ambient air over the other face of said heat 
exchanging device in indirect heat-exchange with said 
liquefied gas to vaporize and warm the latter, said air 
and said liquefied gas being passed along said surface 
in one direction during a first portion of each cycle and 
in the opposite direction during a second portion of 
each cycle whereby said air contacts first the coldest Zone 
of said surface, permitting condensible gases contained 
in said air to freeze out on the coldest zone of said 
surface during each portion of each cycle, utilizing said 
air during each portion of each cycle to evaporate con 
densible gases frozen out on the coldest Zone of said 
surface during the preceding cycle portion, and peridical 
ly reversing the direction of flow of said liquefied gas 
and said air, the time duration of each portion of each 
cycle being selected so that the condensible gases frozen 
out on said exchanger surface during the preceding cycle 
portion are substantially completely evaporated. 

3. The process set forth in claim 2, in which said 
liquefied gas is selected from the group consisting of 
oxygen, nitrogen and argon. 

4. The process set forth in claim 2, in which the 
time duration of each cycle portion is not greater than 
the time required for the temperature of said vaporized 
and warmed gas to fall below a predetermined value. 

5. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the tempera 
ture of available ambient air, comprising the steps of 
passing said liquefied gas over one face of an extended 
heat-exchanging surface of a heat eXchanger device, pass 
ing ambient air over the other face of said heat-ex 
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10 
changing surface in indirect heat-exchange with said 
liquefied gas to vaporize and warm the latter, the rela 
tive mass flows and velocities of said liquefied gas and 
said air being selected so that the temperature of Said 
air does not change appreciably during said heat-eX 
change, said air and said liquefied gas being passed along 
said surface in one direction during a first portion of 
each cycle and in the opposite direction during a second 
portion of each cycle whereby said air contacts first the 
coldest zone of said surface, permitting condensible gases 
contained in Said air to freeze out on the coldest Zone 
of said surface during each portion of each cycle, utilizing 
said air during each portion of each cycle to evaporate 
condensible gases frozen out on the coldest Zone of said 
surface during the preceding cycle portion, and periodical 
ly reversing the direction of flow of said liquefied gas 
and said air, the time duration of each portion of each 
cycle being selected so that the condensible gases frozen 
out on said exchanger Surface during the preceding cycle 
portion are substantially completely evaporated. 

6. A cyclic process for vaporizing and Warming a 
liquefied gas having a boiling point below the temperature 
of a gaseous heat source, comprising the steps of passing 
said liquefied gas over one face of an extended heat-ex 
changing surface of a heat-exchanger device, passing a 
relatively warm gas from Said heat source over the other 
face of Said heat-exchanging Surface in indirect heat-ex 
change with said liquefied gas to vaporize and warm the 
latter, said liquefied gas and said relatively warm gas being 
passed along said surface in one direction during a first 
portion of each cycle and in the opposite direction dur 
ing a second portion of each cycle whereby said rela 
tively Warm gas contacts first the coldest zone of said 
Surface, permitting condensible gases contained in said 
Telatively Warm gas to freeze out on the coldest zone of 
Said Surface during each portion of each cycle, utilizing 
said relatively Warm gas during each portion of each 
cycle to evaporate condensible gases frozen out on the 
coldest Zone of said Surface during the preceding cycle 
portion, and periodically reversing the direction of flow 
of Said liquefied gas and said relatively warm gas, the 
time duration of each portion of each cycle being selected 
So that the condensible gases frozen out on said ex 
changer Surface during the preceding cycle portion are 
substantially completely evaporated. 

7. A cyclic process for vaporizing and warming a lique 
fied gas having a boiling point below the temperature of 
available ambient air, comprising the steps of passing 
Said liquefied gas over one face of each of two axially 
Spaced axially extended heat-exchanging surfaces of a 
heat-exchanging device, said liquefied gas passing along 
said Surfaces in opposite directions, passing ambient air 
over the other face of each of said heat-exchanging sur 
faces in indirect heat-exchange with said liquefied gas, said 
ambient air passing first along one of said surfaces and 
then along the other of said surfaces during a first portion 
of each cycle, said ambient air passing first along the other 
of said surfaces and then along said one surface during a 
Second portion of each cycle, permitting condensible 
gases including Water vapor and carbon dioxide contained 
in said air to freeze out on said one surface during said 
first portion of each cycle and on said other surface dur 
ing said second portion of each cycle, utilizing said air 
passing along said one surface during said second portion 
of each cycle and along said other surface during said 
first portion of each cycle to evaporate from said surfaces 
condensible gases frozen out on said respective surfaces 
during the preceding cycle portion, and periodically re 
versing said direction of flow of said air and said direc 
tions of flow of said liquefied gas so that the ambient air 
entering said heat-exchanger device at all times contacts 
first the coldest Zone of said surfaces, the time duration 
of each cycle portion being not greater than the time re 
quired for the temperature of the discharged warmed and 
vaporized gas to fall below a predetermined value. 



3,058,817 
1 

8. The process set forth in claim 7, in which said lique 
fied gas is slected from the group consisting of oxygen, 
nitrogen and argon. 

9. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the temperature 
of available ambient air, comprising the steps of passing 
said, liquefied gas over one face of each of said two axially 
spaced axially extended heat-exchanging surfaces of a 
heat-exchanging device, said liquefied gas passing along 
said surfaces in opposite directions, passing ambient air 
over the other face of each of said heat-exchanging Sur 
faces in indirect heat-exchange with said liquefied gas, 
said ambient air passing first along one of said surfaces 
and then along the other of said surfaces during a first 
portion of each cycle, said ambient air passing first along 
the other of said, surfaces and then along said one sur 
face during a second portion of each cycle, the relative 
mass flows and velocities of said liquefied gas and said 
air being selected so that the temperature of said air does 
not change appreciably during said heat-exchange, per 
mitting condensible gases contained in said air to freeze 
out on said one surface during said first portion of each 
cycle and on said other surface during said second portion 
of each cycle, utilizing said air passing along said one 
surface during said second portion of each cycle and 
along said other surface during said first portion of each 
cycle to evaporate from said surfaces condensible gases 
frozen out on said respective surfaces during the preced 
ing cycle portion, and periodically reversing said direction 
of flow of said air and said directions of flow of said 
liquefied gas so that the ambient air entering said heat 
exchanger device at all times contacts first the coldest 
zone of said surfaces, the time duration of each cycle 
portion being not greater than the time required for the 
temperature of the discharged warmed and vaporized 
gas to fall below a predetermined value. 

10. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the temperature 
of a gaseous heat source, comprising the steps of passing 
said liquefied gas over one face of each of two axially 
spaced axially extended heat-exchanging surfaces of a 
heat-exchanger device, said liquefied gas passing along 
said surfaces in opposite directions, passing a relatively 
warm gas from said heat source over the other face of 
each of said heat-exchanging surfaces in indirect heat-ex 
change with said liquefied gas, said relatively warm gas 
passing first along one of said surfaces and then along 
the other of said surfaces during a first portion of each 
cycle, said relatively warm gas passing first along the other 
of said surfaces and then along said one surface during a 
second portion of each cycle, permitting condensible gases 
contained in said relatively warm gas to freeze out on said 
one surface during said first portion of each cycle and on 
said other surface during said second portion of each cy 
cle, utilizing said relatively warm gas passing along said 
one surface during said second portion of each cycle and 
along said other surface during said first portion of each 
cycle to evaporate from said surfaces condensible gases 
frozen out on said respective surfaces during the preced 
ing cycle portion, and periodically reversing said direc 
tion of flow of said relatively warm gas and said direc 
tions of flow of said liquefied gas so that the relatively 
warm gas entering said heat-exchanger device at all 
times contacts first the coldest Zone of said surfaces, the 
time duration of each cycle portion being not greater than 
the time required for the temperature of the discharged 
warmed and vaporized gas to fall below a predetermined 
value. 

11. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the tempera 
ture of available ambient air, comprising the steps of 
passing said liquefied gas over one face of each of two 
axially extended heat-exchanging surfaces of a heat-ex 
changer device, said liquefied gas passing along said Sur 
faces in opposite directions, passing ambient air over the 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2 
other face of each of said heat-exchanging surfaces in in 
direct heat-exchange with said liquefied gas, said surfaces 
being disposed in the same axial position but laterally 
spaced from each other with respect to the direction of 
air flow therealong, permitting flow of said liquefied gases 
along one of said surfaces only during a first portion of 
each cycle and along the other of said surfaces only dur 
ing a second portion of each cycle, causing the direction of 
flow of said air during each portion of each cycle to be 
the same as the direction of flow of said liquefied gas, 
perinitting condensible gases contained in said air to 
freeze out on the surface past which liquefied gas is flow 
ing during each portion of each cycle, and utilizing said 
air flowing along the surface past which liquefied gas is 
not flowing during each portion of each cycle to evaporate 
therefrom condensible gases frozen out thereon during 
the preceding cycle portion, the time duration of each cy 
cle portion being not greater than the time required for 
the temperature of the discharged vaporized and warmed 
gas to fail below a predetermined value. 

12. The process set forth in claim 11 in which said 
liquefied gas is selected from the group consisting of oxy 
gen, nitrogen and argon. 

13. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the tempera 
ture of available ambient air, comprising the steps of 
passing said liquefied gas over the face of each of two 
axially extended heat-exchanging surfaces of a heat-ex 
changer device, said liquefied gas passing along said Sur 
faces in opposite directions, passing ambient air over the 
other face of each of said heat-exchanging surfaces in in 
direct heat-exchange with said liquefied gas, said surfaces 
being disposed in the same axial position but laterally 
spaced from each other with respect to the direction of 
air flow therealong, the relative mass flows and velocities 
of said liquefied gas and said air being selected so that the 
temperature of said air does not change appreciably dur 
ing said heat-exchange, permitting flow of said liquefied 
gases along one of said surfaces only during a first portion. 
of each cycle and along the other of said surfaces only 
during a second portion of each cycle, causing the direc 
tion of flow of said air during each portion of each cycle 
to be the same as the direction of flow of said liquefied 
gas, permitting condensible gases contained in said air to 
freeze out on the surface past which liquefied gas is flow 
ing during each portion of each cycle, and utilizing said 
air flowing along the surface past which liquefied gas is 
not flowing during each portion of each cycle to evaporate 
therefrom condensible gases frozen out thereon during 
the preceding cycle portion, the time duration of each cycle 
portion being not greater than the time required for the 
temperature of the discharged vaporized and warmed 
gas to fall below a predetermined value. 

14. A cyclic process for vaporizing and warming a 
liquefied gas having a boiling point below the tempera 
ture of a gaseous heat source, comprising the steps of 
passing said liquefied gas over one face of each of two 
axially extended heat-exchanging surfaces of a heat-ex 
changer device, said liquefied gas passing along said Sur 
faces in opposite directions, passing a relatively warm gas 
from said heat source over the other face of each of Said 
heat-exchanging surfaces in indirect heat-exchange with 
said liquefied gas, said surfaces being disposed in the same 
axial position but laterally spaced from each other with 
respect to the direction of relatively warm gas flow there 
along, permitting flow of said liquefied gases along one 
of said surfaces only during a first portion of each cycle 
and along the other of said surfaces only during a second 
portion of each cycle, causing the direction of flow of 
said relatively warm gas during each portion of each 
cycle to be the same as the direction of flow of said lique 
fied gas, permitting condensible gases contained in said 
relatively warm gas to freeze out on the surface past 
which liquefied gas is flowing during each portion of each 
cycle, and utilizing said relatively warm gas flowing along 
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the surface past which liquefied gas is not flowing during 
each portion of each cycle to evaporate therefrom con 
densible gases frozen out thereon during the preceding 
cycle portion, the time duration of each cycle portion be 
ing not greater than the time required for the tempera 
ture of the discharged vaporized and warmed gas to fall 
below a predetermined value. 
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