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VAPORIZATION-CONDENSATION
APPARATUS FOR AIR DISTILLATION
DOUBLE COLUMN, AND AIR
DISTILLATION EQUIPMENT INCLUDING
SUCH APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to vaporizers-condensers of
air distillation equipments. It first concerns an apparatus for
vaporizing oxygen and condensing nitrogen for an air dis-
tillation double column of the type comprising at least a
main heat exchanger disposed 1n the vat portion of the low
pressure column, this exchanger being of the running type
and 1ncluding oxygen ducts, means for causing oxygen 1n
excess to run 1n these ducts, means for withdrawing total
vaporized oxygen and excess liquid [nitrogen] oxygen
through the lower ends of these same ducts nitrogen ducts 1n
indirect heat exchange relationship with the oxygen ducts,
means for feeding nitrogen gas originating from the mean
pressure column to the nitrogen ducts, and means for return-
ing condensed nitrogen to the mean pressure column.

2. Description of Prior Art

In the equipments for the distillation of air of the double
column type, the liquid oxygen which 1s found 1n the vat
portion of the low pressure column i1s vaporized by heat
exchange with nitrogen gas taken in the head portion of the
mean pressure column. For a given operating pressure of the
low pressure column, the temperature difference between
oxygen and nitrogen which 1s made necessary by the struc-
ture of the heat exchanger affects the operating pressure of
the mean pressure column. It 1s therefore desirable that this
temperature difference be as low as possible, 1n order to
minimize the expenses associlated with the compression of
the air to be treated which 1s 1njected 1n the mean pressure
column.

The vaporizers-condensers of the running type are very
advantageous because of their excellent heat exchange
performances, and can be reliably and economically pro-
duced as a result of the technology described in EP-A-130
122 1n the name of the Applicant.

However, the following problem occurs.

During a stoppage of the equipment for the distillation of
air as a result of an incident (temporary cut of electricity,
machine break, etc. . . ) or a programmed stoppage, the
liquids accumulated on the plates of the upper column (low
pressure column) and [eventually] possibly in the argon
mixture column which 1s associated with the double column,
and even the liquids accumulated on the plates of the lower
column (mean pressure column), if no step is taken with
respect to the operation of the valve for the upward move-
ment of enriched liquid, will be poured in the vat of the low
pressure column, precisely where the vaporizer-condenser 1s
mounted.

With units 1n which high purities and high yields of
extraction are required, there 1s a large number of plates and
the “working charge” of liquid thus abruptly poured 1n the
vat of the low pressure column 1n the case of a stoppage, will
represent a height of many meters. When the exchanger 1s
mounted in the vat of the low pressure column and when the
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2

exit of oxygen, 1n the form of gas as well as liquid can only
take place at the base of the exchanger, the latter, then being
at least partially immersed, 1s not capable of reprinting again
when restarting the equipment.

The resumption of operation of the unit after a few
moments, a few hours or even a few days of stoppage
therefore requires a previous fushing of the liquid still

present 1 the vat, while this liquid 1s welcome since it
enables to 1instantaneously recharge the plates of the various
columns of which 1t constitutes the “working charge”.

To reprime the vaporizer-condenser without flushing the
liquid which 1s accumulated in the vat, one would think
cither of mounting the exchanger at a sufficient height from
the bottom of the vat of the column so that the liquid
collected does not reach the lower part of this exchanger, or
of mounting outside the column, or as an appendix or as a
standing out of the column vat, an element capable of
retention of this liquid. However, these solutions necessitate
a large space which would not be 1n use 1n normal operation,
and which would represent an excessive mnvestment cost

SUMMARY OF INVENTION

It 1s an object of the 1nvention to solve the problem of
repriming the heat exchanger in a relatively economical
manner.

For this purpose, it 1s an object of the present invention to
provide a vaporizer-condenser of the above type, character-
1zed 1n that the main heat exchanger 1s disposed so as to be
at least partially immersed during a stoppage of the opera-
tion of the double column, and 1n that the apparatus com-
prises at least an auxiliary heat exchanger adapted to alone
ensure the vaporization of liquid when the main exchanger
1s at least partially immersed.

According to a first embodiment, the auxiliary exchanger
1s an exchanger of the running type containing oxygen ducts,
means for causing oxygen to run 1n excess in these ducts,
nitrogen ducts 1n i1ndirect heat exchange relationship with
the oxygen ducts, means for feeding nitrogen gas originating
from the mean pressure column, and means to return con-
densed nitrogen to the mean pressure column, the auxiliary
exchanger being entirely located above the maximum level
of the liquid 1n the vat of the low pressure column. Also,
there are provided means enabling to upwardly move this
liquid to the top of the oxygen ducts of the auxiliary
exchanger as well as means to send liquid from the lower
end of the auxiliary exchanger to the top of the oxygen ducts
of the main exchanger.

According to a second embodiment, the auxiliary
exchanger 1s an exchanger of the same type as the main
exchanger and 1s mounted substantially at the same level as
the latter in the vat of the low pressure column, the top of the
oxygen ducts of the auxiliary exchanger being exclusively
supplied through a duct enabling the upward movement of
the liquid contained 1n this vat.

According to a third embodiment, the other heat
exchanger 1s an exchanger of the bath type disposed below
the main exchanger in the vat of the low pressure column.

It 1s also an object of the invention to provide a double
column air distillation equipment, comprising a
vaporization-condensation apparatus as defined above.

BRIEF DESCRIPTION OF DRAWINGS

Some exemplified embodiments will now be described
with respect to the annexed drawings, in which:

FIG. 1 1s a schematic representation of the structure and
the operation of a heat exchanger of the running type and
with an oxygen exit exclusively through the bottom;
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FIGS. 2—6 are schematic representations of a portion of an
air distillation equipment according to the 1nvention, accord-
ing to many different embodiments of the vaporization-
condensation apparatus.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Each figure shows the top of the mean pressure column 1
and the vat of the low pressure column 2 of a double column
air distillation equipment. It 1s seen that each column com-
prises distillation plates 3 or an equivalent structure for heat
and material exchange. Column 1, which operates under
about 6 bars absolute, 1s defined by a cylindrical member 4,
and column 2, which operates slightly above atmospheric
pressure 1s defined by cylindrical member 5. The two
columns are separated by a bottom portion 6 which 1is
upwardly bulging. Nitrogen 1s condensed at the head of
column 1 by vaporizing liquid oxygen reaching the vat of
column 2, by means of an indirect heat exchanger of the
running type.

The exchanger 7 essentially comprises a parallelepipedic
block of large dimensions, for example 1 to 1.5 square meter
of horizontal cross-section and 3 to 6 meters high, formed by
piling a large number of parallel vertical plates made of
aluminum which define flat ducts between one another. Each
of these ducts contain aluminum waves defining braces and
wings and 1s bound by vertical or horizontal bars. A portion
of these ducts, for example every second one, 1s an oxXygen
duct and the remaining ducts are nitrogen ducts. The oxygen
ducts are supplied at the top with liquid oxygen by means of
a liquid holder 8 formed above the exchanger, laterally
closed and opened towards the bottom. The nitrogen ducts
are closed on all sides and are laterally supplied with
nitrogen gas in the vicinity of their upper ends, by means of
a semi-cylindrical box 9 with horizontal axis, which com-
municates with the top of column 1 by means of a duct 10.
The condensed nitrogen 1s laterally collected at the bottom
of the same ducts by means of another semi-cylindrical box
11 with horizontal axis and, from there, 1s sent 1n column 1
through duct 12. The latter opens 1n a channel 13 which
constitutes a holder for liquid nitrogen. The block for the
exchanger 7 1s assembled by oven braising.

In normal operation, a bath of liquid oxygen 14 1s present
in the vat of the column 2, and its level N 1s below the lower
end of the exchanger 7, at a small distance from the latter.
A pump 15 sends upwardly via a duct 16 a flow D of 11q111d
oxygen 1n the holder 8, which also receives a flow D of
liquid oxygen from the plates of column 2. A flow D of
oxygen 1s vaporized 1n the exchanger 7, so that a flow D of
liquid oxygen 1n excess falls into bath 14. In practice, the
flows can vary slightly from value D.

Other details concerning the structure and the operation of

such a running vaporizer-condenser are described 1n EP-A-
130 122 mentioned above.

As a variant, pump 15 can be replaced by any other means
of Jupwardly] moving liquid upwards, for example by
means of a thermosiphon or gas “extraction” comprising an
indirect heat exchanger 15A heated with an appropriate
fluid, which can be the “rich liquid” originating from the vat
of column 1, as 1t 1s known 1n the art. On FIG. 1, this variant
has been represented 1in broken line and a duct 17 for
withdrawing oxygen gas from column 2 and a duct 18 for
withdrawing liquid nitrogen from column 1 have also been
illustrated.

To reduce [at a maximum] as much as possible the height
of the lower pressure column, 1t 1s provided that the level N

10

15

20

25

30

35

40

45

50

55

60

65

4

1s at a small distance below the exchanger 7, as indicated
above. If the equipment 1s stopped as explained above, the
“working charge” of many plates 1s collected 1n the vat
portion of column 2, and the liquid climbs up to a level N1
in which the exchanger 7 1s partially immerse. In particular,
there 1s a certain height of liquid 1n the lower portion of the
oxygen ducts of this exchanger. When the equipment is
stared again, a small quantity of oxygen 1s vaporized, but
since the oxygen ducts are opened only towards the bottom,
a state of equilibrium 1s rapidly achieved, and the exchanger
cannot continue to operate. FIGS. 2-§, on which the ducts
concerning nitrogen have been omitted for better 1llustration
of the drawing, show how the equipment can be modified
according to the invention to enable the repriming of the
exchanger 7.

In the solution of FIG. 2, the vat of column 2 contains two
main heat exchangers 7 disposed 1n parallel at the same level
as FI1G. 1, 1.e. with their lower ends very close to the bottom
6, just above level N of the bath of liquid oxygen. The holder
8 1s common to both exchangers.

The equipment includes an auxiliary cylindrical member
19 containing an auxiliary heat exchanger 20. This
exchanger 1s also of the running type and 1s similar to
exchanger 7. Cylindrical member 19 1s closed at the top by
an upper partition 21 and at the bottom by a lower partition
22, the latter being above the lever of the holder 8 of
exchangers 7. Duct 16 for the upward movement of liquid
opens at the top of cylindrical member 19; a duct 23
connects the bottom 22 to holder 8, and ducts 24 and 24 A,
respectively connect the space located immediately below
exchanger 20 and the space located above partition 21 to the
region of the cylindrical member 5 located immediately

above holder 8.

In normal operation, pump, 15 moves liquid oxygen
upwardly bath 14 above cylindrical member 19 to maintain
an auxiliary liquid holder 25 above the exchanger 20. About
half of this flow of liquid is vaporized 1n the exchanger, and
the excess of liquid oxygen as well as vaporized oxygen pass
through cylindrical member 5 via ducts 23 and 24. The
excess liquid oxygen 1s added to the liquid oxygen falling
from the plates of column 2 1n the holder 8, and about halt
of the total flow of liquid oxygen feeding the latter is
vaporized 1n the exchangers 7, the excess liquid being taken
over by the pump 135.

During a stoppage of the equipment, the vat liquid of
column 2 moves upwardly to level N1 as in FIG. 1. To
reprime the equipment, pump 15 pushes some hiquid up to
the top of the auxiliary exchanger 20, which through its
position, remains operational. A portion of the flow of liquid
1s therefore vaporized through the sole action of the
exchanger 20, and the excess liquid as well as the vaporized
liquid 1s sent, as previously, into cylindrical member 5, via
ducts 23 and 24. Then, the lLiquid level progressively
decrease 1n column 2, and when the level N returns about to
normal, the exchangers 7 can resume their operation. The
dimensions of exchanger 20 are such as to permit the
equipment to treat a flow of air which 1s required for priming
the plates 1n order that their “working charge” be
reconstituted, this flow of air being lower than the flow
corresponding to the normal operation of the equipment.

Thus, the additional cylindrical member 19 and the aux-
iliary exchanger 20 are constantly used as additional heat
exchange surface which improves the thermic performance
of the equipment.

As a variant, the exchanger 20 may be disposed at a level
which 1s lower than the holder 8 or even lower than level N1
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with an additional pump provided on the duct 23. On the
other hand, cylindrical member 19 can be made of the
exchanger block per se 1n 1ts running portion.

In the equipment of FIG. 3, there are three exchangers 7
and they are disposed Sin FIG. 2, side by side and imme-
diately above bath 14, with a common holder 8. The
auxiliary exchanger 1s made of three exchangers 20A which
are 1dentical to exchanger 7 and are disposed in column 2
immediately above the latter. Duct 16 comprises a branch
16 A opening 1n the holder 25A of exchangers 20A, and a
branch 16B opening in the holder 8 of exchangers 7. These
ducts are provided with respective stop valves 26A and 26B.

In normal operation; the bath 14 of liquid oxygen 1s at
level N. Valve 26A 1s closed and valve 26B 1is opened. The
auxiliary exchangers 20A are supplied with liquid oxygen
exclusively by means of the plates of column 2, they
vaporize just about half this flow and send the remainder to
holder 8. A flow of the same order 1s moved upwardly to
holder 8 by means of pump 15, half of the total flow 1s
vaporized 1n the exchangers 7 and the remaining portion

falls into bath 14.

During a stoppage of the equipment, the upward move-
ment of the liquid to level N1 causes the exchangers 7 to be
partially immersed. When the equipment 1s again started,
valve 26B 1s closed, valve 26A 1s opened, and pump 15
moves liquid upwardly to upper holder 25A. A portion of
this flow 1s vaporized, the liquid progressively lowers 1 the
vat of the column, and when the liquid returns to approxi-
mately the level N, the exchangers 7 resume their operation.
The advantage of this solution resides in the fact that 1t 1s
possible to dispose auxiliary exchangers having a much
higcher heat surface than the cylindrical member of the
column per se, which enables further improvement in the
heat exchange performance 1n normal operation, for
example to reach a temperature difference on the order of
0.5° C. between mean pressure nitrogen and liquid oxygen.
It will be noted, moreover, that duct 17 for withdrawing
oxygen gas can be disposed anywhere between the top of
exchangers 7 and the plates of column 2 without running the
risk of removing some liquid.

It should be noted that the exchangers 20 of FIG. 2 and
20A of FIG. 3 could be designed so as to permit the

withdrawal of the vaporized liquid from the top as described
in the European Patent Application mentioned above.

In the embodiment of FIG. 4, there are provided, side by
side 1n cylindrical member 5, two main exchangers 7 and
two auxiliary exchangers 20B. The four exchangers have
their lower end located at a short distance above level N;
they are all identical, with the exception that the two
exchangers 7 have a common holder 8 which 1s opened at
the top as in the previous examples while the two exchangers
20AB have a common holder 25B which 1s sealingly cov-
ered with a semi-cylindrical horizontal feeding box 27 to
which duct 16 opens. A duct 27A starts from the top of the
box 27, exits from cylindrical member 5, 1s provided outside

the latter with a valve 27B and opens in cylindrical member
S, above level N.

In normal operation of the equipment, valve 27B 1s
opened. The same flow reaches holder 8 as originating from
the plates and the holder 25B via duct 16. Each exchanger
vaporizes about a quarter of this flow, and the excess liquid
falls in bath 14 to be sent upwardly via pump 15.

During a stoppage of the equipment, the liquid moves
upwardly to the level N1 and partially immerses the four
exchanges. To restart the installation, valve 27B 1s closed;
the pump pushes some liquid upward 1 box 27 and intro-
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duces 1nto the latter an overpressure which enables vapor-
1zed oxygen 1n the exchangers 20B to act against the thrust
of the liquid bath 1n lower portion. The liquid progressively
lowers 1n the vat of the column, the pressure 1n box 27 also
decrease gradually and when the level N returns about to

normal, the exchangers 7 start again to operate and valve
278 1s opened.

The advantage of this solution is that no additional height
of the cylindrical member 5 nor any auxiliary space outside
the column are required.

FIG. § represents a solution which may be considered as
a variant of FIG. 2: the cylindrical member 19 1s at a lower
level than FIG. 2, the bottom 22 1s substantially at the level
of bottom 6 of the double column. A duct 28 provided with
a valve 29, replacing the duct 23, connects the vats of the
cylindrical members 8 and 19. As 1n FIG. 2 duct 24 connects
the space located immediately below exchanger 20 to the

region of cylindrical member 5 located above holder 8. Duct
24A 1s provided with a valve 24B.

In normal operation, the valves 29 and 24B are opened
and level N 1s established 1n the two cylindrical members 3
and 19. Exchanger 20 constitutes an additional vaporizer-
condenser which 1s supplied with liquid oxygen through the
duct 16 while the exchanger 7 1s supplied with liquid oxygen
exclusively by means of the plates 3.

As soon as the equipment stops valve 29 1s closed at the
same time as the pump stops, which prevents the immersion
of the exchanger 20. When restarting, liquid 1s vaporized
through the sole action of the exchanger 20, and it will be
relised it 1s a diphasic fluid which returns to column 2 via

duct 24.

Another possibility 1s that valve 29 remains opened. The
exchanger 20 1s then partially immersed as is the case with
the exchanger 7 during stoppages of the equipment, and
restarting 1s carried out by closing valve 24B and by
providing an overpressure at the upper end of the cylindrical
member 19 by means of pump 15, in a stmilar manner as that
which has been described with respect to FIG. 4. This way
of restarting with the immersed exchanger 20 can, on the
other hand still be carried out with valve 29 closed.

In the embodiment of FIG. 6, there are provided three
exchangers 7 and, immediately below these exchangers and
immediately above bottom 6, there are a plurality of, for
example three auxiliary exchangers 20C of the bath or
thermosiphon type. These exchangers differ from exchang-
ers 7 1n that there 1s no upper holder 8, the oxygen ducts
being upwardly freely opened. Such exchangers, which are
well known 1n the art of air distillation, may operate by being
completely immersed. On the other hand, there 1s no duct 16.

In normal operation of the equipment, level N 1s such that
the exchangers 20C are nearly enfirely immersed. The
holder 8 of the exchangers 7 1s supplied with liquid oxygen
originating solely from the plates. About half the flow 1is
vaporized in these exchangers and the remaining portion
falls mnto bath 14. Since the exchangers 20C vaporize this
excess How, 1t 1s therefore not necessary 1n principle to send
some liquid towards holder 8. However as a variant, since
the bath type vaporizers have a lower yield than the running
type vaporizers, it may be preferable to adjust the size of the
exchangers 20C so that they vaporize only a small fraction
of the flow of liquid oxygen, the excess flow then being sent
into holder 8 as previously mentioned.

During a stoppage of the equipment, the liquid climbs to
level N1, so that the exchangers 20C are totally immersed
and the exchangers 7 are partially immersed Restarting 1s
carried out without difficulty, first exclusively through the
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vaporization provided by the exchangers 20C, then when the
level N 1s substantially reestablished also by means of
exchangers 7.

Due to the presence of bath type exchangers, the solution
of FIG. 6 1s more particularly suitable to those cases where
relatively moderate heat exchange performance 1s
acceptable, for example, a difference of temperature of the
order of 1° C. between mean pressure nitrogen and liquid
oXygen.

We claim:

1. Apparatus for vaporizing oxygen and condensing nitro-
oen for air distillation equipment of the double column type
having a low pressure column containing a vat and a mean
pressure column and comprising at least a main heat
exchanger disposed 1n the vat of the low pressure column,
said exchanger being of the running type and including
oxygen ducts [and nitrogen ducts], means for causing oxy-
gen to run 1n excess 1n said oxygen ducts, means for
withdrawing total vaporized oxygen and excess liquid oxy-
ogen through a lower end of said oxygen ducts, nitrogen ducts
in 1ndirect heat exchange relationship with the oxygen ducts,
means for feeding nitrogen gas originating from the mean
pressure column to the nitrogen ducts and means for return-
ing condensed nitrogen to the mean pressure column,
wherein the main heat exchanger 1s mounted so as to be at
least partially immersed during a stoppage in the operation
of the air distillation equipment, the improvement compris-
ing at least an auxiliary heat exchanger for ensuring, sub-
stantially by 1tself, liquid vaporization when the main
exchanger 1s at least partially immersed.

2. The improvement according to claim 1, wherein the
auxiliary exchanger 1s of the running type containing oxygen
ducts and nitrogen ducts in mdirect heat exchange relation-
ship with the oxygen ducts, means for feeding the nitrogen
ducts with nitrogen gas originating from the mean pressure
column, means for supplying excess liquid oxygen from the
auxiliary exchanger to the main heat exchanger, means to
return condensed nitrogen i1n the mean pressure column,
means for returning liquid oxygen contained 1n the vat of the
low pressure column to the top of the oxygen ducts of the
auxiliary exchanger and means for returning liquid oxygen
from the lower end of the auxiliary exchanger to the top of
the oxygen ducts of the main exchanger.
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3. The improvement according to claim 2, wherem the
auxiliary exchanger 1s entirely located above a maximum
level of the liquid oxygen in the vat of the low pressure
column.

4. The improvement according to claim 3, wherein the
auxiliary exchanger 1s entirely mounted above the top of the
main exchanger.

5. The improvement according to claim 4, wherein the
auxiliary exchanger 1s mounted 1n the low pressure column
above the main exchanger.

6. The improvement according to claim 2, wherein the
auxiliary exchanger 1s mounted outside the low pressure
column.

7. The improvement according to claim 1, wherein the
auxiliary exchanger 1s an exchanger of the same type as the
main exchanger and 1s mounted at substantially the same
level as the main exchanger, the top of the oxygen ducts of
the auxiliary exchanger being covered with a sealed feeding
box supplied exclusively through a duct for moving liquid
contained 1n said vat upwardly to said auxiliary exchanger.

8. The improvement according to claim 1, wherein the
auxiliary heat exchanger 1s a bath type exchanger mounted
below the maim exchanger in the vat of the low pressure
column.

9. Equipment for air distillation of the double column type
having a low pressure column and a mean pressure column
and comprising at least a main heat exchanger disposed 1n
the low pressure column, said exchanger being of the
running type and mcluding oxygen ducts for causing oxygen
to run 1n excess 1n said ducts, means for withdrawing total
vaporized oxygen and excess liquid oxygen through an end
of said ducts, nitrogen ducts 1n indirect heat exchange
relationship with the oxygen ducts, means for feeding nitro-
ogen gas from the mean pressure column to said nitrogen
ducts, and means for returning condensed nitrogen to said
mean pressure column, wherein said main heat exchanger 1s
mounted so as to be at least partially immersed during a
stoppage 1n the operation of the double column, the
improvement comprising at least an auxiliary heat
exchanger for providing, by itself, liquid vaporization when
sald main exchanger 1s at least partially immersed 1n said
liquid oxygen.
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