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ABSTRACT OF THE DISCLOSURE

A distilling or rectifying column wherein the upper end
portion of the shell carries an air-cooled condenser for the
head fraction. The condenser has several discrete condens-
ing units whose heat-exchanging pipes communicate with
the shell to receive the head fraction and discharge con-
densate into collecting chambers. Each condensing unit
is surrounded by an enclosure which has an inlet below
the pipes and shields the outer sides of the pipes from
wind, sun and precipitation. The air is drawn through the
inlets by one or more fans which are mounted in a dome
located above a compartment which is surrounded by the
condensing units. The spaces defined by the enclosures at
the outer sides of pipes in the condensing units taper up-
wardly from the inlets to insure uniform distribution of
air pressure. The enclosures can be united into a single
annular enclosure which completely surrounds the con-
densing units.

CROSS-REFERENCE TO RELATED APPLICATION

The condenser of the present invention belongs to the
class of condensers as disclosed in the copending applica-
tion Ser. No. 58,418, filed July 27, 1970 by Harry Kassat
et al., and owned by the assignee of the present applica-~
tion.

BACKGROUND OF THE INVENTION

The present invention relates to improvements in air-
cooled condensers for head fractions or low boiling frac-
tions in rectifying or distilling columns. More particularly,
the invention relates to improvements in air-cooled con-
densers which are designed to be mounted on top of the
shells of rectifying or distilling columns.

Various types of air-cooled condensers (so-called col-
umn-head condensers) have found widespread acceptance
in distilling and rectifying plants. An advantage of such
condensers in that they need not be provided with separate
frames or supports because they can be conveniently in-
stalled on top of the shell of a distilling or rectifying
column. Moreover, such condensers occupy space which
is otherwise unused and the head fraction can enter the
heat-exchanging pipes of such condensers by way of short
conduits to thus reduce pressure losses.

On the other hand, presently known condensers for use
on the shell of a distilling or rectifying column exhibit a
number of serious drawbacks. For example, wind, rain,
snow or other precipitation is likely to exert undue influ-
ence on the cooling action and on the temperature of
condensate. This is due to the fact that the heat-exchang-
ing pipes of such condensers are normally disposed in
groups which are located in vertical planes and form the
sides of a polygon whose center is located on the axis of
the shell. The outer sides of the groups (i.e., of the pipes
in such groups) are fully exposed so that-a hot sun, a
strong wind or a driving rain is quite likely to affect the
condensation of head fractions. Since the condensers are
mounted at a substantial distance above the ground, the
influence of wind, sun and/or precipitation is even more
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pronounced. The situation is the same with certain other
types of condensers which comprise only two parallel
groups of heat-exchanging pipes and vertical walls which
extend between the vertical edges of the groups to form
therewith a compartment into which the atmospheric air
is drawn by a fan so that the air flows across the pipes and
effects condensation of the head fraction. It was found
that, when such conventional condensers are to be oper-
ated in strong wind, cold rain or smow, one or more
groups of pipes will be cooled much more intensively than
the remaining group or groups of pipes and that this can
result in excessive undercooling and eventual freezing of
condensate. The remaining groups of pipes then deliver a
greatly reduced quantity of condensate or the temperature
of condensate in the pipes which are protected from
adverse atmospheric conditions exceeds a desirable tem-
perature. Therefore, the above described conventional
condensers cannot be used for treatment of certain head
fractions, particularly those whose temperature must be
maintained within a rather narrow range.

SUMMARY OF THE INVENTION

An object of the invention is to provide a novel and
improved air-cooled condenser which, even though
mounted on top of the shell in a distilling or rectifying
column, is capable of yielding condensate whose tempera-
ture can be maintained within a desired range.

Another object of the invention is to provide a con-
denser whose operation is not unduly influenced by rain,
snow, sleet, wind, sun or other atmospheric conditions.

A further object of the invention is to provide a con-
denser which can be readily installed in presently known
distilling or rectifying columns.

An additional object of the invention is to provide a
condenser which is more efficient than presently known
condensers for use on the shells of distilling or rectifying
columns.

The invention is embodied in a distilling or rectifying
column which comprises an upright shell wherein the hot
head fraction rises toward and into the upper end portion
of the shell, a condenser mounted on the upper end por-
tion of the shell and comprising a plurality of preferably
independent condensing units each having at least ome
group of elongated heat-exchanging pipes communicating
with the upper end portion (for example, by way of one
or more vertical risers which communicate with the
upper end portion of the shell and can also serve to
carry at least a portion of the weight of the condenser)
to receive the head product. The pipes are preferably
provided with uneven (finned, ribbed or similarly con-
figurated) external surfaces to promote the exchange
of heat with surrounding air and the groups of pipes
preferably extend substantially tangentially of the shell
and define a compartment at a level above the upper end
portion of the shell. The condenser further comprises a
housing having a bottom wall below and a cover or dome
above the compartment, enclosures each of which is out-
wardly adjacent to one of the groups of pipes and has in
its lower end a preferably slot-shaped inlet for the ad-
mission of atmospheric air, and air circulating means in-
cluding one or more fans mounted in the cover of the
housing to draw air through the inlets whereby such air
flows across the pipes to effect condensation of the head
fraction and is evacuated by way of the cover. The col-
umn further comprises collecting means for receiving the
condensate from the heat-exchanging pipes.

The aforementioned enclosures may form a circum-
ferentially complete enclosure around the groups of pipes,
and the inlets may form a single annular inlet in the
lower end of such enclosure. The cross-sectional area of
the space within each enclosure preferably decreases in a
direction upwardly from the inlet to insure that each pipe
is traversed by currents of air at the same pressure.
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The novel features which are considered as character-
istic of the invention are set forth in particular in the
appended claims. The improved condenser itself, how-
ever, both as to its construction and its mode of opera-
tion, together with additional features and advantages
thereof, will be best understood upon perusal of the
following detailed description of certain specific embodi-
ments with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a plan view of a distilling or rectifying col-
umn having a condenser which embodies one form of the
invention, a portion of the condenser being broken away;

FIG. 2 is a partly side elevational and partly vertical
sectional view as seen in the direction of arrows from the
line II—I1 of FIG. 1;

FIG. 3 is a plan view of a second column having a
modified condenser a portion of which is broken away;

FIG. 4 is a parily side elevational and partly vertical
sectional view as seen in the direction of arrows from the
line IV—IV of FIG. 3;

FIG. 5 is a plan view of a third column having still
another condenser a portion of which is broken away;

FIG. 6 is a partly side elevational and partly vertical
sectional view as seen in the direction of arrows from
the line VI—VI of FIG. 5;

FIG. 7 is a plan view of a fourth column having a
different condenser a portion of which is broken away;
and

FIG. 8 is a partly elevational and partly vertical sec-
tional view as seen in the direction of arrows from the
line VIII—-VIII of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The distilling or rectifying column of FIGS. 1 and 2
comprises an upright shell 2 whose upper end portion
includes a cap 3. The hot head fraction rises in the column
toward and into the interior of the cap 3 which carries
a centrally located upwardly extending vertical tubular
riser 4 for the head fraction. The parts of the improved
air-cooled condenser 1 are mounted on the riser 4 and
on the cap 3. The upper end portion of the riser 4 carries
and communicates with radially outwardly extending
supply conduits 5 each of which delivers the head frac-
tion to the heat-exchanging pipes in one of six discrete
condensing sections or units 6. The heat-exchanging pipes
of each condensing unit 6 extend vertically downwardly
and receive the head fraction by way of distributing
chambers 7 which communicate with the outer ends of
the respective supply conduits 5. The pipes in the con-
densing units 6 are round and are grouped or bunched
together to form flat packages which extend substantially
tangentially of the shell 2 and enclose a centrally located
hexagonal compartment 8. This compartment is sur-
rounded by a housing having a bottom wall 9 below the
compartment and a cover or dome 13. The bottom wall
9 is of annular shape and has a central opening which
sealingly receives the riser 4.

The reference numbers 10a, 10b respectively indicate
the outer and inner sides of the groups of heat-exchang-
ing pipes in the condensing units 6. The upper ends of
the groups of pipes are indicated at 16 and their lower
ends at 12. The marginal portions of the bottom wall 9
are welded or otherwise sealingly secured to the lower
ends 12 of the pipes in the units 6 so that the compart-
ment 8 is completely sealed from below. The marginal
portions of the cover 13 are welded to the distributing
chambers 7 for the head fraction. The pipes in the
groups of the condensing units 6 have uneven external
surfaces to promote the exchange of heat between the
atmospheric air and the head fraction. This is achieved
by providing the pipes with fins, ribs or like projections.
The lower ends of the pipes are in communication with
collecting chambers 11 which discharge the condensate
into a conduit 20. The latter returns some condensate as a
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reflux into the shell 2 -and the remainder into a collecting
vessel, not shown. The condensate is caused to enter the
shell 2 and the collecting vessel by gravity flow; this
saves the expenses for pumps and reduces the energy
requirements of the condenser.

The central portion of the cover 13 supports a shield-
ing ring 14 which surrounds a fan 15 or another suitable
air circulating device. If desired, the cover 13 can carry
two or more fans. The fan 15 draws air from the com-
partment 8 (see the arrows y) and the compartment 8
receives atmospheric air which flows across the pipes in
the groups of the condensing units 6 (arrows x), Such
air causes the condensation of head fraction which enters
the pipes by way of the respective distributing chambers 7.

In accordance with a feature of the invention, the con-
denser 1 further comprises an enclosure 17¢ which shields
the outer sides 10a of pipes in the groups of the condens-
ing units 6 from rain, snow, sun, wind and other atmos-
pheric influences. The enclosure 174 comprises a circum-
ferentially complete outer panel 194 which slopes down-
wardly and outwardly from a ring-shaped horizontal top
panel 184 and is sealingly connected thereto. The top
panel 18a is welded to the upper ends 16 of the groups
of pipes in the condensing units 6. The lower end portion
of the enclosure 17a is provided with an annular inlet
23a which admits atmospheric air in the directions indi-
cated by the arrows x. The enclosure 17a can be said
to comprise six interconnected discrete enclosures, one
for each condensing unit 6 and each having a slot-shaped
inlet for admission of atmospheric air against the outer
sides 10a of the respective groups of pipes.

The lower end portion of the outer panel 19a extends
at least to the level of the lower ends 12 of pipes in the
condensing units 6. Mixing of cool atmospheric air which
enters the enclosure 17a by way of the inlet 234 (arrows
x) with heated air which is drawn from the compartment
8 by the fan 15 (arrows y) is highly unlikely because the
heated air tends to rise. Such absence of mixing of hot
and cool air enhances the efficiency of the condenser 1.
The cool air flows across the pipes in the groups of the
condensing units 6 and is thereby heated while simul-
taneously causing uniform condensation of the head frac-
tion in all sections of the condenser 1. This is attributed
to the fact that cool air which is drawn upwardly through
the inlet 234 is not influenced by winds, sun, rain, snow
or the like.

As stated before, the outer panel 19z of the enclosure
17a slopes outwardly and downwardly from the marginal
portion of the top panel 18a. Consequently, the width of
the annular space 117q in the enclosure 172 decreases in
a direction from the annular inlet 23a toward the under-
side of the top panel 18a. This is desirable because such
inclination of the ‘panel 194 with reference to the outer
sides 10z of pipes in the condensing units 6 insures that
the air pressure in each region of each outer side 10q is
constant all the way from the lower end 12 to the upper
end 16 of the respective group. Such uniform pressure of
atmospheric air at the outer sides of the heat-exchanging
pipes promotes uniform condensation of the head frac-
tion in each section of the condenser. .

Hot air which is forced by the fan 15 to flow upwardly
through the central opening of the cover 13 normally
prevents penetration of rain, snow or other precipitation
into the compartment 8. It is clear that the condenser 1
of FIGS. 1-2 may comprise more than six condensing
units 6 or that the number of such units can be five or
less. The circumferentially complete enclosure 174 is par-
ticularly suited for use in-large condensers which com-
prise a substantial number of polygonally arranged con-
densing units.

The condenser 1 of FIGS. 1 and 2 is condensatorically
connected with the shell 2, i.e., in such a way that the
head fraction ascends from the cap 3 into the riser 4, there-
upon flows in the horizontal supply condiuts 5 to enter
the “distributing chambers 7, and flows downwardly in
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the pipes of the condensing units 6. Thus, the flow of the
head fraction is concurrent with the flow of the conden-
sate. The reflux from the conduit 20 is returned into the
uppermost exchangeable trays (mot shown) in the
shell 2.

The basic design of the condenser 101 shown in FIGS.
3 and 4 is quite similar to that of the condenser 1. The
main difference is that the condenser 101 comprises only
four condensing units 106 wherein the heat-exchanging
pipes are inclined downwardly and inwardly toward the
cap 103 of the shell 102, and that the condenser 101 com-
prises a modified enclosure for the condensing units 106.
The enclosure comprises four discrete enclosures or
envelopes 17b, one for each condensing unit 106, and
the housing intermediate walls which seal the compart-
ment 108 in the regions between the lateral edge portions
of the condensing units. Each enclosure 176 has a sub-
stantially horizontal rectangular top panel 186 which is
sealingly secured to the upper ends 116 of the group of
pipes in the respective unit 106, a vertical rectangular
outer panel 195 which extends downwardly from the
outermost portion of the respective top panel 185, and
two lateral panels 24 which connect the vertical edges of
the outer panel 195 with the corresponding edge portions
of the associated condensing unit 106. Since the heat-
exchanging pipes are inclined downwardly and inwardly
whereas the outer panels 19b of the enclosures 175 are
vertical, the width of the space 117b between the outer
side 110a of each group of pipes and the corresponding
outer panel 195 decreases from the slot-shaped inlet 235
toward the upper end 116 of the associated group. This
is advantageous for reasons which were explained in con-
nection with FIGS. 1 and 2. Thus, a tapering space at
the outer side of each group of pipes can be obtained by
employing a vertical outer panel in association with in-
clined pipes or vice versa.

The aforementioned intermediate walls of the housing
are shown at 22. These walls extend upwardly from the
bottom wall 169 of the housing for the compartment 108
and diverge at the rate determined by the inclination of
condensing units 106. The upper end portions of the
intermediate walls 22 are welded to the cover 113 which
carries a ring 114 extending around a fan 115. The com-
partment 108 can receive air only by way of inlets 23b
(arrow x) and gaps between the pipes in the four con-
densing units 106 whereby the air is heated and enters
the compartment 108 to be evacuated by the fan 115
through the cover 113 (arrows y). The inlets 235 are
elongated slots of rectangular outline and are provided
at the general level of the lower ends 112 of pipes in the
groups of the condensing units 106,

The remaining parts of the structure shown in FIGS.
3-4 are analogous to the parts shown in FIGS. 1-2 and
are denoted by similar reference characters plus 100,

Discrete inclosures for the condensing units of a
column-head condenser are particularly suited for use in
condensers wherein the number of condensing units is
relatively small. This saves the expenditure for a circum-
ferentially complete enclosure.

As g rule, condensers wherein the condensing units
comprise inclined heat-exchanging pipes are more effective
than the condensers with vertically extending pipes. How-
ever, the vertically extending heat-exchanging pipes can
be accommodated in a small area; therefore, they nor-
mally find use in large condensers with a substantial num-
ber of condensing units.

The condenser 201 of FIGS 5 and 6 is dephlegmator-
ically connected with the shell 202, Thus, the collecting
chambers 211 at the lower ends 212 of the groups of
heat-exchanging pipes in the condensing units 206 re-
ceive vapors from the cap 203 of the shell 202. Such
vapors rise in the pipes all the way to the distributing
chambers 207 and/or undergo condensation while they
rise in such pipes. Consequently, the descending conden-
sate flows countercurrent to the rising head fraction. The
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condensate is withdrawn by way of conduits 21 which
also serve to deliver the head fraction to the condensing
units 206. The distributing chambers 207 can be con-
nected to each other by a ring-shaped pipe which, when
the column is a vacuum column, are connected to a suc-
tion generating device (not shown).

The construction of the enclosure 2174 is the same as
that of the enclosure 17a shown in FIGS. 1 and 2. The
same applies for the housing which encloses the compart-
ment 208. With the exception of the conduit 21, all parts
of the structure shown in FIGS. 5 and 6 are denoted by
reference numerals similar to those employed in FIGS.
1-2 plus 200.

FIGS. 7 and 8 illustrate a condenser 301 which is
dephlegmatically connected with the shell 302 and is
analogous to the condenser 101 of FIGS. 3—4 excepting
that it comprises only two condensing units 306 which
are disposed diametrically opposite each other with refer-
ence to the axis of the shell. The heat-exchanging pipes
in the condensing units 306 are inclined downwardly and
inwardly toward the cap 303 of the shell 203. The com-
partment 308 below the cover 313 is enclosed in part by
intermediate walls 322, All other parts of the condenser
301 are denoted by reference numerals similar to those
used in FIGS. 3-4 plus 200.

The enclosures are preferably made of thin sheet metal;
however, we also contemplate using enclosures consist-
ing at least in part of synthetic plastic material, asbestos
or any other suitable substance. Moreover, and as men-
tioned above, each condenser can employ two or more
discrete fans all of which can be mounted in the cover
of the housing.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for vari-
ous applications without omitting features which fairly
constitute essential characteristics of the generic and
specific aspects of our contribution to the art and, there-
fore, such adaptations should and are intended to be com-
prehended within the meaning and range of equivalence
of the claims.

‘What is claimed as new and desired to be protected by
Letters Patent is set forth in the appended claims:

1. In a distilling or rectifying column, a combination
comprising an upright tubular shell wherein the hot head
fraction rises, said shell having a vertical axis and an
upper end portion, a condenser mounted on said upper
end portion and comprising a plurality of condensing units
each having a group of elongated heat exchanging pipes
communicating with said upper end portion to receive the
head fraction, said pipes having extended external sur-
faces and said groups being substantially normal to radial
planes including the axis of said shell and defining an
inner compartment above said shell, 2 housing including
a bottom wall below and a cover above said compart-
ment, a substantially imperforate enclosure outwardly
spaced from said groups and protecting said groups from
the influence of adverse atmospheric conditions and hav-
ing a lower part provided with air inlet means, and air
circulating means mounted in said cover and arranged
to draw atmospheric air through said air inlet means into
said enclosure whereby such air flows transversely across
said pipes into said compartment to effect condensation
of the head fraction in the pipes, said air being evacuated
from said compartment by said circulating means in said
cover, said cover being sufficiently close to said groups
of pipes to confine at least the major part of the air to
flow from said inner compartment into the range of said
circulating means; and collecting means for receiving the
condensate from said pipes.

2. A combination as defined in claim 1, wherein said
groups of pipes are located in substantially vertical planes.

3. A combination as defined in claim 1, wherein said
groups of pipes are located in inclined planes.
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4. A combination as defined in claim 1, wherein said
housing further comprises intermediate walls extending
between said bottom wall and said cover intermediate said
groups.

5. A combination as defined in claim 1, wherein said
air inlet means comprises discrete slots extending length-
wise of the respective groups.

6. A combination as defined in claim 1, wherein said
enclosure defines at least one space which tapers upwardly
from said air inlet means to effect uniform distribution
and pressure of air along the outer sides of said groups.

7. A combination as defined in claim 1, wherein said
enclosure defines a plurality of discrete spaces each out-
wardly spaced from one of said groups and each tapering
upwardly from the air inlet means to effect uniform dis-
tribution and pressure of air at the outer sides of the
respective groups.

8. A combination as defined in claim 1, wherein said
groups of pipes are disposed in substantially vertical planes
and said enclosure includes outer panel means outwardly
spaced from said groups and being inclined with refer-
ence to the outer sides of such groups so as to form there-
with at least one space whose cross-sectional area de-
creases upwardly from said air inlet means.

9. A combination as defined in claim 1, wherein said
groups of pipes are disposed in planes which diverge up-
wardly with reference to said shell and said enclosure
comprises outer panel means defining with said groups of
pipes at least one space whose cross-sectional area de-
creases upwardly from said air inlet means.

10. A combination as defined in claim 1, wherein the
number of said condensing units exceeds two and each of
said groups comprises at least one bundle of intercon-
nected pipes.

11. A combination as defined in claim 1, further com-
prising vertical riser means communicating with and ex-
tending upwardly from said upper end portion into said
compartment, said riser means being supportingly con-
nected with said units and communicating with said pipes
to admit the head fraction thereto.
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12. A combination as defined in claim 1, wherein said
enclosure -forms a circumferentially complete annulus
around said groups and said air inlet means is a circum-
ferentially complete slot provided in the lower end of said
enclosure.

13. A combination as defined in claim 12, wherein said
enclosure comprises a top panel sealingly secured to the
uppermost portions of said groups and a circumferential
outer panel extending downwardly from said top panel at
least to the level of the lowermost portions of said groups.

14. A combination as defined in claim 1, wherein said
enclosure comprises a plurality of discrete sections each
outwardly spaced from one of said groups and said air
inlet means comprises discrete inlets in said sections.

15. A combination as defined in claim 14, wherein
each section of said enclosure comprises a substantially
horizontal top panel sealingly secured to the uppermost
portion of the respective group, an outer panel extending
downwardly from the top panel at least to the level of
the lowermost portion of the respective group, and lateral
panels extending between said outer panel and the lateral
edge portions of the respective group.
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