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71) We, Hupson Probpucts CoORr-
PORATION, a corporation organized and
existing under the laws of the State of
Texas, United States of America, of 6855
Harwin, Houston, Texas, United States of
America, do hereby declare the invention
for which we pray that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following state-
ment: —

This invention relates to apparatus for
use in condensing steam or other vapors
which contain non-condensibles such as air
at a pressure near or below atmospheric.
More particularly, this invention relates to
improvements in. such apparatus wherein
the vapor, which may be steam from a
turbine exhaust, is circulated through a
condenser having bundles of rows of tubes
over which cooling air is passed, the con-
densed vapors being collected in and
drained from a header at one end of the
bundle, and the air and other non-
condensibles in the header being vented
to the atmosphere.

As cooling air is passed over the rows
of tubes of the bundles, it is heated so
that the difference between its temperature
and that of the vapor within the tubes of
each row, and thus its cooling capacity,
decreases in the direction of air flow. Con-
sequently, although the vapor is intro-
duced into the tube rows through a com-
mon inlet header, it enters the outlet header
at different pressure levels. Thus, the lowest
level is that which enters from the first
row to be contacted by the air flow, and
the highest level is that which enters from
the last row to be so contacted. As a result,
when the outlet header comprises a housing
common to all rows, uncondensed vapors
are drawn into the first row from one or
more of the succeeding rows, and, to a
lesser extent, into each successive row from
one or more of those succeeding it.

When such backflow occurs, pockets of
air and other non-condensibles are formed
in the tubes and the outlet header. This
presents a serious problem when the tem-

perature of the coling air is below freezing,
because these pockets are void of hot
vapors and thus leave bare metal walls
which will quickly cool down to ambient
temperature, so that the condensate flowing 55
through the tubes may freeze up and thus
cause the tubes to burst.

In addition to backflowing into the tubes
of certain rows, and principally into the
tubes of the first row to be contacted by air 60
since the pressure drop across them is
greatest, uncondensed vapors may also
backflow from one or more tubes into
other tubes in a single row. Thus, for ex-
ample, if the apparatus comprises tube 65
bundles having tubes arranged horizontally
and disposed as a “V”’, cooling air passes
over a tube on one side of each bundle at
a considerably greater speed over which it
passes a tube in the same row on the other 70
side thereof. Since vapor in the first such
tube experiences a greater pressure drop
than that in the other tube, uncondensed
vapors from the outlet header- may be
drawn into and create pockets of non- 75
condensibles within such first tube.

U.S. Patent No. 3,074,479 shows a con-
denser in which an effort has been made
to lessen the freezing problem by forming
the outlet header of separate sections each 80
conunecting with one of the tube rows,
and providing means for draining con-
densate from each section while isolating
the pressure therein from that within the
others. However, in prior condensers, in- 8
cluding those having such outlet headers,
uncondensed vapors including air and other
non-condensibles have been collected into
a single line or manifold prior to venting
to suitable air removal equipment, which 90
may include two or more stages of ejector
nozzles and/or vacuum pumps which raise
the pressure of the uncondensed vapor to a
level at which it may be discharged to the
atmosphere. As a result of this connection 95
of the uncondensed vapors in the various
tube rows with one another, some of the
uncondensed steam is caused to backflow
into the tubes of the first rows to be con-
tacted by air. 100
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U.S. Patent No. 3,223,152 shows a tube
bundle having the tubes in the different
rows of a special design intended to effect
equal steam condensation in all rows of
tubes. However, this design is practical
only under given tempecrature conditions.
It has also been the practice to provide the
condenser with a main portion of such
design that the tubes of all its rows receive
only the amount of steam which those of
the first row are capable of condensing,
and to draw off excess steam from succeed-
ing rows to a so-called vent portion con-
nected in series with the main condenser.
Since the vent portion is of basically the
same construction as the main portion,
although on a smaller scale, this at most
isolates the above-discussed freezing pro-
blems to only a portion of the tube bundle
area. Furthermore, separate main and vent
portions add to overall expense of the con-
denser since they require additional headers
and piping between them, and involve
complex controls when therc are separate
sources of air flow for each portion which
must be maintained in proper balance.

Although U.S. Patent No. 3,887,002
shows a condenser in which the main and
vent portions are combined to some extent
within the same bundle, whereby each is
served by the same source of air
and the samc outlet header, the tubes of
the bundle are “U” shaped and thus in two
pass rclation with respect to the air flow.
Among other things, the “U” tubes are
arranged horizontally within  bundles
arranged as an inverted “V”, so that, as
previously discussed, there is an air velocity
gradient across cach bundle which differs
betwcen the tubes on the top and bottom
of the bundle, thereby causing backflow
problems. Still further, the tubes of the
bundles of the vent portion are so posi-
tioned that they are contacted by air which
has not been heated by passing over other
tubes through which hot vapors are cir-
culated, thus creating potential freeze pro-
blems in an arca of the condenser most
susceptible to them due to the low content
of hot vapor therein.

In accordance with this invention there-
fore we provide apparatus for condensing
stcam or other vapor which contain non-
condensibles such as air at a pressure near
or below atmospheric comprising a con-
denser having a main portion including a
plurality of parallel rows of tubes over
which air can pass successively, an inlet
header for introducing steam into one end
of the tubes of the main condenser por-
tion, a vent portion having a plurality of
tubes arranged in parallel planes over which
air can pass successively, one end of the
tubes of the vent condenser portion being
coupled to the opposite ends of the tubes

flow’

of the main condenser portion so as to
receive uncondensed steam and non-
condensibles therefrom, an outlet header
including a plurality of sections each con-
necting with a tube or tubes of the vent
condenser portion, which lie in one plane,
means for draining condensate from the
outlet header while isolating the pressure
within each section thereof from that with-
in the others, separate pipes each coupled
at onc end with one or more tubes in one
plane of said vent condenser portion, and
means connecting with the opposite end
of each such pipe for suctioning uncon-
densed steam and non-condensibles there-
from and discharging them to the atmo-
sphere at a pressure which prevents back-
flow into the pipes.

In the preferred embodiment of the
invention, the main and vent tube bundle
portions of the apparatus are integrated,
with the interconnected ends of the tubes
of each row of both portions connecting
with a single outlet header section, where-
by the means for draining condensate from
the outlet header while isolating the pres-
sure within each section thereof from that
within the other serves both portions of
the condenser. Each pipe through which
uncondensed steam and non-condensibles is
removed connects with the ends of the
tubes of one row of the vent portion
opposite to those ends connecting with
the outlet header sections.

The tubes of the vent condenser portion
and the main condenser portion are
arranged in common rows to provide the
most compact arrangement possible. Pre-
ferably, the vent tubes connecting with the
outlet header section for the first row of
tubes of the main portion to be contacted
by air extend within one of the other
rows of tubes of the main portion, so that
these vent tubes avoid contact by the
coolest air. More particularly, in a four-
row condenser, which is common in this
art, the vent tubes connecting with the
outlet header sections connecting with the
first and second rows, as well as the third
row, of tubes of the main portion extend
within the third row of tubes to be con-
tacted by air. In this manner, the vent
tubes are contacted by air which is neither
too cool nor too warm. The opposite ends
of the vent tubes extend to a point near
the inlet header of the condenser, and
may either extend through the tube wall
of the inlet header or to a point short
thereof, and their opposite ends are con-
nected to pipes extending from the con-
denser for connecction with the air re-
moval equipment.

The condenser may comprise integrated
main and vent portions having two-pass
tube bundles of the type previously de-
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scribed. In other less preferred embodi-
ments of the invention, the condenser may
comprise more conventional, separate main
and vent portions, each having a separate
outlet header. In any event, the vapors
which are not condensed and the non-
condensibles are re-received in an outlet
header having separate sections each for
connection with one vent tube, and a
separate pipe leading to the air removal
equipment connects either with the end
of one vent tube opposite the end thereof
connectd to the outlet header, as in the
preferred embodiment of the invention, or
with one sectcion of the outlet header for
the vent portion, as in the less preferred
embodiments.

The tube bundile of each condenser is
so arranged that there is substantially the
same air velocity gradient profile across
the tubes of each row, so that there is no
backflow from one or more tubes in each
row into another tube therein. In the illu-
strated embodiment of the invention, this
is accomplished by a pair of condensers
arranged in a “V”, with the source of air
flow being opposite the apex of the “V”,
and with the tubes of the bundles of each
condenser extending in a direction toward
the apex.

The pipes leading from each condenser
each connect with air removal equipment
for discharging the uncondensed vapor and
non-condensibles in that pipe to the atmo-
sphere at a pressure which prevents back-
flow into the pipes.

In the drawings, wherein like reference
characters are used throughout to designate
like parts:

FIG. 1 is an end elevational view of the
main and vent portions of apparatus con-
structed in accordance with the preferred
embodiment of the present invention;

FIG. 2 is a front elevational view of one
of the tube bundles of the apparatus shown
in FIG. 1;

FIG. 3 is a cross-sectional view of the
outlet header of one bundle of the con-
denser, as seen along broken lines 3--3 of
FIG. 1;

FIG. 4 is a view of the inlet header of
the bundle, as seen along broken lines 4--4
of FIG. 1;

FIG. 5 is a vertical sectional view of the
bundle, as seen along broken lines 5--5 of
FIG. 3;

FIG. 6 is a vertical sectional view similar
to FIG. 5, as seen along broken lines 6--6
of FIG. 3;

FIG. 7 is still another vertical sectional
view of the bundle, as seen along broken
lines 7--7 of FIG. 3;

FIG. 8 is a still further vertical sectional
view of the bundle, as seen along broken
lines 8--8 of FIG. 3;

FIG. 9 is a diagrammatic front eleva-
tional view of an alternative form of con-
denser having separate main and vent por-
tions connected in series and pipes extend-
ing from separate sections of an outlet
header for the vent portion;

FIG. 10 is a partial view of the vent
condenser portion of the condenser of
FIG. 9, but with a modified arrangement
of pipes extending from separate sections
of an outlet header;

FIG. 11 is a partial view of the vent
condenser portion of the condenser of
FIG. 9, with another modified arrange-
ment of pipes;

FIG. 12 is a diagrammatic illustration of
yet another form of condenser having
main and vent portions made up of bundles
having their tubes conencted in multipass
fashion, and pipes extending from separate
sections of an outlet header for the vent
portion;

FIG. 13 is a diagrammatic illustration
of one form of air removal equipment for
connecting the opposite ends of the pipes
extending from the condenser of FIG. 1
or FIG. 10 or similar condensers of the
type above described;

FIG. 14 is an alternative form of air
removal equipment for connecting with the
opposite ends of the pipes extending from
the outlet header sections of FIG. 9; and

FIG. 15 is still another form of air re-
moval equipment for connecting with the
pipes extending from the outlet header sec-
tions of the condensers of FIGS. 11 and 12.

With reference now to the details of the
above-described drawings the apparatus
shown in FIG. 1, and designated in its en-
tirety by reference character 20, com-
prises a housing 21 having an opening 22
therethrough, and a fan 23 disposed within
the opening so as to air flow upwardly there-
through, as illustrated by the arrows of FIG.
1. A pair of bundles 24 each as described
and claimed in our co-pending application
No. 4369/79 (Serial No. 1589420) having
tubes through which steam or other vapour
is circulated are arranged in an inverted
“V* with its apex above the axis of rota-
tion of fan 23 so that the air flow is split
for passage over the tubes of each bundle.
More particularly, both bundles 24 are
connected at their upper ends to a common
steam duct 25 which provides an inlet
header for steam from a turbine exhaust
or other sub-atmospheric source of vapor.
As will be appreciated, a plurality of fans
and bundles may be mounted along the
length of the duct and thus in parallel rela-
tion to one another.

As shown in Figs. 1 and 2, steam duct
25 has an opening along its lower side
which is closed by curved plates 26 welded
to the duct and one another. As will be
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described to follow, each plate also serves
as the tube wall of the upper end of each
bundle 24 and thus support them in the
position shown.

Each bundle has two, three or more
rows of tubes making up the main con-
denser portion and extending downwardly
from the inlet header 25 for connection
to an outlet header 27 on each opposite
sides of fan 23. More particularly, and as
can be seen from FIGS. 1 to 4, there are
four parallel rows of tubes 28A, 28B, 28C
and 28D arranged in direction of air flow,
whereby the tubes of row 28A are the first
to be contacted by air, the tubes of row
28B are the second to be contacted by
air, etc.

As previously described, the air is heated
as it passes over the rows of tubes so that
the temperature differential between such
air and the stcam within the tubes of each
row becomes successively less, resulting in
less steam condensation and thus unequal
pressure drops within the tubes of the
successive rows from the inlet header to
the outlet headers of each bundle. On the
other hand, and as also previously de-
scribed, although the velocity of the air
flow passing over the tubes may vary from
one end to the other, this velocity gradient,
and thus the poential for condensing the
steam, varies uniformly along the lengths
of each tube of each row. As will further
be appreciated, this same result could be
obtained, by causing the air to flow in an
opposite dircction, by disposing the bundles
in an upright “V’’ arrangement, disposing
the tube bundles substantially horizontally
and thus perpendicularly with respect to
vertical air flow, or by a combination of
such arrangements.

As also previously described, each outlet
header 27 is made up of separate sections
the number of which depend on the num-
ber of rows of tubes in the main con-
denser portion but in this embodiment
comprise four sections 27A, 27B, 27C and
27D, with section 27A being connected to
the lower ends of the tubes of the first row
28A, section 27B being connected to the
second row of tubes 27B, etc. As will be
understood from FIGs. 2 to 4, each row
may comprise a large number of laterally
spaced tubes, and the tubes of adjacent
rows are arranged in triangular patterns.
Also, a channel 24A extends along the side
of each bundle for connection at its oppo-
site ends to the inlet and outlet headers.

Steam which condenses in the tube rows
of the main condenser drains into a pot
29 having an upper extension 30 which
connects with the lower end of outlet
header 27. A drain pipe 31 in the lower
end of the pot 29 extends upwardly therein
to establish a liquid level 32 of condensate.

Pipes 33 extend downwardly from the lower
ends of the outlet header sections to a level
beneath liquid level 32 so as to form water
leg seals and thus isolate the pressure with-

in the others. More particularly the tubes 70

33A to 33D are surrounded by the drain
pot so as to insulate them from the cool
atmosphere.

The vent condenser portion of each
bundle 24 includes tubes, the number of
which depend on the number of rows in
the main condenser portion but in this pre-
ferred embodiment comprise tubes 34A-
34D. These vent tubes 34A-34D connect
at their lower end with outlet header sec-
tions 27A-27D, respectively, and extend
upwardly within some of the rows 28A-
28D of main condenser portion to a point
near the inlet header 25. The upper ends of
these vent tubes 34A-34D connect with pipes
35A-35D which lead to air removal equip-
ment as claimed in our copending appli-
cation No. 4368/79 (Serial No. 1589419)
and which is to be described in connection
with FIGS. 13 to 15. Consequently, and as
previously described, further condensation
of steam remaining in the outlet header is
promoted by the same source of air flow
which condenses steam in the tubes of the
main condenser portion. Still further, con-
densate within the vent tubes is free to drain
downwardly therein into the outlet header
section to which they are connected, and
thus into pot 29 into which condensate in
the main condenser tubes is drained.

As also previously described, and as well
known in the art, the most critical arca of
condensers of this type is the first row of
tubes to be contacted by the air. Further-
more, we have found that under freezing
temperature conditions, the most ideal con-
densing temperature occurs in the area of
the third row of tubes, the air tempera-
ture in the areas of the first and second
rows normally being too cold, and the air
temperature in the area of the fourth row
normally being too warm. Consequently,
the vent tubes 34A, 34B and 34C connect-
ing respectively with the outlet header sec-
tions 27A, 27B and 27C extend within the
third row 28C of main condenser tubes.
That is, as will be apparent from the draw-
ings, the one or more tubes required for
venting each outlet header section merely
take the place which would other wise be
taken by tubes in the third row 28C of

75

80

85

90

95

100

105

110

115

120

main condenser portion. As shown dia- -

grammatically in FIG. 3, a bypass 34AA
within the outlet header 27 connects sec-
tion 27A thereof with vent tube 34A, and
bypass 34BE therein connects outlet header
section 27B with vent tube 34B. Vent tube
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It should be understood, however, that
this invention contemplates that, depending
upon operating conditions, the vent tubes
may be otherwise arranged within succes-
sive rows of main condenser tubes. For
example, when ambient air temperature
does not fall much below 32°F, it may be
possible to eliminate the bypasses and ex-
tend vent tube 34A within row 28A, vent
tube 34B within row 28B, etc. On the
other hand, when amibent air temperature
falls between 32°F and minus 50°F, it may
be posible to merely extend vent tube 34A
in row 28B, with vent tubes 34B, 34C
and 34D extending respectively within the
rows 28B, 28C and 28D.

The upper ends of the vent tubes extend
through the tube plate 26, and pipes 35A-
35D are bent to approximate “U” shapes
and for extension back through the tube
plate 26 to connect with suitable lengths
of piping which leads, in a manner to be
described, to the air removal equipment.
As described, this preferred construction
enables each bundle to be mounted on the
curved plate 26 of the duct 25. In accord-
ance with alternative embodiments, how-
ever, the upper ends of the vent tubes may
be otherwise arranged, and may in fact
terminate somewhat short of the upper end
of each bundle and thus connect with the
pipes 35A-35D externally of the inlet
header.

As will be appreciated, the interior of
drain pot 29 should be vented, and, for
this purpose, a tube (not shown) extends
upwardly from within the pot above water
level 32 and through outlet header section
27D for extension into the lower end of
vent tube 34D connecting therewith. Pre-
ferably, the drain pot is constructed in
accordance with U.S. Patent No. 3,968,836,
and thus also has means for admitting
steam from the outlet header into the
annular space about the tubes 33A-33D
within the drain pot housing. For this
purpose, another pipe (not shown) may ex-
tend from one of the outlet header sections
downwardly into the drain pot above the
liquid level.

The condenser illustrated diagrammatic-
ally in FIGS. 9 to 11 differs from that
shown and described in connection with
FIGS. 1 to 8 in that the tube bundles of
the main and vent portions thereof are not
integrated, but instead are separate from
one another. In this sense, the main pur-
pose in showing this alternative condenser
construction is to illustrate different con-
structions with which the air removal
equipment of FIGS. 13 to 15 may be used.

The tube bundles making up the main
and vent condenser portions 52 and 53,
respectively, of the condenser of FIG. 9
are similar to one another, although, as

well known in the art, the vent condenser
portion is normally of smaller size and
capacity. Thus, the main condenser portion
includes rows 54A-54D of tubes connected
at their inlet ends to a common inlet
header 55 having a port 56 through which
steam is introduced. In like manner, vent
condenser portion 53 is made up of rows
57A-57D of tubes having their outlet header
58, although it may be posisble to combine
certain of the second, third and fourth
rows of tubes to be contacted by air with
one another such that the vent condenser
may have a lesser number of tube rows
than the main condenser. With air flow
from separate sources passing upwardly
over the condenser portions, as shown dia-
grammaticaly in FIG. 9, the lowermost
tube row in each is the first to be contacted
by air, the next lowermost is the second
to be contacted by air, etc.

Outlet header 59 of the main condenser
portion 52 is common to all four rows 54A-
54D of tubes, and inlet header 60 of the
vent condenser portion is common to all
rows 57A-57D of tubes thereof. Since the
header 59 and 60 are common to all rows
of their respective tubes, they may be
connected to one another by a common
pipe 61. This condenser construction is less
preferred not only because of the expense
of separate main and vent condenser por-
tions, but also because it requires excess
steam flow through the tubes of all rows
of the main condenser portion.

The outlet header sections 58A-58D are
connected to suitable means for draining
condensate therefrom while isolating the
pressure within each from the other. Pre-
ferably, the construction of this means may
be similar to that described and illustrated
in connection with the preferred embodi-
ment of the invention of FIGS. 1 to 8.
The outlet header sections 58A-58D are
also connected respectively to pipes 62A-
62D leading to air removal equipment to
be subsequently described in connection
with FIGS. 13 to 15. As shown, pipe 62C
does not extend for direct connection with
the air removal equipment, but instead
connects with pipe 62B close to the header
58 in the interest of minimizing piping.

FIG. 10 shows one end of a vent con-
denser portion 41 which may be identical
to the vent condenser portion 53, and thus
include an outlet header 48 having separate
sections 48A-48D connecting respectively
with the first, second, third and fourth
rows of tubes of the vent condenser por-
tion to be contacted by air. As shown in
FIG. 10, however, pipes 50A-50D extending
from outlet header sections 48A-48D may
extend for direct connfction to the air
removal equipment. '

FIG. 11 shows one end of a vent con-
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denser portion 41 identical to that of FIG.
10, but having a further modified arrange-
ment of pipes extending from the outlet
header sections 48A-48D for connection
with the air removal cquipment. Thus,
although pipes 51A and 51B are similar
to pipes S0A and 50B in that they extend
directly to such equipment, pipes 51C and
51D arc instcad connected to pipe S51B.
More particularly, pipes 51C and 51D ex-
tend for substantial distances from the out-
let header sections prior to connection with
pipe 51B so as to effect a pressure drop
in each approximating the lower pressure
in the outlet header section 48B. Con-
sequently, the pressures of the uncon-
densed steam and non-condensibles equal to
that within pipc 51B so as to reduce the
amount of piping involved without risk of
backflow.

The main and vent condenser portions
of the condenser shown in FIG. 12 differ
from those previously described in that
the tubes of the bundles making up each
portion are arranged in two-pass fashion
with respect to air flow. This, as illustrated
diagrammatically in FIG. 12, main con-
denser portion 70 comprises a pair of
rows 71A and 71B of “U” shaped tubes
having their inlet ends connected to an
inlet or steam header 72 adapted to receive
steam through a port 73, and their opposite
ends connccted to the individual sections
74A and 74B of an outlet header 74. As
shown diagrammatically on FIG. 12, air
flow is in an upward direction over the
tubes of main condenser portion 70 so that
the lower legs of the tubes of row 71B
arc the first to be contacted by the air, the
lower legs of the tubes of row 71A are the
second to be contacted by the air, the
uppper legs of the tubes of row 71A are
the third to be contacted, and the upper
legs of the tubes of rows 71B are the last
to be contacted by air flow.

Vent condenser portion 75 is of basically
the same construction as main condenser
portion 70 in that it comprises a pair of
rows of “U” shaped tubes 76A and 76B,
with the “U”-tubes of row 76A being dis-
poscd within those of row 76B, so that,
with air flowing upwardly over the bundle
from the same source as that which flows
over the main condenser, the lower legs of
thc “U”-tubes of row 76B are the first
to be contacted by air, the lower legs of
“U”-tubes of the row 76A arc the second
to be contacted by air, the upper legs of the
“U”-tubes of the row 76A are the third
to be contacted by air, and the upper legs
of the “U”-tubes of the row 76B are the
last to be contacted by air.

As distinguished from the main con-
denscr portion, however, the inlet ends
of the “U”-tubes of 76A and 76B connect

with individual sections 77A and 77B, re-
spectively, of inlet header 77. Uncondensed
steam and non-condensibles within outlet
header sections 74A and 74B of the main
condenser portion are connected by suit-
able pipes, as shown in FIG. 12, with inlet
header sections 77B and 77A, respectively.
Condensed steam is drained from each of
the outlet header sections 74A and 74B in
any suitable manner, preferably as de-
scribed in connection with FIGS. 1 to &, so
as to isolate the pressure in each row of
tubes of the main condenser portion from
that within the other.

The outlet ends of the “U”-tubes 76A
and 76B are connected to sections 79A
and 79B of an outlet header 79 for the
vent condenser portion, and the additional
steam condensed in condenser section 79A
and 79B is drained in a manner similar
to that described in connection with outlet
header 74. Pipes 80A and 80B extend from
the vent outlet header sections 79A and
79B, respectively, so as to permit uncon-
densed steam and non-condensibles therein
to be withdrawn by the air removal equip-
ment to be described.

It will be appreciated that the arrange-
ment of the main and vent condenser tubes
in the Figure 12 embodiment is analogous
to the arrangements shown in Figures 1 to
9 in that the upper and lower legs of the
U-shaped tubes lie in different parallel
plancs, the lower legs of the vent con-
denser tubes 76B all being connected to
the outlet header section 79B and the lower
legs of the vent condenser tubes 76A arc
connected to the outlet header section 79A
whilst in Figure 9, the vent condenser
tubes laying in different parallel planes 57A
to 57D are each connected to respective
ones of the outlet header sections 58A to
58D and in Figures 1 to 8 the vent con-
denser tubes 34A, 34B, 34C and tube 34D,
again lic in separate parallel planes, and
are conneccted to outlet header sections
27A to 27D respectively.

As will be appreciated, the bundle of
vent condenser portion 75 may comprise a
lesser number of rows of “U”-tubes than
that of the main condenser portion, and the
rows of tubes in the vent condenser portion
may be of lesser number and/or size than
those of the main condenser portion. Still
further, the number of pipes extending
from the outlet head sections to the air
removal equipment may be equal the num-
ber to the rows, or be of a lesser number
by virtue of connection of the pipes for
the third and/or subsequent rows with that
for the second row, as shown and de-
scribed in connection with FIGS. 9 and 10.

The embodiment of the air removal
equipment shown in FIG. 13 may be used
with either the condensing apparatus of
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FIGS. 1 to 8 or FIG. 10, or other
condensing apparatus having individual
vent tubes or outlet header sec-
tions for each of four rows of tubes of

5 the vent condenser portion. Hence, the
pipes leading from such sections to the
equipment are assigned reference charac-
ters 90A, 90B, 90C and 90D having no
relationship to any of the previously de-

10 scribed embodiments. In any event, it will
be understood that pipes 90A-90D may con-
nect, respectively, with 35A-35D leading
from vent tubes of the vent condenser por-
tion of FIGS. 1 to 8, or with pipes 50A-

15 50D leading from the outlet header sections
48A-48D of vent condenser portion 41 of
FIG. 10.

As shown in FIG. 13, pipes 90A-90D

connect with the sides of the throats of
20 nozzles 91A, 91B, 91C and 91D, respec-
tively, and steam, which may be at a
pressure of 150 p.s.i.,, is passed through
branches 92A-92D of i91A-91D, respec-
tively, for passage through the nozzles.
25 Since the motive steam is at a considerably
higher pressure than that of the essentially
subatmospheric presure of the uncondensed
steam and non-condensibles within pipes
90A-90D, it draws the latter through the
30 nozzles and ejects it into the downstream
ends of the lines 92A-92D, which are con-
nected with a common line 93 leading to
an inter-condenser 94, and thereafter dis-
charged to the atmosphere without danger
35 of backflow into the pipes.

Inter-condenser 94 comprises a shell 95
through which a tubing 96 extends for pass-
ing cooling water therethrough from a
source which leads from supply line 97.

40 Steam condensed in the inter-condenser is
drained from the shell 95 through a
line 98, while uncondensed steam and non-
condensibles therein are drawn through a
line 99 into the side of the throat of a

45 nozzle 100. Motive steam is supplied
through another branch 101 of line 92 for
passage through nozzle 100 in order to
eject the uncondensed steam from the
inter-condenser into an after-condenser

50 102.

After-condenser 102 is similar to the
intercondenser 94 in that it includes a shell
104 having a tubing 103 therein which
receives cooling water from a line 104A

55 leading from tubing 96 to circulate it
through the after-condenser. Cooling water
is removed from the after-condenser shell
through a line 105 leading to a suitable
point of disposal, while steam condensed

60 in the after-condenser shell is drained
therefrom through a line 106. The remain-
ing uncondensed steam and non-con-
densibles are discharged to the atmosphere
through a line 107.

65 The embodiment of the air removal

equipment shown in FIG. 14 is adapted
to be used in connection with condensing
apparatus, such as that shown in FIG. 9,
wherein three pipes 110A, 110B and 110C
connect with pipes leading from the separ- 70
ate vent tubes outlet header sections, such

as pipes 62A, 62B and 62D leading from
the sections of outlet header 58 of FIG. 9.
Pipes 110A-110C connect, respectively, with
the sides of the throats of nozzles 111A, 75
111B and 111C, and the uncondensed steam
and non-condensibles within each of the
pipes is drawn into and through the nozzle

by means of air supplied thereto through

a line 112 having Branches 112A, 112B and 80
112C leading, respectively, to the nozzles
111A-111C. Furthermore, as in the case of
the equipment shown in FIG. 13, the un-
condensed steam and non-condensibles in
the pipes are ejected with the air into a 85
common line 113 connecting with the out-
let ends of lines 112A-112C and leading to a
double inlet vacuum pump 114. Line 113

is split into branches 113A and 113B lead-
ing respectively to the inlets of the side 90
114A and 114B of pump 114. The outlets

of pump sections 114A and 114B connect
with lines 115A and 115B leading to a
common line 116 through which any un-
condensed steam and non-condensibles is 95
discharged to the atmosphere. This pump
is of the rotary type driven by means of a
shaft 117.

The air removal equipment illustrated in
FIG. 15 may be used, for example, with
condensing apparatus having two pipes,
such as that shown in FIGS. 11 and 12
wherein two pipes exiend from the outlet
header sections of the vent condenser por-
tion. Again, however, it would be under-
stood that these pipes, which are indicated
by reference characters 120 and 120A, may
instead extend from separate vent tubes or
outlet header sections of other condensing
apparatus. In any event, as compared with
the equipment of FIG. 14, pipes 120A and
120B lead directly to the inlets of left and
right hand sides 121 A and 121B of a double
inlet vacuum pump 121. The uncondensed
steam and non-condensibles dscharged from 115
the outlets of the pump sections pass
through lines 122A and 122B into a com-
mon line 122 leading to the second stage
vacuum pump 123. This latter pump as
well as the two stage pump 121 may be of 120
a rotary type driven by common shaft 124.
Uncondensed steam and non-condensibles
are discharged from the second stage pump

100

105

110

to the atmosphere through a line 125 lead-

ing from its outlet.

WHAT WE CLAIM IS: —

1. Apparatus for condensing steam or
other vapor which contain non-condensibles
such as air at a pressure near or below
atmospheric comprising a condenser having 130

125
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a main portion including a plurality of
parallel rows of tubes over which air can
pass succesively, an inlet header for intro-
ducing stcam into onc end of the tubes of
the main condenser portion, a vent portion
having a plurality of tubes arranged in
parallel planes over which air can pass
successively, one end of the tubes of the
vent condenser portion being coupled to the
opposite ends of the tubes of the main con-
denser portion so as to receive uncon-
densed stcam and non-condensibles there-
from, an outlet header including a plurality
of sections each connecting with a tube or
tubes of the vent condenser portion which
lic in one plane, means for draining con-
densate from the outlet header while isolat-
ing the pressure within each section thereof
from that within the others, scparate pipes
each coupled at onc end with one or more
tubes in onc plane of said vent condenser
portion, and means connecting with the
opposite end of each such pipe for
suctioning uncondensed steam and non-
condensibles  therefrom and discharging
them to the atmosphcere at a pressure which
prevents backflow into the pipes.

2. Apparatus as claimed in Claim 1,
wherein each outlet header section couples
with said opposite ends of the tubes of one
row of the main condenser portion and
the tubc or tubes laying in one plane of
the vent condenser portion.

3. Apparatus as claimed in Claim 1,
wherein the tubes of the vent condenser
portion and main condenser portion are
arranged in common rows.

4, Apparatus as claimed in Claim 1,
wherein each separate section of said outlet
header connects to the opposite ends of the
tubc or tubces in one plane of said vent con-
denser portion, and there is another outlet
header to which the ends of the tubes or the
main condenser portion are connected, an-
other inlet header connected to the end of
the tubes of the vent condenser portion, and
tubes in onc plane of said vent condenser
portion, and there is another outlet header
to which the ends of the tubes or the main
condenser portion are connected, another
inlet header connected to the end of the
tubes of the vent condenser portion, and
means arc provided for connecting said
other outlet header to said other inlet
header and withdrawing condensate from
said other outlet header.

5. Apparatus as claimed in Claim 4,

wherein the tubes of each condenser are
arranged in single pass relation to the air
flow.

6. Apparatus as claimed in Claim 4,
wherein said other outlet header also has
sections each connected to the opposite
end of the tubes of one row of the main
condenser portion, said means for draining
condensate from said other outlet head also
includes means for isolating the pressure
within each section of said other outlet
header from that within the other, and said
other inlet header also has separate sections
each connected to the tube or tubes in one
plane of the vent condenser portion and to
a separate section of the other outlet
header.

7. Apparatus as claimed in Claim 6,
wherein the tubes of each condenser are
arranged in multi-pass relation to the air
flow.

8. Apparatus as claimed in Claim 4,
wherein the outlet header of the main con-
denser portion and the inlet header of the
vent condenser portion is common to the
tubes in each.

9. Apparatus for condensing steam or
other vapor substantially as described here-
in with reference to Figures 1 to 8 of the
accompanying drawings.

10. Apparatus for condensing steam or
other vapor substantially as described
herein with reference to Figures 9 of the
accompanying drawings.

11. Apparatus for condensing steam or
other vapor substantially as described here-
in with reference to Figure 9 as modified
by Figure 10 of the accompanying draw-
ings.

12. Apparatus for condensing steam or
other vapor substantially as described here-
in with reference to Figure 9 as modified
by Figure 11 of the accompanying draw-
ings.

13. Apparatus for condensing steam or
other vapor substantially as described here-
in with reference to Figure 12 of the
accompanying drawings.

TREGEAR, THIEMANN & BLEACH,
Chartered Patent Agents,
Enterprise House,

Isambard Brunel Road,
Portsmouth, PO1 2AN,
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