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My invention relates to apparatus for con-
densing gaseous media and particularly to
apparatus of the surface type intended pri-
marily: for condensing steam and it has for
an object to provide apparatus of the char-
acter designated which shall be so construct-
ed and arranged as to effectively utilize the
entire cooling surface of the apparatus in
order that it may operate at a very high heat
transfer rate. ‘

In numerous power plant installations, the
intake and discharge tunnels for supplying
cooling water to and receiving cooling water
from the condenser are located at a common
end of the condenser. This location of the
tunnels relative to the condenser affords a
very good arrangement where condensers
having an even number of passes for the
cooling water such as, for example, two

, passes, are employed inasmuch as the cooling

water inlet and outlet connections on the
condenser may be located at the end of the
latter which is adjacent to the tunnels. By
means of such an arrangement, relatively
short connecting pipes between the tunnels
and the condenser are required.

However, frequently, it is desired to install
condensers having an odd number of passes
for the cooling water such as, for example,
single-pass condensers, in existing power
plants having their intake and discharge tun-
nels located as heretofore described and, in-
asmuch as the conventional form of single-
pass condenser has its circulating water in-

25 let and outlet connections located at opposite

ends thereof, it becomes necessary to extend
a pipe longitudinally past the condenser in
order that one of the tunnels may be connect-
ed to that circulating water connection of
the condenser which is disposed at-the end of
the condenser removed from the tunnels.
When it is taken into consideration that pipes
of this character may be of the order of 60"
in diameter, it can be appreciated that it is
highly desirable that the length of such pipe
be reduced as much as possible. - ~

It has heretofore been proposed, as dis-
tlosed and claimed in United States Patent
No. 1,748,676, issued February 25, 1930 for
condenser and assigned to the Westinghouse

Electric & Manufacturing Company, to lo-
cate, in a single-pass condenser, both the in-
let and outlet circulating water connections
in a common water box, which common water
box may be disposed adjacent to the water
tunnels. ¥n such a condenser, there is pro-
vided, interiorly of the condenser shell struc-
ture, a longitudinally-extending pipe or
trunk conduit for connecting one of the cir-
culating water connections to the end of the
tube nest removed from the water tunnels.
With such a form of condenser, the pipes con-
necting both thé intake and discharge tun-
nels to the condenser may be made as short
as though & two-pass condenser were in-
stalled and the extension of relatively large
pipes about the exterior of the condenser
is entirely avoided. Preferably, the trunk
conduit within the condenser shell is so lo-
cated that at least a portion of the tube nest
intervenes between it and the main exhaust
steam inlet of the condenser. ’

More particularly, therefore, my invention
has for an object to provide a condenser of the
foregoing character, which shall be so con-
structed and arranged as to utilize, to the
fullest extent possible, the heat-absorbing
capacity afforded by the relatively large cir-
culating - water trunk conduit extending
through the condenser shell.

Still ‘'more particularly, my invention has
for an object to provide a condenser of the
foregoing character which shall be so ar-
ranged as to provide for the circulation of
steam -and non-condensable gaseous media
longitudinally within the condenser shell in
a direction from the outlet or warm end of
the tube nest toward the inlet or cold end of
the tube nest and, furthermore, to effect such
longitudinal circulation in the vicinity of the
relatively large circulating water trunk con-
duit extending longitudinally through the
shell structure. In this way, the natural
tendency for the gaseous media in the con-

denser shell structure to flow from the region ¢

of relatively low heat head to the region of
relatively high heat head, is not interfered
with and consequently better distribution of

‘the steam to the tube nest is afforded.

My invention has for still another object
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to provide a condenser of the foregoing char-
acter wherein the longitudinal movement of
the steam and non-condensable gaseous me-
dia from the relatively warm end toward the
relatively cold end of the tube nest shall as-
sume a path or route so arranged as to in-
sure as much transfer of heat as possible
to the circulating water trunk conduit ex-
tending through the shell structure in order
that the longitudinally-moving steam may be
condensed and in order that the longitudi-
nally-moving non-condensable gaseous me-
dia may be cooled.

My invention has for still another object
to provide a condenser of the foregoing char-
acter which shall utilize the coldest portion
of the tube nest as well as the circulating wa-
ter trunk conduit extending through the shell
structure for cooling the non-condensable
gaseous media prior to the removal of the
same from the shell structure.

My invention has for still another object
to provide a condenser of the foregoing char-
acter which shall be of the radial flow type
in that the steam enters the tube nest from
the greater portion of its periphery and the
air and non-condensable gaseous media are
withdrawn from an interior or central por-
tion of the tube nest and, furthermore, to
provide a condenser which shall be of the
coreless type in that the tube nest shall em-
body a longitudinally-extending cavity for
the longitudinal circulation of gaseous media
within the shell structure, the circulating wa-
ter trunk conduit provided in the condenser
shell preferably being located within this
cavity.

These and other objects are effected by my
invention, as will be apparent from the fol-
lowing description and claims, taken in con-
nection with the accompanying drawings,
forming a part of this application, In
which:

Tig. 1 is a view, in longitudinal sectional
elevation, of one form of condenser arranged
in accordance with my invention and 1in-
tended for installation in a horizontal posi-
tion;

Tig. 2 is a transverse, sectional view
through the shell structure, and is taken on
the line IT—II of Tig. 1;

Fig. 8 is a transverse sectional view
through the water box and is taken on the
line JIT—I1T of Fig. 1;

Fig. 4 is a view, in longitudinal sectional
elevation, of another embodiment of my in-
vention which is similar to that shown in
Fig. 1 with the exception that cooling tubes
are associated with the relatively large cir-
culating water conduit extending through
the shell structure for angmenting the cool-
ing action of the same and, furthermore, as
will be apparent from the drawings, the con-
denser is intended for installation in a ver-

% tical position;
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Fig. 5 is a transverse, sectional view
through the condenser shell and is taken on
the line V—V of Fig. 4; and,

Fig. 6 is a transverse, sectional view
through the water box and is taken on the line
VI—VI of Fig. 4.

Referring now to Figs. 1 to 3, of the draw-
ings, I show a condenser having a shell struc-
ture 10 provided with an inlet 11 for steam
to be condensed and an outlet 12 for conden-
sate. Secured toone end of the shell structure
10 is a tube sheet 13 and to the other end a
tube sheet 14. Extending longitudinally be-
tween the tube sheets 13 and 14 is a tube nest
15, which tube nest may have its outer perim-
eter so formed, as to define, with the interior
of the shell structure 10, an intervening steam
delivery space 16 surrounding a substantial
portion of the tube nest and freely communi-
cating with the inlet 11.

Secured to the end tube sheet 14 is a water
box 17 provided with a cooling water inlet
connection 18 and a cooling water outlet
connection 19, the inlet connection 18 being
provided with a conduit 21 extending longi-
tudinally of the water box and joining the
tube sheet 14, as at 22.

The tube nest 15 is provided with a longi-
tudinally-extending core space or cavity 23,
which core space is preferably of substantial
cross-sectional area. Disposed in the core
space 23 is a trunk conduit 24 for conveying
cooling water admitted through the inlet 18
and conduit 21 directly to a water box 25 lo-
cated at the other end of the condenser. In
the present embodiment, the tube nest is of
the single-pass type, that is, the cooling water
circulates through the tube nest in a single,
longitudinal direction. Hence, the trunk con-
duit 24 is so formed that its flow-area is sev-
eral times larger than any of the individual
tubes of the nest in order that it may convey
adequate cooling water for all of the tubes
of the nest. Such an arrangement is very
desirable in that it provides a type of con-
denser having an odd number of passes where-
in both the inlet and outlet cooling water
connections are located at a common end of
the condenser. As pointed out heretofore,

such & form of condenser is especially appli- :

cable to numerous power plants and is par-
ticularly applicable to power plants wherein
the condensers are installed in a vertical posi-
tion and the intake and discharge tunnels are
necessarily located below one end of the con-
denser.. In this connection, it is noted that,
while in the present embodiment, I show a
single trunk conduit 24 for conveying water
to all of the tubes of the nest, it will be ob-
vious that it is within the purview of my in-
vention to utilize more than one trunk con-
duit of this character in which case the num-
ber of such trunk conduits would be only a
small percentage of the number of condens-
ing tubes and, consequently, the flow-area of
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each of such trunk conduits would be equiva-
lent to the total flow-area of a group of con-
densing tubes. I

Preferably, the conduit trunk 24 extends

through the centrally-disposed core space in-

asmuch as this affords the most desirable
arrangement in a condenser of the type il-
lustrated, that is, the radial flow. type. In
a condenser of this character, an internally-
disposed core space can be provided without
materially increasing the outer dimension of
the tube nest due to the fact that the number
of tubes omitted from the core space may be
distributed about the periphery of the nest
with little increase in the diameter of the
latter. It also has the additional advantage
of providing a relatively thin, annular band
of tubes surrounded, on the outside, by the
steam to be condensed and forming, on the
inside, a housing for the trunk conduit 24
as well as a passageway for the longitudinal
circulation of steam and air. It will be un-
derstood, however, that it is within the pur-
view of my invention to provide such a form
of core space or cavity as will not be entirely
surrounded by the tube nest, my invention,
contemplating, in its broader aspects, & lon-
gitudinally-extending, passageway some-
where in the shell structure for the longi-
tudinal circulation of gaseous media and &
trunk conduit, such as 24, extending through
said passageway from the water box 17 to the
water box 25.

The trunk conduit 24 has a bell-mouthed
portion 26 projecting into the water box 25
and the latter has a cuspidated bounding
wall 27 having its apex arranged substan-
tially coaxial with the conduit 24, The bell-
mouthed portion 26 of the conduit 24, there-
fore, cooperates with the cuspidated bound-
ing wall 27 to form a smoothly-curved an-
nular passageway through which the water
may pass from the trunk conduit 24 to the
water box 25 with a minimum amount of tur-
bulence and without eddy or shock losses.
Of more importance is the fact that this ar-
rangement avoids erosion of the tube end
portions projecting into the water box 25.
The water, preferably, first circulates
through the trunk conduit 24 and is thence
distributed to the tube nest. Such an ar-
rangement maintains the trunk conduit at a
relatively low temperature. However, In
some cases, the order of circulation may be
reversed.

The trunk conduit 24 is preferably pro-
vided with lateral or radial projections for
augmenting the cooling surface thereof and
for directing the passage of the gaseous me-
dia longitudinally through the shell structure
in a somewhat tortuous path. . In the present
embodiment, I show a radially-projecting
plate 31 which is wound spirally about the
trunk conduit 24 and thus forms a helical
passageway leading in a direction from the

water box 17 toward the water box 25. For
supporting the tube nest intermediate of the
end tube sheets 13 and 14, suitable interie-
diate tube-supporting sheet or sheets 32 are
provided. As shown in Fig. 2, the outer pe-
rimeter of each intermediate tube-support-
ing sheet is similar and adjacent to that of
the tube nest in order that the surrounding
steam delivery space 16 may communicate
freely and uninterruptedly with the entire
tube nest.

The intermediate tube-supporting sheets
32 (divide the condenser, longitudinally, into a
series of sections, 33, 84, 35 and 38 of pro-
gressively increasing temperatures, the sec-
tion 33 adjacent the end of the tube nest
where the cooling water enters being a rela-
tively cold section and the section 36 located
at the end of the tibe nest from which the
cooling water is discharged being a relative-
ly warm section. In order to accommodate
the trunk conduit 24 and in order that they
may not interfere with the free longitudinal
flow of the gaseous media through the core
space 23, the intermediate tube-supporting
sheets 82 ‘ave provided with substantial open-
ings 87, which openings are preferably ar-
ranged in alignment with the core space.

For removing air and non-condensable
gaséous media from the shell structure, some
means such as, for example, an ejector 88 is
provided, which ejector connects through a
conduit 39, with the interior of the shell
structure. Preferably, the ejector 88 is so
arranged that it withdraws the air and non-
condensable gaseous media irom the core
space 23, which space is adjacent to the trunk
conduit 24, and from the cold end of the
tube nest, that is, the section 33 or that end
through which the cooling water enters the
tube nest, ,

From the foregoing description, the opera-
tion of my invention will be apparent. Steam
to be condensed enters the shell structure 10
through the inlet 11 and surrounds the tube
nest in the steam delivery space 16. The
steam is drawn radially inward in each of the
sections from the perimeter of the tube nest
toward the core space 28 and, in its passage

across the tube nest, a considerable portion

of the steam is condensed and falls to the bot-
tom of the shell structure from whence it
drains to the hotwell or outlet 12.

Cooling water enters through the inlet 18
and passes by way of the conduits 21 and 24
to the water box 25 in which it is distributed
to the tubes of the nest. The water then flows,
longitudinally, through the tube nest in a sin-

gle direction back to the water box 17 from.

which it is discharged through the outlet 19.
Owing to the very large flow-area of the trunk
conduit 24, the water assumes only a slight
increase in temperature in passing there-
through and hence there is very little differ-
ence in temperature between the inlet end of
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the conduit 24 and its outlet end. However,
when this water enters the numerous tubes of
the tube nest, it is divided into many rela-
tively small streams and, hence, it absorbs
heat quite rapidly. As a result, the tempera-
ture of the cooling tube nest section 33 is
substantially lower than that of the tube nest
section 36 and the tube nest sections 33 to 86,
inclusive, therefore assume progressively in-
creasing temperatures in the direction of the

flow of cooling water through the tube nest.

The tube nest section 33, being a relatively
colder section than the tube nest section 36, a
higher heat head prevails in the vicinity of
the section 33 than in the section 36 and hence,
there is a natural tendency for the uncon-
densed steam and air entering the core space
23 to flow in a longitudinal direction toward
the tube sheet 13. This tendency is further
induced by the withdrawal action, of the
ejector 38 and, in order to utilize the relative-
ly large cooling surface of the trunk conduit
24 as much as possible, the helical plate 81 is
provided so that the uncondensed steam and
air entering the core space 23 assume a helical
path of travel toward the tube sheet 13. In
this way, the steam component of the longi-
tudinally moving gaseous media is condensed
while the air and other non-condensable
gaseous media are withdrawn by the ejector
from the coldest end of the tube nest and,
hence, its temperature is reduced as much as
possible.

As the capacity of the section 33 for con-
densing steam is greater than the section 36,
any excess steam supplied to the relatively
warm sections 86, 35, etc., enters the core
space 23 and, in circulating longitudinally
therethrough, is condensed by the effective
cooling action of the trunk conduit 24 and its
spiral plate 31. In this way, not only is the
entire tube nest of the condenser utilized to
both condense steam and to cool the air, but
the trank conduit is utilized to augment the
heat-absorbing action of the tube nest besides
joining the water connection to a common end
of a single-pass condenger.

Referring now to Figs. 4 to 6, I show a form
ot condenser which is similar to that shown
in Ifigs. 1 to 3. However, in this latter em-
bodiment, I show the condenser in a vertical
position inasmuch as condensers arranged in
accordance with my invention-are particular-
ly adapted for installations of this character.
Like the previous embodiment, the tube nest

sections increase progressively in tempera-

ture in the direction from the water box 17
toward the water box 25, the section 33 being
the coldest section and the section 36 the
warmest section. The ejector 38 therefore
preferably withdraws the air and non-con-
densable gaseous media from the section 33.
Inasmuch as this condenser is of the vertical
type, condensate is removed through an out-

let 56 extending through the water box 17 and
the tube sheet 14.

In order to provide cooling facilities in
the core space 23 in addition to that afford-
ed by the trunk conduit 24, I provide a plu-
rality of additional cooling tubes 57, which
additional cooling tubes are spaced about the
conduit 24 and extend through and are car-
ried by the spiral plate 81 provided on the
conduit. Tike the previous embodiment, the
intermediate tube-supporting sheets 32 are
provided with openings 87 which afford free
longitudinal circulation of gaseous media
through the core space and about the trunk
conduit and the additional cooling tubes 57.
Preferably, as shown in Tig. 5, the cooling
tubes 57 are disposed in less closely spaced
relation than the tubes of the tube nest 15.

It will be apparent that this latter em-
bodiment of my invention operates in a man-
ner similar to the previously described em-
bodiment, the additional cooling tubes 57
augmenting the action of the trunk conduit
in condensing the steam and cooling the air
entering the core space 23 from the tube nest
sections. It will be further apparent that
both embodiments of my invention provide
condensers wherein gaseous media entering
the warmer sections is permitted to flow
through the colder sections. In other words,
the natural tendency for the gaseous media
to flow to the region of relatively high heat
head is not interfered with and hence the
coldest sections of the tube nest are fuily uti-
lized. Furthermore, by arranging the trunk
conduit in the manner disclosed, the capacity
of the condenser, as a whole, is materially
increased. In addition, the gaseous media
traveling through the core space may be sub-
jected to the relatively low temperature of
the vast body of water circulating through
the trunk conduit and, as it is finally re-
moved through the coldest section of the
tube nest, removal of air and non-condensable
gaseous media at a minimum temperature is
assured. It is submitted that a condenser
so arranged provides a condenser having an
odd number of passes, having both its water
connections located at a common end and
having a maximum condensing capacity con-
sistent with the space occupied.

While T have shown my invention in two
forms, it will be obvious to those skilled in
the art that it is not so limited, but is sus-
ceptible of various other changes and modi-
fications without departing from the spirit
thereof, and I desire, therefore, that only
such limitations shall be placed thereupon
as are imposed by the prior art or as are
specifically set forth in the appended claims.

What I claim is:

1. In a condenser, the combination of a
shell structure having an inlet for the ad-
mission of gaseous media to be condensed
and an outlet for condensate, a tube nest ex-
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tending longitudinally through the shell
structure, cooling water inlet and outlet con-
nections located at one end of the tube nest,
a trunk conduit extending longitudinally
through the shell structure and connecting
one of said cooling water connections to the
remote end of the tube nest, said trunk con-
duit having a flow-area several times larger
‘than the individual tubes of the nest in order
to convey adequate cooling water for several
tubes of the nest, and means for circulating
non-condensable gaseous media over the ex-
terior surface of the trunk conduit prior to
the removal of the same from the condenser.

2. In a condenser, the combination of a
shell structure having an inlet for the ad-
inission of gaseous media to be condensed and
an outlet for condensate, a nest of tubes ex-
tending longitudinally through the shell
structure, said nest of tubes embodying alon-
gitudinally-extending cavity, cooling water
rilet and outlet connections located at one
end of the tube nest, a trunk conduit extend-
ing longitudinally through the cavity of the
tube nest and connecting one of the cooling
water connections with the far end of the
tube nest, said trunk conduit having a flow-
area several times larger than the individual
tubes of the nest in order to convey adequate
cooling water for several tubes of the nest,
and means for circulating air longitudinally
through the cavity of the tube nest and over
the exterior surface of the trunk conduit
prior to the removal of the same from the
condenser. : ;

3. In a condenser, the combination of a
shell structure having an inlet for the admis-
sion of gaseous media to be condensed and
an outlet for condensate, a nest of tubes ex-
tending longitudinally through the shell
structure and spaced from the side walls
thereof so as to form an intervening steam
delivery space surrounding a substantial por-
tion of the tube nest, said tube nest embody-
ing an internal, longitudinally-extending core
space, cooling water inlet and outlet connec-
tions located at one end of the tube nest, a
trunk = conduit extending longitudinally
through the core space of the tube nest and
connecting one of the cooling water connec-
tions with the distant end of the tube nest,
said trunk conduit having a flow-area several
times larger than the individual tubes of
the nest in order to convey adequate cooling
water for several tubes of the nest, and means
for circulating non-condensable gaseous me-
dia longitudinally through the portion of
the core space unoccupied by said trunk con-
duit and for removing the non-condensable
gaseous media at the cooling water entrant
end of the tube nest. : ‘

-4, Tn a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densite, a tube nest extending longitudinally

5

through the shell structure, cooling water in-
let and outlet connections located at a com-
mon end of he tube nest, a conduit extending
longitudinally through the shell structure and
connecting one of said cooling water connec-

76

tions to the remote end of the tube nest, said

conduit having a flow-area several times larg-
er than the individual tubes of the nest in
order to convey adequate cooling water for
several tubes of the nest, passageway means

disposed in the shell structure for affording

longitudinal circulation of gaseous media
over the exterior surface of said conduit, and
means for withdrawing non-condensable gas-
eous media from said passageway. -

80

5. In a condenser, the combination of a tube -

nest, o trunk conduit for supplying water for
passage through the tubes of the nest, the
tubes of the nest and the trunk conduit wall
being constructed and arranged to provide a

85

gaseous media space, means provided on the

conduit wall to increase the heat-conductive
area in contact with gaseous media, and
means for withdrawing gaseous media from
said space. SRR

6. In a condenser, the combination of a
tube nest, a trunk conduit having its outlet
end communicating with one end of the nest,
the tubes of the nest and the trunk conduit

wall defining a gaseous media space, means

projecting from the conduit wall and in heat-
conductive relation with respect to the latter
to provide for increased area in contact with
gaseous media, and air withdrawal means
communicating * with said gaseous media
space adjacent to the entrant end of said nest.

7. In a condenser, the combination of a
tube nest, a trunk conduit for supplying
water for passage through the tubes of the
nest, the tubes and the trunk conduit wall de-
fining a gaseous media space, means provid-
ing for the tortuous passage of gaseous media
adjacent to said conduit wall, and means
for withdrawing gaseous media from said
space. - v -

8. In a condenser, the combination of a tube
nest, a trunk conduit for supplying.water
for passage through the tubes of the nest,
the tubes and the trunk conduit wall defining
a gaseous media space, heat-conductive means
connected to said conduit wall and providing
for tortuous passage of gaseous media adja-
cent to said conduit wall, and air withdrawal
means communicating with said gaseous me-
dia space adjacent to the entrant end of said
nest. '

9. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure, cooling water
inlet and outlet conziections located at a com-
mon end of the tube nest, a conduit extending
longitudinally through the shell structure and
connecting one of said cooling water: connec-
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tions to the remote end of the tube nest, said
conduit having a flow-area several times larg-
er than the individual tubes of the nest in
order to convey adequate cooling water for
several tubes of the nest, passageway means
embodied in the shell structure for affording
longitudinal circulation of gaseous media ex-
teriorly of said conduit and in a direction
from the cooling water exit end of the tube
nest toward the cooling water entrant end of
the tube nest, and means for withdrawing
non-condensable gaseous media from said
passageway means and near the cooling water
entrant end of the tube nest.

10. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending lengitudinally
through the shell structure, transversely-ex-
tending tube sheets located at each end and
intermediate of the ends of the tube nest for
supporting the latter, cooling water inlet and
outlet connections disposed adjacent to one
of the end tube sheets, a trunk conduit ex-
tending longitudinally through the shell
structure and connecting one of said cooling
water connections with the far end of the
tube nest, passageway means embodied in said
intermediate tube-supporting sheets for af-
fording longitudinal circulation of gaseous
media in the vicinity of said trunk conduit
and in a direction from the cooling water exit
end of the tube nest toward the cooling water
entrant end of the tube nest, and means for
withdrawing non-condensable gaseous media
from the cooling water entrant end of the tube
nest.

11. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure, said tube nest
embodying a. longitudinally-extending cav-
ity, tube sheets located at each end and inter-
mediate the ends of the tube nest for support-
ing the latter, said intérmediate tube-support-
ing sheets being provided with openings
aligned with the cavity of the tube nest, cool-
ing water inlet and outlet connections both
located adjacent to one of the end tube sheets;
a trunk conduit extending longitudinally
through the cavity and through said openings
in the intermediate tube-supporting sheets
and connecting one of said cooling water con-
nections with the far end of the tube nest,
and means for withdrawing non-condensable
gaseous media from the cavity near the cool-
ing water entrant end of the tube nest, said
cavity and said openings in the intermediate
tube-supporting sheets being relatively larger
than the trunk conduit in order to provide a
passage for the longitudinal circulation of
gaseous media through the shell structure in
a direction from the cooling water exit end

1,845,540

of the tube nest toward the cooling water
entrant end of the tube nest.

12. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure and spaced from
the side walls thereof in order to form an in-
tervening steam delivery space surrounding
a substantial portion of the outer periphery
of the tube nest, said tube nest embodying
an internal, longitudinally-extending - core
space, tube sheets located at each end and
intermediate the ends of the tube mest for
supporting the latter, said intermediate tube-
supporting sheet or sheets being provided
with an opening or openings registering with
the core space of the tube nest, cooling water
inlet and outlet connections both located ad-
jacent to one of the end tube sheets, a trunk
conduit extending longitudinally through the
core space and through said openings in the
intermediate tube-supporting sheets and con-
necting one of said cooling water connections
with the far end of the tube nest, and means
for withdrawing non-condensable gaseous
media from the core space and at the cooling
water entrant end of the tube nest, said core
space and said openings in the intermediate
tube-supporting sheets being relatively larger
than the trunk conduit in order to provide
an annular passage surrounding the trunk
conduit for affording longitudinal circulation
of gaseous media through the shell structure.

13. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure, cooling water
inlet and outlet connections located at a com-
mon end of the tube nest, a trunk conduit
extending longitudinally through the shell
structure and connecting one of said cooling
water connections to the remote end of the
tube nest, said trunk conduit having a flow-
area several times larger than the individual
tubes of the nest in order to convey adequate
cooling water for several of the tubes of the
nest, passageway means disposed in the shell
structure for affording longitudinal circula-
tion of gaseous media in contact with said
trunk conduit, projections provided on said
trunk conduit for augmenting the cooling sur-
face thereof, and means for withdrawing non-
condensable gaseous media from said passage-
way.

14. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for
condensate, a tube nest extending longitudi-
nally through the shell structure, cooling
water inlet and outlet connections located at
a common end of the tube nest, a trunk con-
duit extending longitudinally through the
shell structure and connecting one of said
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cooling water connections to the remote end
of the tube nest, said trunk conduit having
a flow-area several times larger than the in-
dividual tubes of the nest in order to convey
adequate cocoling water for several of the
tubes of the nest, passageway means disposed
in the shell structure for affording longi-
tudinal civeulation of gaseous media exterior-
ly of said trunk conduit, means associated
with the exterior of said trunk conduit for
directing the passage of gaseous media in a
sortuous direction thereabout, and means for
withdrawing non-condensable gaseous media
from said passageway. ‘

15. In a condenser, the combination of a
sheli structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, o tube nest extending longitudinally
through the shell structure, cooling water
inle$ and outlet connections located at a com-
mon end of the tube nest, a conduit extending
longitudinally through the shell structure
and connecting one of said cooling water con-
nections to the remote end of the tube nest,
said conduit having a flow-area several times
larger than the individual tubes of the nest
in order to convey adequate cooling water for
several of the tubes of the nest, passageway
means disposed within the shell structure for
affording longitudinal circulation of gaseous
media exteriorly of said conduit, projections
provided on said conduit for directing the
easeous media around said conduit and in a
direction from the cooling water exit end of
the tube nest toward the cooling water en-
trant end of the tube nest, and means for
withdrawing non-condensable gaseous media
from said passageway near the cooling water
entrant end of the tube nest.

16. In a condenser, the combination of a
shell structure having an inlet for gaseous me-
dia to be condensed and an outlet for conden-
sate, a tube nest extending longitudinally
through the shell structure, cooling water in-
let and outlet connections located at a com-
mon end of the tube nest, a conduit extend-
ing longitudinally through the shell strue-
ture and connecting one of said cooling water
connections to the remote end of the tube nest,
said conduit having a flow-area several times
larger than the individual tubes of the nest
in order to convey adequate cooling water for
several of the tubes of the nest, passageway
mesns disposed in the shell structure for af-
fording longitudinal circulation of gaseous
media exteriorly of said conduit, a baffle
wound about the exterior of said conduit and
forming a helical passageway for the circa-
Iation of gaseous media in a direction from
the cocling water exit end of the tube nest
toward the cooling water entrant end of the
tube nest, and means for withdrawing non-
condensable gascous media from  near the
cooling water entrant end of the tube nest.

17. In a condenser, the combination of a
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shell structure having an inlet for gaseous
media to be condensed and an ountlet for con-
densate, a tube nest extending longitudinally
through the shell structure, cooling water in-
let and outlet connections located at a com-
mon end of the tube nest, a trunk conduit ex-
tending  longitudinally through the shell
structure and connecting one of said cooling
water connections to the remote end of the
tube nest, said trunk conduit having a flow-
area several times larger than the individual
tubes of the nest in order to convey adequate
cooling water for several of the tubes of the
nest, passageway means disposed in the shell
structure for affording longitudinal circula-
tion of gaseous media exteriorly of said trunk
conduit, radial projections provided on said
trunk conduit, additional longitudinally-ex-
tending cooling tubes spaced about said trunk
conduit and communicating at one of their
ends with an end of said trunk conduit for the
circulation of cooling water, said additional
cooling tubes extending through the radial
projections, and means for withdrawing air
from the vicinity of the cooling tubes spaced
about said trunk conduit.

18. In a condenser, the combination of a
shell structure having an inlet for gaseous me-
dia to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure, cooling water
inlet and outlet connections located at a com-
mon end of the tube nest, a trunk conduit
extending longitudinally through the shell
structure and connecting one of said cooling
water connections to the remote end of the
tube nest, said trunk conduit having a flow-
area several times larger than the individual
tubes of the nest in order to convey adequate
cocling water for several of the tubes of the
nest, passageway means disposed in the shell
structure for affording longitudinal circula-
tion of gaseous media exteriorly of said trunk
conduit, additional longitudinally-extending

‘cooling tubes spaced about said trunk conduit

and communicating at one of their ends with
one end of said trunk conduit for the circula-
tion of cooling water, said additional cooling
tubes being disposed in less closely spaced re-
lation than the tubes of the nest.

19. In a condenser, the combination of a
shell structure having an inlet for gaseous
media to be condensed and an outlet for con-
densate, a tube nest extending longitudinally
through the shell structure, cooling water in-
let and outlet connections located at a com-
mon end of the tube nest, a traunk conduit ex-
tending longitudinally through the shell
structure and disposed adjacent to the tube
nest for conveying cooling water from one
of said cooling water connections to the re-
mote end of the tube nest, said tube nest and
trunk conduit defining an intervening pas-
sageway for the longitudinal circulation of
gaseous media from the cooling water exit end
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of the tube nest to the cooling water entrant
end of the tube nest, and means communicat-
ing with said passageway means at the cool-
ing water entrant end of the tube nest for re-

~% moving gaseous media from the shell struc-
ture.

In testimony whereof, I have hereunto sub-
scribed my name, this 21st day of March,
1930.

10 JOHEN H. SMITH.
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