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The present invention relates to improvements
in condensers and more particularly. to surface
condensers for condensing steam and other
vapors.

The invention improves condenser construction
and operation by providing a tube bank and shell
construction cooperating to form' a. vapor lane
and a reheating chamber wherein vapor entering
the inlet to the condenser. at high velocity will
have a portion conducted directly into the re-
heating chamber for increasing the pressure in
the. reheating chamber to an- amount:higher
than the inlet pressure for effectively using the
heat in said- vapor. for heating the condensate
to a higher temperature than the Vapor tempera-
ture at said inlet.

The invention. provides: a condenser con-
structed to provide increased efficiency by utiliz-
ing part of the heat in the steam being condensed
to reheat the condensate to, a higher temperature
than the steam temperature ‘entering. the.con~
denser.

The invention further provides for - -improving
the. construction and operation of a _ condenser
to increase its efficiency by having a. pair.of tube
banks arranged one in each side of the- shel}-ex-
tending inwardly from the side;walls thereof rto
provide condensing zones substantially filling- the
shell. Each bank of condenser tubes has radially
arranged steam passages.through the condensing
zones radiating upwardly and inwardly from the
central side portions of the shell. The condenser
banks terminate in spaced relation in the central
rortion of the shell with the inner faces diverging
upwardly from the bottom portion at an approxi-
mate 10° angle to the upper central portion where
each bank then durves outwardly in arcuate rela-~
tion to the upper top side. portions of -the shell
to form a central vertical funnel- shaped vapor
lane through said shell. 'The bottom portions
of the condenser banks terminate in spaced rela.
tion above the bottom of said shell te form 2 con-
densate reheating chamber below the banks hav-
ing the lower end of the vapor lane communicat-

ing therewith. With the width of -the narrow 45

portien of the vapor-lane equal- to about one-
twelfth of the width:of both condenser tube
banks, a cooperation is-obtained in the condenser
between the radiating steam rassages in the con-
densing zone, the steam lane and ‘condensate re-
heating chamber fer condensing a large volume
of steam or the like and reheating the condensate
te a higher temperature-in-the reheating cham-
ber than the temperabure of the vapeor at the in-

let. The forming:of a top- portion on the con- :

denser with a long narrow inlet -and. top-walls in-
clined outwardly away from the inlet to the side
walls of the. shell provide fer further improve-
ments in the condenser to. aid in obtaining the
rapid condensing of alarge volume of .steam and
reheating of the condensate,

The invention provides for’ lmprovements in:
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the construction of condenser tube banks to se-

cure more efficient condensation of vapor by hav-

ing the:tubes in each bank arranged in rows to

provide a cross-sectional tube pattern-in which

transverse rows radiate from the. central.outside -
portion of the bank. upwardly: and inwardly in

substantially  radial relation: to  provide steam:

passages through said banks that are wider at the

inner face of the bank, while curved intersecting.
rows of the tubes in the bank are arranged con-

centrically in uniform spaced relation and extend

inwardly from the outer upper side portion of the

bank and then curve into downwardly extending

relation in the central portion of the shell merg-

ing-into spaced parallel rows of tubes inclined in-

wardly-and downwardly: to the bottom of the tube

bank:

In the drawings:

Fig. 1 shows a:top plan view of a condenser
with the- water box:on: one end -broken away
and omitting illustration of the condenser tubes:

Pig. 2 is a view showing the condenser partly.in
side elevation and partly in vertical longitudinal
cross-section with portions broken away for con-
venience inillustrating the invention; with only
portions of a few condenser tubes illustrated.

Fig. 3-shows the condenser in end :elevation
with- a portion of the water box broken: away
and shown in cross-section for illustrating details:
of construction with the cross-sectional: pattern
of .the condenser tubes shown dlagrammatlcally
by center lines.

Pig. 4 is a vertical transverse section taken on
line 4—4 of Fig. 1 showing the; cross~-sectional
tube bank' pattern  diagrammagtically by the in-
tersecting center lines.

Pig. 5 is.an enlarged fragmentary detall cross—
section through the margin of a tube sheet; wa-
ter ‘box ‘and the flange on one end of the shell
showing hew the tube.sheet and water box are
bolted to the shell.

Fig. 6 is an-enlarged fragmentary: detml Cross-
section showing the expansion: joint at one.end
of the-shell.

Fig.. 7:is an enlarged fragmentary dlagram-
matic. illustration showing the cross-sectional
tube pattern in the air cooler including the angu-
lar - relation between  intersecting  center lmes
through the tube. centers:

-The condenser - constructed. accordlng to. the
present invention has a metal shell | open atops=
posite ends, The:shell is formed to provide spaced.
parallel vertical side walls 2 merging into down-
wardly -and. inwardly curved bottom, portions: 3
Mustrated in semi-cylindrical form. in the draw-

. ings with the radiys for-the bottem portion hav-

ing -the. center - on a horizontal center line at-4;

" see Fig.4: Theradiusofa typical condenser from

60

center 4 to the outer edge of the flange as illus=
trated is fifty and three-fourths inches.

The.shel] is formed to provide a.top: having. in-
clined top wall sections b extending inwardly and
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3
upwardly from the upper edges of. side walls 2
and formed at the top to provide a narrow inlet
7. The top also has inclined top wall portions
8 connecting the ends of sections 6 and formed

at the top edges to provide the end portions of:

inlet 7. As shown in Fig. 1, inlet T is substan-
tially rectangular in form having the ends ter-
minating close to the end portions of the shell
and having a width equal to about one-third of
the condenser width. The top wall portions 6
and 8 in forming inlet T are provided at the
upper edges with a flange 9 welded thereon and
formed with a plurality of openings for forming
one part of a flange joint to which the exhaust
end of a turbine, vapor conduit or other appa-
ratus may be bolted to provide a tight joint at
the inlet to the condenser.

The right-hand end of the shell has a flange
10 welded thereon in the manner shown in Fig.
5. The left-hand end of the condenser as shown
in Pigs. 1, 2 and 6 has a sleeve 1! slidably mount-
ed thereon and connected to the end portion of
the shell by means of a sheet metal ring {2 of U-
shape in cross-section having one part of the ring
welded at 13 to the shell and the other part of
the ring welded to the inner end of sleeve II.
This provides a bellows type expansion joint. . A
flange 14 is welded to the other end of sleeve !
where it projects beyond the end of the shell.
Flange 14 is formed with a plurality of openings
for receiving securing bolts. This structure pro-
vides means for compensating for the difference
in expansion between the shell and the condenser
tubes.

‘A pair of tube sheets 15 are mounted one at
each end of the sheil with the periphery of the
tube sheets engaged against flanges 16 and 4.
The tube sheets are bolted to flanges {6 and {4 by
collar bolts 16, as shown in Fig. 5, having the col-
lars engaging in recesses in the outer faces of the
tube -sheets so that when the nuts are threaded
on the ends of the bolts passing through flanges
10 and 14 the tube sheets will be rigidly secured
in sealed relation against flanges {0 and 14 on
the ends of the condenser shell.
may be placed between tube sheets (5 and the
flanges on the condenser shell to seal the joints
in a manner well-known in the art. A sufficient
number of collar bolts 16 are used around the
flanges on the shell to firmly secure the tube
sheets thereon. Illustration of most of these col-
lar bolts and other bolts are omitted in the sev-
eral figures of the drawings for convenience in
Nustration.

A plurality of baffle plates (T are arranged in 3

vertical transversely extending spaced parallel
relation in the top portion of the shell and are
secured at the ends by welding or the like to top
wall sections 6. These baffles 17 direct steam en-
tering through the inlet in a downward path to-
ward the bottom of the shell and also cooperate
in reinforcing the top structure of the shell.
These baffles have central openings, partly shown
in Fig. 4.

‘A plurality of tube support plates I8 are mount-
ed in vertical transversely extending .relation
with opposite ends secured to the side wall and
bottoin portions 2 and 3 of the shell by welding
or the like. It will be noted from Fig. 2 that the
centrally located tube support plates are in stag-
gered relation with respect to the upper and
lower tube support plates §8. These tube sup-
port plates are provided with a plurality of per-
forations (not shown) to receive and support the
condenser tubes at spaced intervals between the

Suitable gaskets 1.
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tube sheets. The central sections of plates §8 are
apertured as shown in Fig. 4 to provide communi-
cation throughout the central portion of the shell.
A pair of air bafiles {9 of angle form in cross-

-section is formed of sheet metal and has one free

edge welded or otherwise suitably secured tc the
lower portions of side walls 2 of the shell, one at
each - side thereof. 'The other portion of the
angle extends inwardly and downwardly toward

4 the curved bottom portion 3 of the shell and ter-

minates in spaced relation to the inside of the
shell to provide an air inlet 20 along the lower
edge. Air bafiles {9 are slotted to receive and
engage over tube support plates {8 and the cen-

5 trally located group of tube support plates {8 are

apertured at 2t inside air bafles 19 on each side
of the condenser sheil to provide continuous in-
terior air manifolds throughout the full iength of
bafies {8 which are closed at the ends near the

.y tube sheets by blank-off plates 19",

The condenser is provided with a pair of con-
denser tube banks having a plurality of tubes
arranged in longitudinally extending relation
throughout the length of the shell with opposite
ends secured in tube sheets 15 so that the inte-
rior of the tubes open at the ends of the con-
denser on the outside faces of the tube sheets in
a manner well-known in the art. The condenser
tubes are indicated by the numeral {5’. The
illustration of the tube banks in the drawings is
substantially diagrammatic due to the small scale
required for illustration. The tube banks are
therefore illustrated by showing the cross-sec-
tional pattern produced by the intersecting cen-

; ter lines of the transverse and intersecting curved

rows in which the tubes are arranged, withoud
illustrating the tubes in cross-section. Circles
have been drawn on some of the tube centers out-
lining the tube banks to further aid in illustrat-
ing the arrangement of the tubes in the con-
denser. ‘

Each tube bank is formed with the tubes ar-
ranged in the same but opposite manner as
clearly shown in Fig. 4. The tubes are arranged
to provide transverse rows of tubes radiating
substantially from air baflles 19 toward the cen-
tral and upper portions of the shell, these radi-
ating transverse rows of tubes being indicated
by the numeral 22 referring to the transversely
extending and radiating ~ center lines. The
transverse center lines 22 for the tube rows at
the bottom of the condenser bank incline in-
wardly and downwardly to a slight extent and
then as the rows progress upwardly the center
lines 22 radiate inwardly and upwardly until
they extend in a vertical relation adjiacent the
upper portions of side walls 2 of the shell. These
radiating center lines 22 for the transverse rows
of tubes start with an intersecting curved center
line indicated at 23 and extend inwardly to the
center line 24 defining the shape of the inner
face of the condenser banks and the centers for
the inner row of tubes. ’

For example, in a typical full-sized condenser
constructed as illustrated in the drawings, the
centers for the condenser tubes along the line
23 are spaced an inch apart and the tubes will
be spaced successively greater distances apart,
progressing outwardly to the inner face of the
condenser bank along the intersecting curved
center line 24 where centers of the tubes will be
spaced approximately one and nine-sixteenths
inches apart. This provides tapering steam
passages through the condensing zones arranged
in substantially radial relation extending toward
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"Whmh are’ gradually reduced in size ! from ‘the
‘inner’ faces ‘of ‘the: tubeﬂbanks until-the'passages
‘réach “a ‘minimuam §iFe : at ‘the céntér line '23.
‘Between “the ' center "lide 23 'and “the “Side “and
outer-hottom: portlons of ‘the shell ‘the ‘tiibe pét-
‘tern indicated by the ‘cénter ‘lines 1ntersect1n<7
at "tight 'angles “as findidated ’ at 125 ‘ahd: 138 “dre
arranged in ‘right ‘angtlar ‘feélation ‘to show 'a
‘spacing “betweeén tubea ‘oncenter in both direc-
‘tions ‘of ‘‘orie ifich théreby being 'equal to “the
mnnmum spacing’along center line'?3.

“A-'grotip of condenser tubes in éach bank. Dass
J:hrough the condenser Between air bafies §9and
“shell ‘side portions 2-above ‘entrance 20'to form
an ‘air‘cooler having the tubes arranged slightly
closer-together’ as shown by the ‘group 'of inter-
sectine center lines- showmg the positions of the
tube cénters‘as indicated at 27. The angle be-
tween intersecting center lines 1nd1cate‘d at 28 is
60° and measured-along each of the intersecting
center lines the tube centers-are spaced approxi-
mately one ‘inch -apart in-a typical condenser
‘thereby bringing the tubes slightly closer togethér
in the air cooler section than'in'the portions in-
dicated by numerals 25 and ‘26 by reasoh of the
‘acute‘angular relation 6f the center lines.

The tube banks have the intersecting curved
center lines 23 and 24 in the upper portion of the

‘condénser ‘arranged in concentiic arcuate rela- igp ‘Gl

‘tion with the radius of each center'line having'a
“center at 29 on the hériZontal eenter line through
the condenser én ‘which ¢center 4'is located. The
radius from center: 29 to center line 24 in a typi-
cal condenser is twenty -seven incheés, Below the-
center line on which center 29'is located, the cen-
“ter lines for the tubes bétwéen center liries 23 and
24 extend in spaced parallel inclined relation to-
ward the bottom central portion of the condenser
at an angle of five'degrées' to the vertical center
line through the typical condenser. - The ¢enter
line 24 defining the inner face of the tube bank
curves outwardly at the top on éach side for each
condenser tube bank toward the upper edges ‘of

side Walls 2 and beyond the vértical’ plane through "4

centers 29, these ‘center:lities 23 and (24 “are 'in
spaced parallel horizontal relation with center
“Hnes'2& te¥minating at the top ‘edges ‘of ‘the'side
~walls. In the typical ‘condenser the distance be-
tween centers'd and’29 is thirty-four inches'and
from center 29 to the outer vertical transverse
center: line is twelve iriches.  ‘There is a‘partial
"row of tubes spaced inwardly otie inch from line
24 located at the top portions of éach tube bank
"as shown in Fig, 4.

The condenser tube banks’ have the'inner face
-formed by the inner t¥ow of tubes along centel
‘lines ‘24 terminating in- spaced relation to sich
other on-opposite sides of the vertical eenter line
through the condenser shell with the tiibes at the
bottom central portion of the banks termidating
“in' spaced relation ‘above the bottom of the shell
to providea narrow ‘throat portien at:38. 'The

‘tubes at the-bottom of the condenser baunk are -

‘arranged to-provide an:ocutwardly and tapering’
bottom: portion to the tube bank indicated at 31
below throat 30 on each side thereof forming a
condensate reheating chHamber32 having: throat
38 communicating therewith. Reheatirig chamber
32 -extends across’the' bottom ‘of the-condenser :
~under the bottom portions of both tube-banks and
on opposite sides of:throat +30. The reheatirig
‘chiamber-32 ‘extends »uniformly throughout:the
‘length of the shell'bétween” tube’sheets: {5. “The

G50 downw

HH the sheil.

B
‘plirality of apertures'33 in‘longitudinally extend-
‘ing ‘reldtion.

The'width et thetthroat: ‘portion 80 at the bot-
toim portion betwesn the condenser banks'is equal

fi5 ‘to apbroximately ofie-twelfth of the width of the

“tondénser banks'at tlie top of the condenser, that
‘is “the ‘over=all dimension “as shown, equalling
‘ninetyisix and three’ Yuartérs inches in the typi-
‘calicondenser. “The oOpéning between the con-

H0 - densér banks féring'a funnel-shaped lane in ¢ross-

section extending! Tongitudinally throughout the
lerigth -of the'sHell between'the tube sheets. The
“¥pper éhd of ‘this‘lane dpens into a' wide space
‘extending to tHe Upbér edges of the side walls so

ii5 that'the top portion of 'the ¢ondenser is épen to

prowde for the “steam entering through inlet 7
‘éxpanding ‘outwasdly to the upper edges of the
‘side*walls "tinder “the inclined top wall sections
~§-and '8 to fill: the ‘t6p portion of the condenser

g - above the tube banks: ‘with steam expanding from

the' elongated HATTow! 'inlet. The stéam can then
“pass’ downwardly ‘through the stéam lane with
only “a’simall : portlon passing through narrow
‘throat portion “30 ‘into condensate reheating
S chamber 32
A “spacetis Teft: bétween the inner face of air
baffles 19 and the condenser’tube banks to pro-
vide ‘air “lanes 'for ‘the 'air and steam drawn
! tigh the condenser tubie hanks to follow down
gf7the finner surfages-of ‘air bafles 18 into the
“openings 2874t 'tHe lower ends thereof. A plu-
frahty of “inverted “v-shaped defléctor ‘strips ‘34
fure ‘motitted: along’ the 1oweér inner edges of air
‘baffies {97 for déflecting feondensate! ‘dAripping on

‘35 'and Tiowing ‘down’the baffles to' the opposite sides

‘tHéreof for ‘eliminating interferetice with the op-
“eration of! the suction ‘or vacuum in the intericr
au' ‘mafifolds.

THe mannér-of securing the ends of condenser

40" “fubes’ in“the’ tube sheéets (5 is not illustrated be-

“eause’ conventlonal methods ‘well-known in the
fartiare used for-this plirpose.

‘A ¢asing 35 encloses the bottom central ‘portion
of the ‘ondenser to'provide a hot: well for re-
condensa,be ﬁowmg dewrwardly “thiough -
the 'éoniderniser: shell"and-tHrough ‘opénings’ 83.

The condenaer tube banks form the condensmg
hke are condensed 1nto Tquid folm Whlch flows
a,rdly and drops from one tube to the next,
Tike'radin, "The condensate drlps from the upper
“tUbés nedri the side ‘walls' 2 on bafles {9 and then
through the16wer tubes through reheating cham-
‘Her 82 xand on* the ‘bottom curved portion -3 of
‘All"of the’condensate flows through
1ehea‘cmg chamber 32 to! openlngs ‘33 where the
coadensate passes‘into” tasing35 forming a hot

well'on the bottom: of the shell.

“Hot" well casing '35 is ‘provided with a plurality

tgy "Of transvérse baffles*3T formed with pérforations

&8 of varying size arranged in alternate relation
in‘successive partitions. ‘Apertures 39 are formed
“in’ the lower: édges of ‘partitions 37 to provide for
‘the’ dralnmg ‘of the éondensate ‘toward ‘cutlets

g5 F4p” constlucted for“the 'attachmeént of suitable

“outlet: pibes to 'drain 'off condensate from the hot
“well. "The hot well ‘is"provided with 'a manhdle
‘cover 4i detachably mounted over an opening
in’therside’of ' oasitg '35 that may be removed

70 “When “désived’ to obtain aécess to the interior of
“the hot Well“aAd" the ¢oHdensér” casing through
opemncfs 33

‘equalizer’ pipes 42-are formed to ex-
“teHd arolifid the ‘oliter dpper portions of the con-

“bottom: of :the -condenserishell is: formed “Withba * 75 taéRser shall*and o ¢ omminicate ' with  the in-
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terior air manifold on opposite sides of the shell
to provide for equalization of the vacuum in the
manifolds. An air outlet connection is provided
at 43 having communication with the interior
air manifold at the right side of the shelf as
shown in Fig. 3, so that a pipe connection can he
made to air outlet connection 43 for connecting
it with a vacuum pump or ejector designed to
create the desired amount of vacuum in the in-
terior air manifolds to secure the desired opera-
tion of the condenser. A plurality of pipe sec-
tions 44 are mounted in spaced relation at oppo-
site sides of the bottom center portion of the
condenser shell and communicate with the side
portions of the compartments in hot well casing
25 between the various partitions 31, for venting
the sides of the hot well into the shell so that
the vacuum in the manifolds will maintain effec~
tive operation on the vapor in the hot well with-
out interference from the condensate running
into the hot well.
ahove the inner bottom face of the shell so con-
densate cannot clog the openings therein,

A gauge glass of conventional form may be
provided on one side portion of casing 35 for in-
dicating the level of condensate in the hot well
as shown in Figs. 3 and 4.

Water boxes of substantially conventional con-
struction are provided on opposite ends of the
condenser, a combined inlet and outlet water box
being indicated at 45 and the return water box
at 46. Water box 45 has inlet 47 at the bottom
portion of the water box while the outlet 48 is
at the top side portion as clearly shown in Fig. 3.
Collar bolts 18 are used to detachably secure water
box 45 in sealed relation against the tube sheet
I8, as clearly illustrated in Fig. 5. Water box 45
has a central horizontal partition 49 extending
therethrough for dividing the water box into inlet
and cutlet chambers while return water box 4%
does not use a partition. This provides for the
circulation of cooling water or other fluid into the
bottom of water box 45 through inlet 47 and then
through the lower group of tubes in both banks
to return water box #6. The fluid then travels
upwardly in return water box 46 to the upper
group of tubes in both tube banks and through
them to the upper chamber in water box 45 and
then out through outlet 48. A cover B0 is bolted
on water box 45 to close the end of the box in
the usual conventional manner. Cover 50 is
provided with a plurality of manholes, having
covers 5{, also of conventional construction, in
arder to provide for access to the interior of the
water box and the tube sheets. The return water
box is constructed in a similar manner, well-
known in the art. Supporting brackets 52 are
mounted on the outside lower central portions of
the condenser shell to provide supports for mount-
ing the condenser in the location in which it is
to operate.

In order to guard against the passage of steam
or other vapor downwardly between the inner
faces of side wall portions 2 of the shell and the
outer row of condenser tubes, deflector strips 53
are secured in inwardly and downwardly inclined
relation on the inner faces of the upper portions
of side walls 2 as clearly shown in Fig. 4, and
extend longitudinally throughout the length of
the shell. These deflector strips 53 deflect steam
entering between the outside portion of the tube
banks and shell into the tube banks for condensa-
tion. In the central portion of the tube banks
it will be noted that there is an absence of tubes
in a transversely extending portion of the tube

The pipe sections 44 extend’
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‘banks in horizontal alighment with partition 49

in water box 45. 'The use of the partition in the
water box prevents tubes from being mounted in
this portion of the tube sheets thereby leaving a
transversely extending space between upper and
lower portions of both tube banks. To prevent
steam or other vapor to be condensed from pass-
ing through the condensing zone without con-
tacting with the tubes in the banks, a plurality
of longitudinally extending baflle plates 54 are
mounted in spaced parallel relation on rods 86
extending in transverse relation in the shell with
opposite ends secured to the upper portions of air
bafiles 8. Plates 54 are also engaged in slots
and secured in support plates 18. Plates 54 block
the passages in the tube banks so that steam or
other vapor entering the same will be deflected
into contact with the tubes in the banks and sub-
jected to the condensing operation of the con-
densing zone.

The condenser herein disclosed is adapted for
operation with steam turbines of all sizes includ-
ing turbines used on ships for propulsion as well
as large steam turbines used for industrial pur-
poses. It is customary to mount the turbine over
the condenser with the exhaust end of the turbine
secured to the condenser inlet fo directly dis-
charge steam from the turbin into the condenser
inlet. The condenser is tightly sealed at all
joints to prevent leakage of air or cooling fluid
into the inside of the shell. In operating a con-
denser of the character shown in the drawings
with a steam turbine it will be understood that
the steam exhausting from a turbine into inlet
1 is being received in inlet T at high velocity and
in substantial quantities. A high vacuum is
applied to the interior air manifolds which results
in the high velocity steam entering into the fun-
nel-shaped lane at the top of the condenser and
by reason of the inclined tcp wall sections the
steam spreads out within the top of the condenser
over the tube banks. Steam entering the central
portion of the condenser through inlet T flows
downwardly at high velocity into the narrow por-
tion between the tube banks in the central portion
of the shell and has rapidly decreasing velocity
as it flows through throat 38 intc condensate
reheating chamber 32, As the steam passes down-
wardly through the lane the vacuum in the in-
terior air manifolds operating through the con-
denser banks causes a large volume of the steam
to be drawn laterally through the radial passages
between the transversely extending rows of tubes
and into contact with the surface of the tubes
maintained at a cold temperature by the cooling
water circulated through the water boxes from
the inlet to the outlet. This causes the vapors to
condense on the tubes. The arrangement of
the tube banks with the tubes in the pattern as
hereinabove described provides an efficient con-
denging structure for rapidly condensing large
volumes of steam. The condensed steam falls
like rain through the condensing zone until it
reaches the bottom where it flows into and passes
through condensate reheating chamber 32 and
into casing 35 forming the hot well. Steam pass-
ing downwardly through throat 30 into con-
densate reheating chamber 32 also passes through
cpenings 33 intc the hot well. Since there is no
outlet for the steam at the bottom of the con-
denser the small portion of steam passing into
condensate reheating chamber 32 and the hot
well will have the velocity reduced to a substantial
extent and converted into building up pressure in
the condensate reheating chamber greater than



the bressure.of .the. steam at-the inlet.end of,the,

condenser This prov1des for. mcre
perature in. reheatmg chamber 32 s

g the. tem-‘

n

densate, passing through. condensate. reﬁeetmgi

chamber 33 will-beheated to-a temperature which:
has been found to be higher- than the temperatul 8.

of the steary entering at theinlet. Steam eatering,

reheating chamber; 32 ‘rhrough throat 38, turns,
outwardly. in both directions. into the: tube bauks
in the condensing zone under- the suction. created
in the interior air manifold.and by reason.of-the
inclination of the rows of tubes.at the:bottom.of
the tube banks shown as inclining inwardly. and
downwardly and having passages. between  the
rows of tubes gradually. decreasing in.size.from
the inner face of the tube banks outwardly toward
the vacuum channels is. drawn toward: the.tube
banks. The steam therefore curls back under the
bottom of the tube banks: and:is condensed:as.it
flows through the conde:nsing zone toward open-
ing. 28.into the air cooler, Pipe-sections: 44. also
provide for:the vacuum in the interior:air. mani-
fold drawing steam.and:air from-the.upper por-
tions of hot well casing 85: in. malnta,mmg ef-
fective operation of the. vacuum in: all: parts of
the condenser.

In all steam systems there is a certain percent-
age of air mixed with the steam vapor and:in the
operation of a condenser.such as herein:shown
and described the steam will be substantially en-
tirely condensed: in passing through the. con-
densing zones. Any. remaining  steam and: air
that passes through the tube banks into the:space
between the banks and baffles. 19 will Sow. down-

wardly along the inner faces of:the bafles and 3

through the openings 20:at the lower ends.of the
air. baffles into-air cooler tube banks.21. The air
will be cooled and any steam, the saturation com=
ponent of the air, and other condensable products

will be. condensed in his air cooler. section while -

uncondensable gases such as air.will pass. through
the air cooler unit and be substantially cooled to
reduce its volume and temperature to as.near the
cooling fluid temperature as possible, whereupon
it will pass into the.interior. air:manifolds and

then subsequently be evacuated through air-out-

let 43.

The condensate passes from the condensate re-
heating chamber 32 through openings 33:into the
hot well and is drained off through openings 39«n
the bottoms of the partiticns and through the
outlets 48 for return to the: boiler to:be; recon-
verted into steam.

In a typical installation of a condenser as shown

in the drawings and hereinabove described, with 5:

steam entering the condenser at the inlet at . a
temperature of 70° ., and a vacuum. of 29.26
inches of mercury, at the top of the coridenser
shell, a steam pressure of .74 inch of mercury
was measured at the steam inlet. A pressure of
1.63 inches of mercury was measured in the.con-
densate reheating chamber 32 and:the condensate
was heated to a temperature of 80° F. Steam
was being condensed at an approximate volume

of 71,000 pounds per hour while circulating water ¢

was pumped through the condenser at- the rate
of approximately 15,600 gallons per minute en-
tering at o temperature of 46° F. Many exam-
ples of this character have been’ recorded 'in the
operation of condensers of the character dis-
closed herein connected to the main turbines on
merchant ships and it has been found to be a
rather common occurrence to find-that the con-
densate is reheated in the condensate reheating
chamber to.a temperature approximately, 10°
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higher. than the temperature of. the steam at.the

inlet. T, will, therefore e understood tha

) suierable 1ncrease in efﬁmency is. obtame ] ‘the

opetatlon of. the. present condenser over many\
5 varieties.of. condensers. heretofore known . in. the
art. where.if, has been found most, driﬁcult to ‘pre-
vent excesswe sub -cooling. of  the condensate to
temperatures more, than 1¢ F. below the, tempem-
ture of the steam, at theinlet.

‘The arrangement of the tube rows,in.the tube
ba,nl_sm,,tlje shaping.of the tube, Jbanks in, prov1d1ng
the fulmel-shaped lan,e,m the, central portion of
enser shel iith a, long narrow. portion
uf. &, substa,ntlal part of, the
and gettmg gradually narrower
30 near the, hottom of the, tube
cfr'k,s w1th the wxdth of, the space between the
enser hanks formm -the, steam lane, propor-
L' 1mately onef-twelfth of the, over-
h oi uhe, condenser banks provide.a co-
2. C enselfstructure herem dis-
n the format ), of the, leheatmg cham—
the. bottom of, the condenser. for, obtammg
grease in ,eﬁiclency of o ion of, the con-
s to prov1de the. condcnsate heated ‘to g
' temperature than that of the steam enter-
ing at the 1n1et
wvﬂ Je, understood that .condensers designed

; »nth the, dlsolosure heérein Jmay., also
i I ion for condensmg vapors‘ of. other
types than steam where a, sumlar S g, In heet
with, th.e increage, of eﬁ”lc1eney ‘obtained. may he
fou useful.
mventmn claimed is:

1 A steam .condenser, comprlsme a,shell, hayv-
ing a st eain inlet af, the, top, and a, condensate
cutlet. at, the bottom, an 1nterxor air. memfold
sideof said.shell in the. centre s
of condenser tube banks mo;untedun
ach bank, extendlnn between the e:qu
ell, along one side, substantlally. filling
ald side of. szud shel from the, top ‘1o the bottom
p01 tlons thereof .an °xtendmg about: the adja-
cent. alr mamfold to. promde a, sub,stantra,l tube
bank sectlon in. all dlreotxons, inslde. said shell
from said air.m mfold through which steam must
pass towud said; mamfold each bank bemg
fm med,of 9, plurahty of. spaced parallel condenser
tubcs hfwmcr a. cross-ssct ona.l patte:xn wherexn
) each tube, hes m -a, transver row,.and, also in an

1ntersect1ng TOW, the tran sVerse.. tube: rows radb

ating:from said alr, memfmds to prowde tapeung
steam : PASSABES. emendmg transyersely through

16

15

30

the. vertxcaL ntlal plahe ofy sa,kd shell and the
upper ends of said mtorsectmg tube: Ws. curving
outwmd;y in conceutrlc spaced, relation. 'nto sub-

A poriions. where said. ir
secttngvtube\ rows en'? adjacent; the ‘Upper . 1nner
sides; of saig shell said. tubc Jhanks. bemg spaced
apart- in: the; centra] portion; of: said, shell and
cooperating: to:. 8 centrel funnel-shaped
having.a, widecupper portmn curving
inwardly ahout: :the innerfaces of isaid tube.banks
into a:narvowand.dew uwardly extending passage
in the.central portion:to the:bottom: of:said:shell,
saidcbianks. being. formedi to; provide. outwardly
tapering lower.inner; portloms at. the.bottom of
said:shell for. cooperation therewith.to.form g
centralicondensate reheating: chamber, under: the
lowerinner. portions of:said banks, saidtube banks
and;shelk providing: the-only means, forming said

70
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reheating chamber in said shell, and said tube
banks providing the only obstruction in said shell
between said reheating chamber and air mani-
folds whereby said shell and tube banks cooperate
to condense steam in all parts of said banks and
provide a higher steam pressure in said conden-
sate reheating chamber than at the steam inlet
for heating condensate passing therethrough to
a higher temperature than the steam temperature
at said inlet.

2. A steam condenser comprising a shell having
a steam inlet at the top and a condensate outlet
at the bottom, a pair of interior air manifolds
each located along one side of said shell in the
central portion, a pair of condenser tube banks
mounted in said shell, each bank having a plu-
rality of tubes extending between the ends in
spaced substantially parallel relation and sub-
stantially filling said shell along one side from
the top to the bottom portions thereof about the
adjacent air manifold to provide a substantially
uniform tube bank section in all directions from
said air manifold within said shell through which
steam must pass toward said manifold, each tube
bank having a cross-sectional pattern wherein
each tube lies in a transverse row and an inter-
secting row, said transverse rows at the lower end
of egch bank extending inwardly in radiating
relation from the adjacent air manifold to pro-
vide substantially radial steam passages trans-
versely through each bank of progressively re-
duced size from the inner edge of each bhank
toward the adjacent air manifold, said intersect-
ing rows of tubes at the lower end of each bank
extending in spaced parallel relation inclined at
a small acute angle to the vertical central plane
of said ‘shell, said tube banks being in spaced
relation at the central portion of said shell with
the innermost intersecting rows of tubes cooper-
ating to define the inner face of said bank and a
central steam lane of gradually reduced size pro-
gressing toward the bottom central portion of said
shell, said tube banks having outwardly and
downwardly inclined lower inner portions for co-
operation with said shell to form a central con-
densate reheating chamber in the bottom of said
shell extending under the lower inner portions
of said banks, said tube banks and shell cooper-
ating to provide the only means forming said
reheating chamber, and said tube banks forming
the only obstruction to steam passage between
said reheating chamber and said manifolds,
whereby said shell and tube banks cooperate to
condense steam in all parts of said banks and

provide a higher steam pressure in said conden- ¢

sate reheating chamber than at the steam inleb
for heating condensate passing therethrough to
a higher temperature than the steam tempera-
ture at said inlet.

3. A steam condenser comprising a shell hav-
ing a steam inlet at the top and a condensate out-
let at the bottom, a pair of interior air mani-
folds each located along one side of said shell in
the central portion, a pair of condenser tube
banks mounted in said shell, each bank extend-
ing between the ends of said shell along one side
substantially flling said side of said shell from
the top to the bottom portions thereof and ex-
tending about the adjacent air manifold to pro-
vide a substantially uniform tube bank section
in all directions from said air manifold through
which steam must pass toward said manifold,
said tube banks defining conderising zones in op-
posite sides of said shell extending inwardly to
the central portion thereof and cooperating to

(3

10

15

20

25

30

40

60

-1
%13

12

define a central funnel-shaped steam laneé ex-
tending between the sides at the top of said shell
and tapering inwardly and downwardly into a
narrow portion between said banks opening he-
tween the bottom portions thereof, said shell
and tube banks being the only means arranged
in spaced relation at the bottom to form a con-
densate reheating chamber below said condens-
ing zone having the lower end of said steam lane
communicating with the central portion there-
of, whereby high velocity steam will pass through
said steam lane into said reheating chamber and
provide increased pressure therein for heating.
condensate from said condensing zcne passing
therethrough to a higher temperature than
steam entering said steam lane at said inlet while
steam will pass outwardly from all portions of
said steam lane and reheating chamber through
said banks of condenser tubes forming said con-
densing zone for condensation.

4. A steam condenser comprising a shell hav-
ing a steam inlet at the top and a condensate
outlet at the bottom, a pair of interior air man-
ifolds each located along one side of said shell
in the central portion, a pair of condenser tube
banks mounted in said shell, each bank extend-
ing between the ends of said shell along one
side substantially filling said side of said shell
from the top to the bottom portions thereof and
extending about the adjacent air manifold to
provide a substantially uniform tube hank sec-
tion in all directions from said air manifold
through which steam must pass toward said
manifold, said tube banks defining condensing
zones and substantially filling the side portions
of said shell and terminating in spaced relation
to each other in the central portion of said shell
to form an upright funnel-shaped steam lane
having a wide upper portion extending inwardly
into an elongated narrow vertical central portion
converging in inclined relation to a narrow
throat at the lower portion between said banks
having a width of approximately one-twelfth
of the total width of said banks, said tube banks
being formed at the bottom central portion in
cocperation with the bottom of said shell to pro-
vide a condensate reheating chamber and form-
ing the only means to provide said longitudinally
extending condensate reheating chamber having
said steam lane communicating with the central
portion thereof through said narrow throat,
whereby high velccity steam will pass through
said steam lane into said reheating chamber
and provide increased pressure therein for heat-
ing condensate from said condensing zone pass-
ing therethrough to a higher temperature than
steam entering said steam lane at said inlet.

HAROLD M. GRAHAM.
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