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1

This invention relates to improvements in
steam power plant equipment and more particu-
larly to improved condensing and deaerating ap-
paratus for such a plant. A steam power plant
employing & furbine normally includes, in addi-
tion to a boeiler or steam generator, a series of
feed water heaters and a surface condenser for
the exhaust steam from the turbine. Steam con-
densate is conducted from the hot weil of the
condenser through the feed water heaters in
series and returned to the sgieam generator.
Within the heaters the condensate is heated by
steam which is fapped from one or more stages
of the turbine. Such steam is condensed in its
passage through the heaters, and the condensate
is also returned to the steam generator. This
condensate, together with make-up water, as re-
quired for the generator, should be deaerated be-
fore introduction to the generator and it is cus-
tomary to provide a separate deaerator unit for
that purpose. The deaerated water is pumped
from said unit through one or more heaters to
the boiler and it is offen required that the unit
be mounted at a high elevation above the pump
in order to afford sufficient head to ensure prop-
er operation of the pump. Such a unit with its
mounting and connections is an objeciionably
costly part of the power plant eguipment.

An important object of the present invention is
to provide for satisfactory embodiment of de-
aerating apparatus for the heater condensate
and/or the make-up water in the surface con-
denser unit and thereby simplify the plant equip-
ment and redice its cost.

A further ohject of the invention iz to provide
5 combined steam condensing and deaerating ap-
paratus devised to obtain agvantagecus coopera-
tion of condenser features with the deaerating
means.

A still further object of the invention is to pro-
vide an improved condensing and deserating unit
wherein one or more deaerating devices are lo-
cated at the exhaust steam inlet passage of the
condenser and are subject to the same vacuum
or low pressure condition as that existing within
the condenser and wherein the ususal air-offtake
means of the condenser is made to serve for ex-
hausting the air from a charge of condensate
from the feed water heaters and also from make-
up water, and wherein the deaerated charge is
conducted to the hot well of the condenser.

Further objects and advantages of the inven-
tion will appear from the following description
taken in connection with the accompanying draw-
ings.
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In the drawings: -

Figure 1 is a vertical sectional view of a con-
denser unit embodying the invention, the sec-
tion being on the line {—/ of Figure 3;

Fig. 2 is a diagrammatic view of a portion of a
steam power system embodying the invention;

Fig. 3 is a vertical section on the line 3—3 of
Fig. 1, on a reduced scale and partly broken away;
- Fig. 4 is a view similar to Fig. 1 showing the
invention embodied in a condenser having an in-
let passage arranged to deliver the steam later-
ally to one side of the tube nest; and

Fig. 5 is a vertical section on the line 4—4& of
Fig. 4.

The structure of the condensing and deaerat-
ing unit shown in Figs. 1 and 3 includes a cylin-
drical shell | horizontally disposed and formed
at its upper side with a dome portion 2 which
provides an inlet passage for exhaust steam from
the turbine and also provides support and hous-
ing for deaerating devices which will be de-
sceribed hereinafter. The dome is rectangular in
horizontal section and has opposite side walls 3
which are vertical for most of their height and
extend tangentially upward from the body of the
shell, as shown in Fig. 1. These walls have up-
wardly converging upper portions 3a¢ which ter-
minate in vertical portions 3b. Opposite end
walls 4 of the dome converge upwardly for most
of their height and terminate in vertical portions
similar to those 3b of the side walls and form
therewith a frame for connection with the ex-
haust opening of the turbine.

The opposite ends of the shell are flanged and
have secured thereto respectively, tubs sheets 5
and 6 and water boxes 7 and 8. Tubes 9 connect
the tube sheets and are arranged in a nest com-
prising two equa: banks formed and spaced to de-
fine therebetween a vertical central lane i8. This
lane tapers downwardly and is fiared at its upper
and lower ends. Water hox 7 has a vertical, dia-
metrically disposed pass partition I and . two
nozzles {2 and {3. Referring to Fig. 1, the nozzle
12 admits cooling water to the compartment at
the left of the pass partition for flow through the
tubes of the left-hand tube bank to the water box
8 and thence in reverse direction through the
tubes of the right-hand bank to the water box
compartment at the right of the partition and
out through the nozzle {3. Thus, the condenser
is a two-pass one but the number of passes may
be varied by appropriate arrangements of pass

_partitions and nozzles.

Each tube bank has an air-offtake baffle 14 ex~
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tending inwardly from the shell and downwardly
inte an intermediate portion of the bank. An
air-offtake nozzle {5 is attached to the shell and
leads outwardly from the space beneath the pafile
15 of the left-hand tube bank, with reference to
Fig. 1. A steam jet ejector {6 is connected to the
nozzle 15 to maintain & desired vacuum. Said
ejector may deliver to the usual inter-and-after
condenser combination, not shown. Offfake
ecualizing pipes {7 lead from the space beneath
the baffie £ of the right-hand bank, over the
upper side of the end portions of the shell and
downwardly to the space beneath the left-hand
bafie {4 at a lower level than the offtake nozzle
15 so that non-condensible gases may be with-
drawn substantislly equally from both banks
through the norzle {8. .

Beneath the shell | there is a hot well {§ which

extends along the major portion of the shell

length and is of cuite substantial depth and
width to give it relatively large storage capacity.
Within the upper portion of the hot well there
are deaerating means for the condensate drained
from the tube bank. Such means includes a
pair of plates {2 extending horizontally the full
length of the hot well and secured thereto and
arranged in spaced vertical planes. These plates
define a steam passage which is a continuation

10

‘of the steam lane !9 between the tube banks.

-Along their lower edges said plates have oub-
wardly extending perforated shower trays 26 with
upturned outer edges. These trays terminate
short of the adjacent side walls of the hot well.
Two other perforated shower trays or decks 214

extend from the plates {9 to the adjacent side

walls of the hot well. At a level substantially
midway between the trays 20 and 2i, the oppo-
site side walls of the hot well bear perforated
shower trays 22 which exiend inwardly and termi-

nate short of the plates 19 and have upturned <

inner edges. All of said shower trays extend the
full length of the hot well, and are welded or
otherwise suitably secured to the adjacent walls
of the hot well and the plates {9. The upper-

most trays 21 have overflow down pipes 23 whose

Jower ends project into cup-shaped condensate
traps 24 to prevent steam from passing through
‘the pipes. Air offtake pipes 25 lead from oppo-
site sides of the hot well, at points hetween the
decks 21 and 22, tc the shell and open intc the
tube banks at points adjacent the lower edges of
the bafiies 14, The hot well has a condensate
discharge nozzle 28 leading from its lower portion.

Incorporated and coacting with the condensing

apparatus there is apparatus for deaerating a

charge of condensate from the feed water heaters
and/or boiler make-up water. This deaerating
apparatus includes a pair of deaerating devices
mounted within the dome along the opposite
side walls 8 and symmetrically arranged with
respect to a vertical central plane. Each of said
devices includes a plate 27 disposed in the verti-
cal plane of the dome wall 3b and spaced down-
wardly therefrom. Along its lower edge said
plate has an outwardly extending perforated
shower tray 28 terminating short of said wall
3 and having an upturned outer edge. At an
intermediate level in the height of the plate 217,
there is a perforated shower tray or deck 28

which extends from the plate to the wall 3 and .;

is provided with overflow downpipes 38 open at
-both ends. At a level between the tray 28 and
the deck 29 there is a perforated shower tray 2i.
This tray extends inwardly from the wall 3, termi-
nates short of the plate 27 and has an upturned
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jnner edge. The plate 2T and all of said trays
extend the full distance between the dome walls
4 and are welded or otherwisc suitably secured
to the walls 3 and 4 and the plate 21.

At the outer side of cne of the walls 4 there
is a pipe 32 to deliver the charge to the deaerator
devices. 'This pipe has two branches 838 each of
which extends throughout most of the length of
one of the deaerator devices within the chamber
defined by the dome walls and the plate 21.
Within each device the respective pipe 33 is spaced
above the tray 28 and has a row of spray nozzles
34 directed upwardly and outwardly toward an
impingement plate or wear plate 35 secured to
the wall 3a.

A pair of collecting troughs 38 for the deasrated
liquid extend along the inner side of the dome
walls 8 and underlie the deaerator devices. Xach
trough 38 is spaced downwardly from the tray
28 thereabove and exténds the full distance be-
tween the dome walls 4. The troughs are welded
or otherwise suitably secured to the dome walls
3 and 4. A pair of cross pipes &7 connect the
two troughs, near the ends therzof, and a drain
pipe 38 leads downwardly from each Crcss pipe
and through the lane (9 heitween the tube banks.
The end walls of the hot well extend vpwardly
into the shell and form weirs 8% which, together
with the end portions of the shell and the tube
sheets, define wells to receive the liquid irom
the pipes 38. The liquid overflows the weirs and
falls upon the shower trays 21 within the hot
well. Between said trays the walls of the hot
well are high enough to prevent overfiow of the
liguid into the space between the plates 9.
Within each end portion of the sheill there is a
vertical strip 49 welded or otherwise suitably se-
cured to the adjacent tube sheet and weided
along one of its vertical edges to the adjacent
drain pipe 38 to support the latier. A down-
wardly and outwardly inclined plate &1 is alsc
welded to the lower end portion of each strip éi
in @ position to receive the discharge from the
drain pipe 88 and direct it into the adjacent well.

Air offtake pipss 42 lead from the space be-
tween the trays 29 and 31 of each deaerator de-
vice within the dome. These pipes extend down-
wardly outside of the shell and open into it at
points adjacent the air-cooling tubes heneath
the bafiles 14.

In the operation of the apparatus, exhaust
steam passes from the turbine T (Fig. 2) into
the condenser, and condensate is withdrawn
from the hot well {8 through a pipe £3 and passed
in sueccession through the tube side of a drain
cooler C and a plurality of feed watler heaters
H, enroute to the steam generator, not shown.
Steam is tapped from one or more stages of the
turbine through pipes P and P! and passed %o
the shell side of the heaters ¥ respectively, to
heat the water flowing through the tube side of
the heaters by indirect heat exchange. Con-
densate of the steam within the heaters is passed
through a pipe 84 from one heater to another,
and through a pipe 48 to the drain cooler C and
thence through a pipe 46 to the pipe $2. This
pipe delivers said condensate to the deaerating
devices within the dome of the condenser.
Make-up water may be supplied, as needed, to
the system at any suifable point. For example,
it may, as shown, be supplied through a pipe M

_ to the shell side of the second heater .

5

The liguid delivered by pipe 32 will be passed
through the pipes 38 and, within sach deaerator
device, the liquid will be discharged through the
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spray nozzles 34. Usually, a vacuum ranging
Irom 26 to 29 inches will be maintained within
the condenser and this vacuum will exist within
each dezerator owing to the fact that samsz is
open, above and below its plate 27, to the interior
of the condenser. Since the liquid discharged by
the nozzles will, in meost cases, be hotter than
the steam passing threough the condenssr dome,
at least some of the discharged liguid will ke
vaporized under the low pressure within the de-
aerator chambers and the vapor will scatter the
unvapoerized portion of the liguid and thereby as-
sist in its deaeration. The lquid portion of the
charge will be further divided by showering from
tray to tray within the deaerators and be collest~
ed by the troughs 38. The vaporized portion can
escapre through the space ketween the uppser ¢
of the plates 27 and the dome wall 32 to the
stream of exhausi steam from the turhine. Steam
can also flow acrogs ths showers between the
troughs 85 and the trays 28 and also across the
showers between the trays and thus heat the de-
scending liguid. The plates &7 serve as shields
and prevent the water from being swept from the
trays by the inrushing stream of steam from the
turbine, Air will be withdrawn through the pipes
42 then across the condenser tubes under the baf-
fles {8 and out through the air off-take nozzle
{8 of the condenser. In some cases, as for exam-
plz, when all or a subgtantial portion of the
charge is make-up water, the charge may 1o
vaporize within the deaersting devices, due to
lack of sufficient heat within the chargs. W
ever, the charge reduced to a divided state
within the deaerators, will still ke subjected to
heating and deaeration both there and later with-
in the hot well.

The deaerated liguid of the charge ccllected by
the troughs 38 will be drained through the pipes
37 and 28 to the wells at the ends of the condsnser
shell and wiil flow over the welirs 38 to the shower
trays or decks 2!. Thers, the liguid will mingle
with the condensate from the surface of the con-
denser tubes and be showersd therewith from
trays 21, 22 and £8. Thereby, said liquid will he
subiected to further deaeration and the air will
be withdrawn through the pipes 25 to the tubs
hanks for exhaustion through the offtake nozzle
{5. The liquid will also he reheated within the
hot well, along with the exhaust steam con-
densate, by steam which passes downwardly from
the lane 8, through the passage between the
plates {8 and thence into contact with the show-
ers from the hot well trays.

The invention provides for efficient deaeration
of the liguid within a unit which also embodies
the condenser and provides for advantageous co-
operation of ths deasrating apvnaratus with fea-
tures of the condenser such as the air offtake fea-
ture, the condensate reheating feature, the con-
densate deaerating feature in the hot well and the
storage space afforded by the hot weil. The nead
for a separate deaeraiing unit with its owua stor-
age tank is eliminated with conseguent economy
in equipment.

As shown in Fig. 2, air within the heaters H may
alse be vented to the deasrating means within
the steam inlet passage of the condenser. For
that purpose, 2 line &7 leads from the shell of a
high pressure ona of the heaters to the shell of a
lower pressure heater, and a ling 48 leads from
the latter heater to one or both of the deaerating
devices within the condenser dome. Thence, the
air from the heaters is conducted through the air
offtake pipes to the tube nest aleng with the aie
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6 .
separated from the liquid charge delivered
through the pipe 22. The lines 27 and 48 are
provided with valves V to control flow through -
the lines.

Pigs. 4 and 5 show an adaptation of the inven-
tion fto a condenser unit designed for admission
of the steam from the turbine laterally to one
side of the tube nest instead of downwaxrdly there~
te. The condenser shell, designated ia, has con-
necting laterally extending portions or sections
£9 and 58 defining the steam inlet passage. Sec-
tion £2 may be infegral with the porticn 48 and
the body of the shell or it may, as shown, be
what is known as a ‘“transition piece” bolted, as
at 5§, to the portion 48 and forming part of the
steam delivery conneciion between the turbine
and the body of the shell. At any rate, the sec-
tion B9 forms, in effect, part of the condenser
unit. A pair of deaersting devices are located
within the section 5% and secured by welding or
cther suitable means to opposite vertical side
walls of this section. ;

These deaerators are, in general, similar to
those of the previously described form of the
invention, and similar parts are designated by
corresponding reference characters. Each de~
vice has opposite end walls 52 welded or ctherwise
suitably secured to the ends of the shower trays
28, 29 and 31 and %o the trough 38. These end
walls shield the trays and the showers from the
inrushing steam. A drain pipe 33 leads from
each trough 28 to a deaerating device within the
hot well {82. The hot well deaerator includes a
vertical wall B4 spaced inwardly from an opposed
wall of the hot well and defining therewith a
steam passage 55. Two vertically spaced, per-
forate shower trays 58 and 57 extend between the
opposite wall of the hot well and the wall E4.
The upper tray 58 extends clear across ths space
between said walls, and the lower tray 57 ex-
tends from wall 54 only part way across said space
and has an upturned flange along it free edge.
An intermediate perforated shower itray 28 ex-
tends from said opposite wall only part way
across sa2id space and also has an uptwrnad fange
along its free edge. All of said trays and the wall
858 are welded or otherwise suitably secured at
their opposite ends to the end walls 5% of the hot
well. Wall 54 has an gutwardly curved upper ex-
tension which forms a bafile 88 to divert part of
the entering steam into the hot well passage 5E.
The drain pipes 53 lead past the cpvposite ends
of the bafile 68 and discharge upon the upper-
most tray 58. The condenzate from nest of
condenser tubes 82 also drains upon s2id tray.
Any condensate which may collect within the low-
er portion of the inlet sections 48 and 58 will be
directed by a weir 84 past the onposite ends of the
bafile 69 and onto the tray &8.

An air offtake pipe 6! has ifs opposite ends
opening respectively, into the deaerator devices
within the section 58 of the steam passage, ab
points between the trays 29 and 3! of said de-
vices. A pipe 83 leads from pipe 62 to the oppo-
site side of the shell from the steam inlet and
openg into an air cooler section of the tube nest
partly segregated by a bafile 4. Another air off-
take pipe 6% leads from the space between the
hot well trays 8§ ang %8 to said air cooler sec-
tion of the tube nest.

The operation of the apparatus shown in Figs.
4 and 5 is quite similar to that of the previcusly
described form of the invention. The charge of
heater condensate and/or make-up water de-
livered by the pipe 32 will be passed downwardly

el
the
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through depending branches 32¢ to the pipes 33
and discharged through the spray nozzles 34 in
the deaerators. Alr will be evacuated from the
deaerators through the pipes §f and 62, the air
cooler section of the tube nest and the air off-
take nozzle {5 of the condenser. The deaecrated
liguid, heated by the steam of the inlet passage,
will be collected by the froughs 38 and drained
through pipes 52 to the upper tray of the hot well
where it will join the condensate drained from
the condenser tubes. Within the hot well, said
two liguids will be heated by steam diverted
through the passage 55. Air within said con-
densate and any air which may remain in the
liquid delivered by the pipes 53 will be withdrawn
through pive 58, the air cooler section of the tube
nest and the air offtake nozzle 15.

In the operation of either form of the appa=
ratus the make-up water may, if desired, be in-
troduced to the deaerators separately from the
heater condensate.

While the invention is disclosed as employed
in power plant service it may be employed ad-
vantageously in other services requiring surface
condenser eguicment and deaerating equipment.
It is, of course to be understood that the present
disclosure of ths invention is merely illustrative
and in nowise limiting and that the invention
comprehends such modifications as will fall with-
in the scope of the following claims.

In the claims, the word “steam,” except where
identified with a steam power system, is intended
to comprehend other vapors also, and the word
“air,” wherever it occurs, is intended to compre-
hend also other non-condensible gaseous media.

We claim:

1. The combination of a surface condenser unit
including a shell, a nest of substantially hori-
zontal condensing tubes therein, means for cir-
culating cooling water through the tubes, the
shell having therein an inlet passage for con-
ducting steam to the tube nest for condensation,
a hot well below the tube nest to receive the
steam condensate from the tubes, a deaerating
device within the hot well, and air offtake means
leading from a relatively cool portion of the tube
nest spaced from said steam inlet passage; and

deacerating apparatus integrated with said con- 5

denser unit and independent of the deaerating
device within the hot well and comprising a
chamber within said shell at said steam passage

and spaced from the hot well, a water delivery

conduit leading from outside of the condenser
unit, said conduit being in delivery communica-
tion with said chamber and free from water-
receiving communication with the condenser unit
to deliver to the chamber heated water from an
outside source, superposed, trough-like shower
trays within said chamber below the delivery
point of said outside water to discharge same
downward therefrom in succession in fine
streams, said chamber having a steam inlet be-
low said trays open to said steam inlet passage,
an air ofitake conduit leading from said cham-
ber at a level between the uppermost one of said
trays and the next lower tray, said trays being
arranged to cause serpentine flow of the steam
from said inlet crosswise of said streams, and
said air offtake conduit leading to said relatively
cool portion of the tube nest for passage of the
air to said air offfake means thereoi, a trough
beneath said trays and below .said steam.inlet
to collect the water discharged from the trays,
and a drain connection between said trough and
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the deaerating device within the hot well to de-~
liver- the water thereto for further deaeration.

2. The combination of a suriace condenser
unit.including a shell, 2 nest of substantially hor-
jzontal condenser tubes therein, means for cir-
culating cooling water through the tubes, the
shell having an inlet passage for conducting steam
to. the tube nest for condensation, a hot well
below the tube nest to receive the steam con-
densate from the tubes, and air ofitake means
leading from a relatively cool portion of the tube
nest spaced from said steam inlet passage; and
deaerating apparatus integrated with said con-
denser and comprising a chamber within said
shell at said steam passage and spaced from the
hot well, a water delivery ccnduit leading from
outside of the condenser, said conduit being in
delivery communication with said chamber and
free from water-receiving communication with
the condenser unit to deliver o the chamber
heated water from an outside source, superposed,
trough-like shower trays within said chamber be-
low the delivery point of said outside water to
discharge same downward therefrom in succes-
sion in fine streams, said chamber having a steam
inlet below said trays open to said steam pas-
sage, an air offtake passage leading fromn said
chamber at a level between the uppermost one
of said trays and the next lower tray and ex-
tending to said relatively cool portion of the nest
for passage of the air to said air offtake means
thereof, said trays being arranged to cause up~
ward serpentine flow of the steam from said in-
let crosswise of said streams, a trough beneath
said trays and below said steam inlet to collect
the water discharged from the trays, and a drain
connection between said trough and the hot well
to deliver said outside water thereto.

3. The combination claimed in claim 2 wherein
the said deaerating chamber has a steam inled
at the upper portion thersof open to said steam
iniet passage and the said condyit for delivery of
outside water has spray nozzles spaced therealong
to discharge the water into said chamber in the
presence of steam admitted through said upper
steam inlet. ’

4. The combination claimed in elaim 2 wherein
the said steam inlet passage extends downward
to the tube nest and the said deaerating chamber
is located above the tube nest.

5, The combination claimed in claim 2 includ-
ing ancther deaerating apparatus according to
the one claimed in said claim, the deaerating
chamkers of said apparatuses being located st
opposite sides of said steam passage.

8. The combination of a surface condenser urit
including g shell, a nest of substantially horizon-
ta] condensing tubes therein, means for circulat-
ing cooling water through the tubes, the shell
having therein an inlet passage for conducting
stcam to the tube nest for condensation, a hot
weil below the tube nest to receive the steom con-
densate from the nest, a deaerating device within
the hot well, and air ofitake means leading from
s ralatively cool portion of the tube nest spaced
from said steam inlet passage and in air-receiving
communication with said device; and dezerating
apparatus integrated with said condenser unit
and independent of the deaerating means within
the hot well and comprising g chamber. within
the shell at said steam passage and spaced from

the het well, a wafer delivery conduit leading -

from outside the condenser unit, said conduit
being in delivery communication with said cham-

5 ber and free from water-receiving communica-
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tion with the condenser unit to deliver to the
chamber heated water from an outside source,
superposed trays within the chamber below the
delivery point of said outside water to collect the
water and discharge it downward from tray to
tray in fine streams, said chamber having a steam
inlet located at one level of the space containing
said trays, and an air offtake conduit leading
from said space at a level substantially spaced
from the level of said steam inlet, said offtake
conduit leading to said relatively cool portion of
the tube nest for passage of the air to said air
offtake means thereof, and said chamber having
a passage to conduct steam from said inlet toward
said air offtake level and into contact with said
streams of water, a'trough beneath said trays to
collect the water discharged therefrom, and a
drain connection between said trough and the
deaerating device within the hot well to conduct
the water thereto for further deaeration.
GEORGE W. EVANS, Jz.
WILLIAM E. BROCKEL.
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