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_Speciﬁc&ti_oﬁ of Letters Patent.
Application filed July 28, 1904. Serial No, 218,444:,

Patented Oct. 15, 1907,

To all whom it may concern:
Be it known that I, Louis R. AL.BFRGER a; ¢cltizen of

the United States of America, and a rcstdent of the city,
| county, and State of New York, have Invented certain

pew and useful Improvements in Surface Condensers,
of which the following is 2 specification. -~

--""'--...

My present invention relates to the mndenﬂa,tton of

" exhaust steam from engines, steam turbines, and other

gimilar steam motors and to the production of 2 vacuum
10
ing partlcularly applicable to that class -of apparatus
- kmwn as surface condensers in which the condensation |

by the use of the dry vacuum system, the invention be-

s effected by the contact of the steam with Water—cooled

surfaces. © - - : :
15 -

"The object . of the invention is to promote the effi-
mency of condensers by providing a surface condenser

-having a very high efficiency; and furthermore to fur-
nish a condenser of high efficiency suitable for location’

~under 2 steam engine or steam turbine of Wthh 11 may

20

constitute the supporting base o1 frame. .

In a surface condenser the higliest efliciency can best
be obtained by bringing the exhaust steam and com-
mingled air inte-the condenser at or near the bottom,

and bringing the circulating water in at or near the top

of the condenser,’and causing the circulating water to

~ the incoming steam and air, the air being removed at

30

or near the top of the condenser by means of a dry

vaguum pump. There are situations, however, where
it is not conveniént to introduce the exhaust steam into

~ the bottom of the condenser, as for instance, in the case

395

40

45.

o)

of a stcam turbine, where to economize floor space and

to make the 'cannc ctions as short as possible, the con-

denser may be placed below the turbine and may even

- form the base on which the turbine rests. o
The invention therefore consists essentially in the

combination of a form of surface condenser in which the

steam and cmnmmglﬁd alr enter above, come in contact
with tubes containing m(}hnﬂ- water, by which the
stéam 1g partmlly mndonhpd, and 1n which form of con-
denser the stezun, air and water of condensation travel
in the samu duet-tum Wlth a form of surface condenser
in which the steam’ and ‘Commingled aiv enter below,

pdss upward and come into contact with tubes contain-

ing cooling water until the steam is entirely condensed,
the water ui condensation falling against the steam, and
the air being reinoved above, or at or near the top of the

condenser by a'dry vacuum pump. The cooling water

‘pass through horizontal tubeés exposed to the steam, and
causing the water of condensation to gravitate against

F—

may ¢nter at or near the top of the latter form of combi-

nation, leaving at or near the bottom, and enter the first

form of ithe combination at OF near the bottom and leave

at or near the top; or 1t may pass in two passes, first

through the latter form and then through the first form, | together by steam passiges 3;

T or in four or more passes, two or more times through each

form of condenser making up the Combm*‘htmn or it
may flow in parallel passes separ ately through each form

{ of the condenser.

It is obvious that Lhe steam may not entex exactly at

the top nor pass exactly in a vertical direction in either.

of the forms but may pass obliquely or laterally; the

object of the invention is, however, reached when the
steam entering at or near the top of the condenser is
- completely condensed into water which comes into con-

tact with the stcam before being.removed, and when
the air is cooled by tubes containing cool water imme-

- diately beIOIB beingremoved by the dry vacuum pump.
Thé invention consists further: mere 1 combining
! the two forms of condensers first referr ed to in one struc-

ture, or in cornnecting together two or more sections or
dWlslens so that they wﬂl jointly act like a single unit;

and also, the invention.comprises various details in
(. the construction, arrangement and combination of parts
| 'substantially as hereinafter described and claimed.

In the m..compa.nymg drawings - illustrating my in-
ventlion, I‘lﬂ'me 1 is a front elevation of a steam tur-
bine supported on my present improved surface con-
.denser, the latter serving as a base for the turbine and

70

75

being shown in transverse sectional view. Fig. 218a

top plan view of my improved surface.condenser with
‘the steamn turbine removed. TFig. 3 is a longitudinal
section with & portion in elevation. - Fig. 4 is a top
plan view of another form of my improved surface con-
denser. . Ifig. § is a cross-section of the same.
is a cross-section of still another form of the inven-
tion. ¥ig. 7 is a longitudinal section on the line z x of
Fig. 6. '

invention.
the same on the line z z of Tig. 8.
section of one form of the invention, and ghows in a
diagrammatic way the location and arrangement of
the vacuum pump, the cu*culatmg and the hot well
pumps. |

Fig. 9 1s a vertical lonfru,udlml sectlon of
Fig. 10 18 a cross-

Fig. 6

80

59

Tig. 8 is a cross-section of another form of the . .

90

Simailar numerals of reference designaie similar parts

throu ghout the different figures of the drawing.

A denotes a steam turbine, the detailed constructu::-n
-of which is not shown, as it is not necessary. This
turbine is given simply by way of ‘example in order

to illustrate how my improved condenser may serve

as the supporting base therefor. It will be under-
stood, however, that I am not restricted to any p:t.r--
tmular type of steam generator, but my condenser is
adapted to be used with all kinds of steam motors.
The frame of the condenser in the particular em-
‘bodiment of the invention delineated in Figs. 1, 2 and

3 of the drawings consists of two parts, shells, \sectmns ,

chambers, or divisions, 1 fmd 2 which are connected
.a:nd. water passage 6,

35
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~ strength =

- tign‘of exhaust steam and the production of a vacuum.
R The shells shmm are of rects, Hﬂ'lllal shape but they ob-
'.-1_5,3'.-Vmus1y may be -cylindrical or any other form.” The
right hand section 2 has at one end » chamber 5. pro-
;- vided .with'a water inlet 4, threugh which the cooling

" water enters. the appoaratus, and at the other end of

r L ]
'I.F_'.* .

20

chamber 7, ssid tubes presenting cold- surfaces, intp
- contact with which the steam comes during the proc-.
-ess of condensation.

25

30

35

40

that in this way the stoam is condensed, while the re-
. maining air and the uncondvnsal}le va,pnr leave ‘the

45

50

~ tom of said seetion, and the water of umdvnsatlon aftor- |

00

60 -

- grether removed from the bot tnm of the Hmdvnﬂf’*r bv a
| y

suitable ontlet, as; for instane: e,
bottom of the second section 2, or it may be an opening

5

“denser in which the steam enters at the bottom; so
. ' that the two formns hereinabove referred to are practi-
oo - eally con]omed for mutual operztion in the cnndensa--

. by & nest of water tubes 9, the chambcer opposite to
 chamber 7 connecting with the latter by the water pipe
6 (see. Fig. 2}, while the chamhel a2t the other end of

1on must- necessarily fall back against the exhaust

.-_m contact with thoe (ufﬂmt tubes.

so that the two parts sct as a single eondenser, this
division into sections heing desirable for the sake of
annd convenience of manuiacture and han-
dling. * One of the two parts, as 2, is provided with a
water inlet 4 at or neay the top ther euf at one end, while
the other part, as 1. is provided with a water nutlpt 10
at or near the top and at one end. The section 1 be-
longs to the form of condenser in which the steam'en-
ters at the top; the section 2 belongs to the form of con-

il

this section 2 is another chamber 7. Tie two water |
| chambew 5 and 7 are connected by a plurahty of tubes |
8 through whwh the water passes from chaniber 5 to

The laft hzmd section 1 is simi-
larly constructed with chambers &t cach end connected

section 1 is furnished with the water outlet 10 through
which the ¢ nnlmg waler leaves the apparatus.
The mixrure of steam and air from the. turbine A, or

‘10 otaer words, the steam to be condensed with which a I

certain amount of air is commingled, enters the ﬂpen-r-
ing 11 at the top of the left hand section 1 of my im-
proved condenser, flows downward to and in contact: |
with the cooling tubes 9 until ‘it reaches or nearly
reaches the bottom of the section 1, where it is directed
into the second s clion 2 through the steam passageas 3
(‘39{‘ Fig. 2) and comes in contact in the second section
2 with the cooling tubes 8 therein, which of course are |
pr ogrmwoly cooler as the water inlet is approached, so

condensing apparatus by a suitable pipe ‘connected to
the air outlet 12 and to a fhy vacuum pump, a3 75, as
indicated in Fig. 12. Theairoutlet 12 is sltuated at or
near the top of the seetion 2, having the same general
location as the water inlet.
the exhaust steam, while the laticr is traveling down-
ward through sedtion 1, obviously will fall to the bot-

wards condensed while the steam 15 traveling upwardly
through the section 2 over the cooler tulws in said sec-

stcam and be heated up thereby, so that it will have
tise highest possible (‘mpehume although it has heen
“There are therefore
two portions of water, one the water of condensation in
the first section 1, and the ntlier the water of condensa-
tion in the second section 2, wlmh Lwo portions arce to-

hot well pump, as indicated in- l*zn' 12, thrnugh sOme
an opening 13 in the

Théwater condensed from |

in the uuﬁum of section 1; and LhL Watel thua Jem{wod

368,350

1s at a temperature of the stecam with which it is in con-
tact and which closely appmxuna‘rps the temperature
~of the Incoming exhaust steam.

Referring now to Figs. 4 and 5, I show therem an-

- other form of the invention, by which, however, prac--
tically the same ends are attained. Here instead of

70 .

having two sections or divisions, one built according. = -

‘to what 1 have said of the first f0rm of eondenst,r which

has an upper steam inlet, and the other accordlng toa |

second form which has a lower steam inlet, I employi

two duplicate condensers or ‘condenser shells in each

one of which there is found a combmatwn of the Eald

first form in which the steam enters aboveand-the said
.second form in which the steam, enters helow and the air
| leaves ahwo

That is to say, each of these ‘duplicate

80

“condensers consists of a chamber - haﬁrmg a-top steam . -
inlet combined with a chamber havmg 2 bottom steam -

‘inlet;

In these Figs. 4 snd 5, 13 and 14 denote the two

shells, being similar in outer. a,ppearance to the con-. |

denser sections 1-and. 2. Although shells: 13 and 14

are rectangular in cross-section they may be cylindrical,

or have any other condenser forin. The ‘interiors of

3‘5.,.’2

these shells 13 and 14 are provided with longltudmal_;.-

a-top steam inlet, and the chamber 32 having a bottom

steam inlet; and said inclined partition 16 dividing the

shell 14.into two chambers 33 and 34, tt e chamber 33

bottom steam inlet. The inclined partltmm 15 and 16

“inclined partitions 15 and 16 extending from the top
on one side dowrfwardly to within ashort distahee of the
bottom, said inclined partition15 thus dwuhng the shell

13 into: two chambers 31 and 32, the chamber 31 having

90

95

- having a top steam. inlet and the chamber 34 having a

‘may be of any desired length and may project or liecina

variety of different ways.
afford a greater area to the steam inlet for the entrance
of the steam, at which time the volume 0‘[

‘the greatest.

the steam is
Consequently, these pa.rtltmm are pref-
erably connected to the condenser shell at the top on.
one side, so that the opening or steam in ¢t at the top..
can virtually be the. entire width of the shell, and said
partitions by occupying an inclined position cause the
width of the upper chambers to decrease frbm: the top

The object -thereof is to -

100

105

downward, while the width of the other chambeérs de-—_ -

creages from the, bottom upward.

- It should also be observed that the pa,rtztlona 15 andi
16 divide the tubes containing the cooling water, ‘the

110,

division being on.lines that are different from the di- -
visions into nésts or batteries, which latter (‘orrespond

to the passes required of the coolmg water back and
torth. In the chamber 31 is a group of water-cm}led

tubes 17; and in the Phamber 32 is 2 mmllar group’ of’

115.

watencoolad tubes 18; also in the chamber 33 is a group . -

of wator-cmled tubecs 19, and in the (Ihamber 34 19 9

group of water-cooled tubes 20,

At one end of cach of the shells: 13 and 14 is a chamber 126
28, and at the other end two chambers, an upper one 29 -
‘md a lower one 30, mld chambers 29 and 30 being sepa- -

rated by a houmntal partition.

This arrangement of

the end chambers oives two passes to the cooling water -

through these condensers 18 and. 14 ang requires two

there may obviously be any number of nests to provide

125

nests of tubes, an upper and a lower, the upper nest . .-

| n.mmng from chamnber 29 to chamber 28 and the lower
nest from chamber 28 to chamber 30. Of course, thisis

merely an example of arrangement of the tubing, for

130'
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for any number of passes for the water. With the par- | exit, and then t]:uough the initial section, or the one
into which the exhaust steam and air ﬁrst enter, or it -

ticular quamrri_,mem specified, however 1t will be obvix
ous that the tubes 17 and 19, located in the top steam
inlet chambers of these duplicate condensers of which

we are speaking, will consist in part of tubes belonging

to the pass of the water from chamber 28 to chamber 29,

2ad 1n part of tubes belonging to the pass of the water
from chamber 30 to chamber 28: and furthermore that
e tubes 18 and 20, located in the bottom steam inlet
chambers will consist in part of tubes e extending be-
tween chamber 30 and chamber 28, and in part of tubes
extending from chamber 28 to chamber 29.
upper chambers 29 are connected together by a water

pipe provided with an inlet 26 (see Fig. 4), and the two
lower chambers 30 are connected together by a water

pipe provided with an outlet 27. (See Tig. 5.)

The cix culamnﬂ water which enters at the inlet mouth
26 flows first into the two upper ter minal chambers 29
and thence through the tubes running from chambers

the tubes 18, the upper portion of them; and also
ihrough some of the tubes 19, the upper portion of them,

and:some of the tubes 20, the upper portion of them, to
the opposite ends of the shells 13 and 14, where the wa-
tér will enter the chamber 28, whence it returns through

the remainder of the tubes 17 and 18 and 19 and 20 to )

the lower ter minal chambers 30 and has an outlet from
the condensing apparatus through the edvction mouth
27. Thus it will be seen that the tubes 17 and 19 which
occupy the top steam inlet chambers 31 and 33 .are

- progressively warmer from top to hottom, for the tubes
in the lower portion of these chambers 31 and 33 belong

to the second pass of the water and when making this
second pass it has been warmed to a certaln extent;
while the tubes 18 and 20 which oceupy the bottom
steam inlet chambers 32 and 34 are progressively cooler

from bottom to top, since the lower part of tubes 18 a,nd

.20 belong to.the second pass of the water, while the up-.
~per poriion beloag to the first pass; it being observed
that the partitions 15 and 16 so divide the tubes that.

this very desirable and novel result is attained. Steam

from the turbine A enters the shell 13 through the open-

- ing 21 and the shell 14 through the opening 22 and

45

9D

be

comes first into contaet with some of the tubes 17 and

SOING Ol the tubes 19, which belng connected to the cham-lf

bers 28 and befonging to the first pass of the water are
the coldest; and the steam courses downwardly in con-

tact with the tubes and. around the lower edges of the

partitions 15 and 16 until it reaches the tubes 18 and 20

and flows upwardly in contact therewith: the water of
Londvnsatmn tatling back into the bottom of the shells
35 and 14, while the air passes upwal.dly and out:

{hrough the opening 35 in shell 13, and 36 in shell 14,

the air being withdrawn by a vacaum pump as 1nd1~-

cated In I‘w 12, The water of condensa,tlon falls to the

bottom of thie shells 13 and ‘14 and goes out thence
-through the outlet pipes 23 having a connection 24,

‘which has a coupline 25 which connects with a hot well
pump. Herethen the circulating water in each of these.

duplicate condensers enters at or near the top of the
condoenser, passes in one direceion and then back and
leaves al-the bottom. It may, however, when the two
condensers uperate and act as one, pass first through the
second section orthe onein Whl(,h the airis cmled befﬁre

The two

29 to chambers 28 which tubeswill Ob‘ﬂOH?lV be some |
of the tubes 17, the upper portlon of them, and some of

'la,terally at the top, thus showing a- ahght modification
from ‘the form of inlet indicated in ‘the other figures.
| of the drawing, "but with no change in function or pur-

‘bottom steam inlet.

h .

| ma.y pass more than once through each, or either in se-

ries or multlple, the main object being to bring the air

and: the last portion of the steam into contact with. the
coldest tubes, and to cause the water of cundensatwn to -
be. heated by the exhaust steam to a temperature

closely approximating that of the incoming exhaust
steam before the.removal to the atmosphere And in

“the particular arrangement set forth in Figs. 4 and 5, it
will be noted that the bottom steam inlet chambers 32.

and 34 contain, near their top, some of the coldest tubes

and 36 for the air, so that the air is brought into contact
with thé coldest tubes before being withdrawn, and fur-

thermore the steam heats up the water in the bottom of

3

70

75

which are situated close to the eduction openings 35, -

80

the two condensmg shells so that when the water leaves

the condensers it very closely approximatesin tempera-
ture that of the incoming exhaust steam.

In Figs. 6 and 7, substantlally the same constructmn
and arrangement of pa,rts obtains as in Figs. 4 and 2,
with the exception that'in lieu of the inclined: lelSlOll

85

plates 15 and 16 I employ vertical plates 15% and 16

which lie parallel to the side walls of the condenser
shells 13 and 14-and which direct and guide the move-

ment of the exhaust steam, first toward the bottom

and then upwardly in like manner as.it is guided by the

‘plates 15 and 16, the water of condensation being re- -
jmoved from the bottom of the shells 13 and 14 by the

‘pipes 23* having a coupling 25 by which connection is
‘made with the hot well pump, and the air being re- -,
‘moved through the openings 35.and 36 under the ac-
- tion of the vacuum pump as is the case in Fi 1gs. 4and 5.
‘Thus in Figs. 6 and 7, there are duplicate condensers
‘having practlcally the same comstruction and each
.consisting of two chambers in cnmbmatlon one cham-
' ber ‘having a top steam inlet and the Gther having a

bottom steam inlét, so that the water of condensation

may be heated up to as high 2 temperature as possible
‘before removal, while the air may be made as cold a8
posslble before it is- withdrawn.

In Figs. 8 and 9, I have delineated another form of

“the invention. .56 denotes the condenser shell con-
‘talning three nests of Water-cool(,d tubes, 57, 58 and

09, which nests are situated 1 in’ vertical series; that Is to
say, are horizontal nests. At one end of the shell 56

end of the shell are the two water chambers 62 and G3:.-

90
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‘are the two water cha,mbers 60 and 61 and at the other

The nests of tubes 57, 58 and 59 connect with these end «

chambers in the usual manner, and the mrcula,tmg

water follows the course 111dlcated by the arrows in,

Fig. 9, it hawng three passes through the condenser.

115 |

The Shell 56 18 of cylindrical form, and the. exhaust -

inlet 64, instead of bemcr directly on top is arranged

120

pose, 1or it is an upper or top steam inlet. - The shell *

56.is provided with- an inner radial inclined partition
*65 which divides the shell into two cliambers, an upper, 12:
‘one having a top steam inlet, and a lower one havinga -
The shell 56, furthemare has the .

outlet 66 for the Water of candenﬂatton the ﬂutlet 67 for

the air, the water inlet 68 and the water outlet 69.

In Fig. 10 I show & cmss—sectlon. of a condenser shell

. 125

130



~and indicate in an outline or diagrammatic way how
the different pumps are connected thereto. The form

10

of condenser is the same as that shown in Fig. 8." 70

denotes a pipe leading from the ouflet 66 for the water

of condensation to the hot well pump 71. '72'denotes 4
pipe running between the water inlet 68 and the water

circulating pump 73 by means of which the cooling
water is forced into the cooling tubes and. caused: to
circulate through the condenser. 74 .designates a-
suitable pipe leading from the air outlet nozzle 67 to:

the vaciium pump 75, by means of which the cooled

alr is withdrawn from: the condenser shell. - Obviously
the pumps 71, 73 and 75 may be constructed, each of

- -ther, after any approved and desired pattern or type,

and I do not wish to be restricted to any particular

“design. The outline form which I delineate in Fig. 10

| " is offered simply by way of example, and in order to

20

25

explain the connection of one form of pump for the |
"performance of the function attributed to each. _
. Having thus described my inventin, what I claim as
. new and desire to secure by Letters Patent, is:—

‘1. In a surface condenser for the condensation’ of ex-
bhaust steam and the produetion of a vacuum, the combina-

- tion of a chamber having an inlet at or near the top for

the admission of exhaust steam, in which chamber the
exhaust steam, the air commingled therewith and. the

water of condensation all travel in a downward direction,

- -& chamber having an inlet at or near the DLottom for the
-admission of exhaust steam-in-which chamber the exhaust

" 30

steam and the.air commingled. therewith both travel in a
reverse direction to that of the water of condensation,

-and condensing surfaces in. the chambers, some of the

35

surfaces being coldér than the others and means for in-

trodueing the ecooling water first Into the upper part of
the condenser,.all arranged so that the air may be Drought
Into contaet with the coldest surfaces in the second.cham-

“ber hefore removal and the water of condensation into

40

~ contact” with the Hottest surfaces #nd with the echaust
‘steam before removal, . | |

2. In a surface, condensger for the condensation of ex-

- haust steam amd the production of a vacuum, said con-
denser having horlzontal tubes containing cooling water,

sald tubes arranged in groups or nests some of which are

-~ colder than the others and those neatest the top receiving

45

the cooling water first, the combination of a chamber hav-
ing an Inlet above for the-exhau._st steam, in which c¢ham-
ber the exhaust steam, the air commingled therewith

~and the water of condensation all travel together in the
same direetion, with ' a chamlier having an inlet for the

o0

exhaust steam below, in which chamber the exhaust steam

and the alr commingled therewith.both travel in g re-

* verse direction to that of the water of condensation, the

55

coldest tubes in the second chamber being contignons to
the point where the air is removed. 5o as to- bring the
alr Into contact with' said coldest tules hefore removal
and the water of condensation into contact with the ex-
haust stemmn before removal. | | -

3. In a surface condenser, the combination with a

steam - fnotor, of a hase therefor comprising condensing

60

apparvatus cotsisting essentfally of divisions or chambers
having horizontal tubes containing cooling water, one of
sald chambers: being a top-steam-inlet chamber nnd att-
other - heing a lhottom-steam-inlet chamber, means for

dividing these cliambers from ench other so that: the ex-

65
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haust steamn may pass readily from one to the other, said
means dircceting the steam away from the outlet for the
air, means for causing a water circulation through the
tubes, nmd means for withdrawing the air from the con-
denser in such o manner that the air may be brought into
contact with the coldest surfaces hefore removal and the

water of condensation may be brought into contact with

the hottest saurfices and with the exhaust steam before
removial. | |

4. In a surface condenser, the combination with a

steam. motor, of a base therefor comprising condensing

!

| with. travel in one dir-getion and the water of condensatign -
in another direction, horizontal tubes in said chambers
‘arranged’ in nesis or groups, some colder than the others

-

il

e ——

L

‘above, 8o as to bring the air in contact with the coldest -

I=.;':;.i-m;'i(led at or near the top

-with an-air outlet at or near theé top,

868,390

| ‘apparatus consisting essentially of a chamber having an- -.

inlet above for the exhaust steam, in which chamber the
exhau’fsi steam, the air commingling therewith . aoq the
water of condensation all, travel together in the same
direction, and a second chamber which receives the ex-
haust steam Dhelow from the first chanber, in which second
Chamber the exhaust steam and the air commingled there-
with both travel in a direction the reverse of that in the
first chamber, condensing surfaces in the two chambers -
varying as to coldness, means for dividing the chambers
from. each other, said means directing the steam away
from the outlet for the air, all being arranged so that the

80
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air may be Drought into contact . wrth the coldest surfaces -

tact with the exhaust steam Defore removal. -

0. In a surface condenser, the combination of an. upper-
steam-inlet chamber in which the exhaust ‘steam, the air
commingled therewifth and the water of condensation
travel in the same direction, a lower-steam-inlet chamber -~ N
in which the exhaust steam and-the air commingled there- 95

before removal and the water of condensation into con-

90

and the coldest first receiving the cirenlating water, to- = =
gether with means for introducing the circulating wa'ter 100
first into the upper part of the condenser, all arranged so -
that the air is brought into contact with the coldest sur-

faces before removal, and the water of condensation with

the exhaus: steam before removal. | | |
- 6. In a surface’ condensér having horizontal tubes con:
taining cooling witer of a section in ‘'which the exhaust
steam enters ahove, in combination with another section
in which the exhaust steam enters below after leaving the
first section, Wwhile the 'circulatiﬂg -water enters above,
and the air separated from the exhaust steam is removed

105

110
tubes before removal while the. water of condensation is
brought in contact with the hottest tubes. |

7. In- a surface condenser for the condensation of ex- |
haust stenm and the production of a vacuum, g condens- 115 -
ing chamber containing tubes for the cooling wéter.and‘
| | with an exhaust inlet, -in
combination with a second condensing chamber containing
‘cooling tubes for the cooling water and provided with an
exhaust - inlet at the hottom. through which steam Is
transferredd from the first .chamber,

'120
and provided also -

and means for first

Introducing the circulating water into the upper part. of

| the condenser., so that some of the coldest tubes may. be

In the second chamber adjacent tq the air outlet, in order 125
that the air may be brought into cohtact with said cold
tubes before removal. E . | .

8. In a surface condenser for the condensation of ex-
haust steam and the production of a vacuum, a condensing
chamber containing g water-cooled surface, in which cham- 130
ber the exhaiist steam and water of condensation travel
in the same direction, and the inlet for the exhaust is
above, in combination with a second condensing chamber
also containing a wuter-cooled surface and receiving
steam from the first chamber, in which ‘second chamber 135
the exhaust steam-enters below and travels in a reverse
divection, and in the upper part of which is an aix outlet,

a water inlet for the circulating water in the upper part

of the condenser, siid water-cooted surfaces Dheing colder |

in some: partz of the (*ﬂllﬂblj}ﬁi!1“"_ﬂmn' in-others, accordingly 140
as they are related to the water inlet. and the ajr outlet
]Jeillg configuous to the coldest of said surfaces.

9. In n surface condenser, the combination of a top-
steam-inlet ¢hamber, a bottom-steam-inlet chamber, moeans
for dividing the chambers'from each other so that the ex.
haust steam may pass readily f‘_rm_u once to the ofher. said
means direeting the steam away from the outlet. for the
alr, ‘horizontal water-cooled tules and means for eausing
water cireulation through said tubos, and means for with-
drawing the air from the condensoer at or near the pi’uini'_ 150
where “he cooling wanier tirst enters the tubes.

10, In a surface condenser, a shell having a stoam inletr
at or near the top and an e exit at ov near the top SIUHE
rate from the steam inlet, in combination with a parii- -
tion: directing the steam away from the air exit and divid-
ing the shell into two eommunicating chambers, and tubes

1405
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- chambers receives steam from
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(he commingled air and the water of con-
densation travel together in the same direction, and in the
ather of which the steam and the commingled air travel

in a direction ﬂppeelfe to that of the travel of the water of

condensation. | \

11. In a surface condenser, a shell having a steam inlet,
an air outlet, and a water outlet, in combination I:(i"th means
for dividing the shell into two chambers, ‘sqid’ means -
directing the steam away from the air outlet, one of which
above and in which the
steam, the commingled air and the water of condensation
travel in the same direction, and the other of which cham-
bers receives steam. from below ‘and in which the steam
and the cemmm::rled air travel in reverse direction, tubes

arranged in groups or nests in said chambers, the coldest.

sroup being adjadent to the air outlet, a dry vacuum pump
for. removing the air from the air outlet, and a hot well
pump to remove the water of:condensation.

2..In a surface condenser, a shel] having a steam mIet
d.t or near the top and an gir exit at or near the top sepu-
rate from the steam inlet, in combination with a partition
directing the steam away from the air exit e.nd dividing
the.shell into two chambers, and tubes arrﬂuged in nests
in said chambers, in one of which chambers the steam, the
commingled air and the water of condensation travel in
the same direction, and in the other of. which the- steam
and I}e_eemmmgled air travel in a reverse direction, a cir-
culating pump for causing the cooling water to flow
through the tubes, a vacoum pump for removing. the air,

‘and a hot well pump to remove the, water. of condensation.

13. In a surface condenser for the ennﬂeneatmn of ex-
hnuet steam and the preduetlen of a vacuurmn, a shell hav-
ing a4 steam inlet at or near the tep, In combination with a
division plate or wall directing the steam awqy from, the
air exit and sending it first downward and then upward; a

ot well pump to remove the water of condensation, and a

condensing surface which is coldest where the circulating
water first enfers it, the entrance being first from above,
and an air outlet adjacent to the coldest part of the CcGol-
ing surfuace, so that the air may be brought into contact
therewith hefore removal.

14. In a surface condenser fOl the condensation of ex-
haust steam and the production of a vacuum, a shell hav-
ing a steam inlet at or near the top, in combination with a
division plate or wall directing the steam first downward
and then upward, said plate dividing the shell into two

chambers, in one of which the steam passes downward angd

In the other of which it passes upward, and the nests of
tubes in said chambers whereby the cooling water makes
the requisite number of passes through the condenser, the
nest into which the-circulating water is first 111tredueed

being at the top and the coldest and being located . con-

figuous to the point ‘'where ‘the air is removed f

‘rom the
condenser. '

15. In a surface condenser for the CﬂﬂdEHSdtIOIl of ex-
haust steam, a shell having a steam inlet at or near the
top, and an air exit at or near the top separate from the
steam inlet, a division plate or wall directing the steam

‘away from the air exit and first downward and -then up-

ward, condensing surfaces the coldest of which is at or
near the top near the air exit, a hot well pump to remove

. the water of condensation, and a ﬂl}?’ vacuum pump to re- |

69

move the gir.

'16. In a surface eendenser, a2 shell having a steam inlet
at or near the top, an air exit at or pear the top and a

water outlet at the bottom, in combination with a division

~ plate or wall-directing the steam away from the exit of the

air and causing it to flow first downward and then up-

ward, nests of water-cooled tubes. situated at both sides of
the division plate, a hot well pump to remove the water
of “condensation, a dry vacuum pump to remove the air,

and a circulating pump to cause the cooling water to flow

through the tubes.

17. The combination with a surface condenser having an |

exhaust steam inlet at or near the top, an air exit at or

. near the top sepme‘ret from the steam inlet, and a water

outlet, of a partition or wall deflecting . the steam first

- away from the opening for the exit of the air, a con-

80

densing surface having its- coldest part nearest to the air

-

!

i

|
|

\

F ;

—
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“arranged in nests in said chambers, in one of which ehem- 1 exit, a dry vacuum pump fo remove the air, and a. het well
- hers the stear,

pump to remove the water of condensation, and means for

introducing the cooling wateI first into the upper part ef |

the condenser.

18. In a surface cendensel the combination of a cham-
ber admitting exhaust steam ‘above, a second chamber
admitting exhav®dt steam helow, means for dividing the
chambers from each other so that the exhaust steam may

pass readily from one to another, groups or nests of water- -
~cooled tubes arranged longitudinally in said chambers and

parallel thereto, means for introducing the circulating
water into the tubes first at or -near the top and causing

it to circulate through the different-nests, and ab air exit
situated in the shell of the condenser contlguene te eeme
of the -coldest tubes. - -

partition directing the steam away from the air exit and

;ﬂlvldmg the shell into two communicating ehambers, and
‘tubes -arranged: in nests in_ said ‘chambers, said tubes -

85
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19. In a surface eondenser, a ehell ‘having a steam inlet |
at or near the top and an air exit at OF Tnear the top -

| separate from- the steam inlet; in combination with a - -

100

being placed Ieng:ltudmel of the chambers and parallel

to the partition,.together with means for intr oducing and
elreulatmg the ¢ooling water throug gh the tubes, said air
exit being eentigueus to the coolest group of tubes

20. In a. ‘surface condenser, a shell having a steam mlet
at or near ‘the top and an air exit at or near . the top
separate from the gteam- inlet, in combination with a
partition directing the eteem away ‘from the air exit and
dwldmg fhe shell into eemmumeatmg chambers, nests of
tubes in said chambers, whiclr tubes are parallel to the

| partition, means for causing circulating water to enter
the tubes above, so that the air may be brought into con-
| tact with the coldest tubes before removal -and the water

of -condensation - with .the hottest tubes and with the
exhaust steam before removal. *
21. In a surface eendenser, a shell having a steam inlet

and anair exit separate from the steam inlet, in combi-

nation with a partition directing the steam away.from
the.air exit and dividing the.. shell into two- communicating
chambers, and tubes arranged in nests in said chambers,

sald tubes being longitudinal in the chambers and parallel |

to the partition, together with means for introducing and
cireculating the cooling water through the tubes the en-
trance for the cooling water being first into the upper part
of the condenser, said air emt bemg contiguous io the
ceeleet greup of tubes.

22 In a surface condenser, the combination with a
steam motor, of a base comprising condensing apparatus
consisting essentlally of a chamber having an inlet above
Ior the exhaust steam, in which chamber the exhaust
steam, the air commingled therewith and the water of
condensation all travel together in the same direction,
and a second chamber which receives the exhaust steam
below from the first ehamber in which second chamber
the exhaust steam and the air commingled therewith beth
travel in a direction the reverse of that in the first
chamber, and eendensmg surfaces in the two chambers
varying as-to coldness, some~of the coldest being in the
upper portion of the second chamber, so that the air may

be brought into contact with said coldest surfaces before
removal and means for introducing the cooling water first -
| mto the upper part of the condenser.

23. In a surface condenser, the combination ef an upper-

steam-inlet chamber in which the exhaust steam, the air

commingled therewith and the water of condensation

travel in the same direction, a lower-steam-inlet chamber

in which._the exhaust steam and the air commingled there-

with travel in one direction and. the water of condensation

in another direction, horizontal fubes in said chambers
arranged in nests or groups, some colder than the others

- and the coldest firgt receiving tie glirculating water from

above, all arranged so that the air 18, brought into contact

(|- with the coldest surfaces before remial. _
- 24, 'In a surface condenser, the Cﬂmblllﬂtlﬂll with a
steam motor, ‘of & base comprising condensing apparatus .

consisting essentially of divisions or chambers having
horizontal tubes eentaimng cooling water, said divisions
or chambers primarily 1eceiving the exhaust steam and
alr cemmingled therewith dt or near the tep of the con-
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~denser’and which provide an exit for the air separate from ' the. exhatist steam and the air commingled therewith both 15 .
the steam’ at or near the top of the condenser, while the | travel in- a direction the reverse of that in the £frst
removal of the water of condensation is below, and means | chamber, condensing surfaces in the two chambers varying
for introducmg the cooling watel first to the upper p.-;u't as to coldness, means for di?idlng the chambers from each
5 of thé condenser, - - | other so that the exhaust steam may pass readily from
25. In a surface candemm the cnmbmqtiﬂn with a | one to the other, said means directing the steam away 9()
" steam motor, of a bhase cammmmg condensing apparatus | from the outlet for the alr, and means for intwdueingﬁ
_ ' for ihe condensation of exhaust steam and the pmducthnl the cooling water first to ‘the upper part of the condenser.

of a vacuum, consisting essentially of a chamber having | = Signed at New York city this 26th day of July 1904.
10 an inlet above for the exhaust steam, in which chamber | | A S

~ the exhaust steam, the air commingled therewith and the o * - LOUIS R. ALBERGER.

water of condensation all travel together in the same direc- Witnesses: L | |

~ tion, and a second chamber which receives the exhaust steam | - - Jouax H. HAZLETON,

bEIGW from th& mst chamber, in - whlch second chambel | | I. HRIBERG,
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