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Lo wll whom It may concern:

Be it Iﬂ'um n that k, Lous K. ﬁL]Hﬁ"P ORK. a |
citizen of the United btfltm of Amoer 14,

and a
resident of Greenwich, in the county f_}’r f,':_ a1r-
field, State of (,Jamwef‘u_,ui have invented cer-
tain new and useful Inmmwment% i surface

Condensers, of which 1]19 following i 18 a speci-

fication.
This invention wlm_,m-, to the nr {)duLf:mn of

a vacuum and the eondensation of exhaust-
~steam from engines and other ste am-motors,
and pmtlml*‘u vy to that class of apparatus
known as |

“surface ¥ condensers, in which the
condensation is produced by the contact of the
exhaust-sccam with metallic surfaces ecooled
by water and in which the vacuum is main-
tained by & vacuum or air pump.

A imdmu object is to hring i“Jkl}:LU‘-ﬂt steam
into contact with nmm]lm surfaces usually con-
‘-:l%iklg,}; of tubes and containing the cooling-

~water in such a manner that the water re wlt
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meo from the wmlenmitmn wili leave thae con-

d{*mm*j which is the vessel in which the con-.

densation takes pi.},u at the highest possible
temperature and one apw{)unmtum that of

thesteam itself and o withdraw the air from
~the L{.}I}{lﬁmw free of water and cooled to the |
“lowest ]}(}%%li}itti‘ll’]}}{} ature and oneapproxi-

mating that of the incoming cooling-water.
ina surface condeénser of Hw COMIMOon con-
struction the exhaust-steam is ordinarily in-
troduced into the stesm-s space ol the condonser
from above and caused to travel in a down-

ward fliwctmn in contact with the tubes that
convey the cooling or circulating water, while
the water resultine from the {,,Ull{]i:llmﬂil{}ll of-
~ thesteam, t{}wtlw‘ mih the entrained air and
| _mimmlonml;If& vapors, travels in the same -
rection and is {inally removed from the con-
denser by the vacuurm- pump placed below, and
also the cooling-w Wi,

through the tubes. ente ers at the lmt‘tmu anud

uirr“an s through one or more nests or groups

of tubes and ]mw“ﬂm condenser at the ton.
The condensation of steam in o {*(HIHIUT‘JLL‘T‘

tnkes place when E’h{*iwmw“*muv of Ll stos m

b(*wmfw Tower than Lm, temperature due o

vx'htf*]: usually pusses

Ctaming the mhivat circulating water.
result, 1t leaves the condenser at a ti‘“ﬂl]ﬂf' |
ture which experioncehas shown to e 'thnut

L ol R, T p— —_— A . om

“that of the ¢

'{lmm temperature and bhe
_mmuvml by a single I}lm“}

— ey,

' the vi ACLUm o1 pwmuw of water- 1'*{[}[}51 ‘thrit -
At thistime “lf‘ emperaturcof the oo o
water that results from the L,metlen:mu{_;_n.: s -
iml; slightly lower than thatof the steam, and
it conld Iwmammh removed from ﬂm Con-
denser it would carry with it the greatest pos-
sible. amount of heat and w high vﬂlc'"u:"m"}
would be obtained:

Ulmlim

but' in condensers of
{*mmm}la {:f}ilhﬁ'lll tum Hw watber of L{}Elih‘"ﬂ“
Llun aye .:1”h down through the mm!wmer

“the

¢
L

is hi"mwhi‘ in contact mth the tubes contain-

ing *fmi water vidtil itisf
passing through the lower nest of mhf”:. COt-

midway between that uﬁ Hm c,,n:}(}lzntrww aterand
The air and un- -
condensable vapor passing in the SAme thw:-f* :
tionand in contact with the w: ater of conden-

oxhaust-sto: 111,

finally removed after =
S

A a .

satlon acquires pre L*me]v {,iw same interme-

hm} wh t.l.:f_a 1)
vacuum-pump. S
For the a tlammen I""

Hre nmm]l'*'iu;fih,
‘“.H*L”I

_ F the object, and s
poses of the prosent invention the latter iy

e said to mmwt essentindly, in a condenser

having the steam and cooling-w Hm‘"l"pr%wiiltij
Lh!t_n_.lgg_u; 1t i directions the opposite of that
the nlu*{f-{*tmu_:_
and as one of the
consequences the water of condensation trav-
ols aguinst the entering stes n, air, and nucon- &
"th*mfl sl VADOTS instead of mth them:
also- tlw- INVeNLIoN consists in means: for f::uwf'j_'
Ing steam to enter at or near the hottom: n:rl-ff
the condenser on the same center line as the
-.Lulm-m;}pm tor rzi.pmniwqu 1”1 dists mL%,Iu‘hIw}
from on n}}pf}aiw sides of the Jatter; and; -
ther, the Tnvention: {*<Jm[umw numerous i]t**—__:?:.-*-'
tails in ‘the consteuc tion, combination, and ap-
crangement of parts, substantindly 18 mlllwrf -;_j;
nafter be deseribed and elainied.

dr LW IngS, ullmr mnu am |

just described—-that is to say,

of flow of each 18 revorsed.

In the anneyved

| .:lml";

invention, Flgure b is aside eley atlon of m“w* -

examp e of iy unproved smrface conde; TISeY
having i,m,:u Steiin- l]lh'lm i1t ilw lm‘ctmu

.Eqi.l;i* }f _ﬂm._u
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9 is a similar view of another emmple of the !
condenser having a single steam-inlet at the
bottom. Fig. 3 is a lonmtudmal section o
my lmproved surface condenser. Fig. 418 a
cross-section on the line & 2 of Fig. 8. -

Likenumerals of reference denote like parts
in all the figures.

This_invention shows its greato%%alue 1n
large machines and in ‘the creation «of high
ranges of vacuum and where the greatest ef-

ficiency 1s required, as with steam-turbines
The old 'system hasmany

and vacuum-pans.

- serious objections in such cases, which I am

_IS

now sceking to overcome. Hltherto it has
been found desirable in the production of

high ranges of vacuum to pump the air by

means of a separate dry vacuum-pump from

. which water is excluded. Consequently if
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pression of several volumgs into one.

such a vacuum-pump be connected to-the open-
ing at the bottom of the ordinary and com-
mon condenser the air will carry with it the
water of condensation, and additional means
must be provided to separate the latter from

the air and remove 1t from the system by an-
Further, the !

other pump or suitable means.
air being in contact with the water of con-
densat_lon has a temperatere which is consid-
erably above that of the incoming water, and
so is not in the best possible eondition.to be
pumped by the vacuum-pump.

Unless the air is cool it 1s not In tne best
condition to pump, because the pumping of
it by a vacuum-pump from the low pressure

of a high vacuum to that of the atmosphere

into which it 1s disehargéd requires a-com-
For

instance, with twenty-eight inches of vacuum

Or one pound absolute pressure the ratio of

compression is fifteen to one, and the-lower
the temperature during the compressione the
higher the efficiency’ of the vacuum-pump,
and this is best obtained by starting with the
lowest temperature attainable.
steam that is condensed by*the-to__bes contain-
ing the heated circulating water falls down

- and is cooled by ‘the lower tubes containing
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the cooler incoming water, so that the water
of condensation when it is finally removed
at the bottom.of the condenser has a tem-
perature considerably below that of the ex-

haust-steam entering the condenser and is not |.

at the most desirable temperature for boiler-
feeding. Thelossof efliciency by this method
can be made plain by taking a case in which
the temperature of the exhaust-stearn is 125"

Fahrenheit and that of the circulating water
“5° Fahrenheit. Thecondensed water usually
has a temperature about 100° Fahrenheit, or
95° below that of the'steam. Ttisa well-es-

tablished faot that a fuel loss of about one
. per cent. is made by each decrease of .10° in

- the temperature of the boiler feed-water, and
- as the water of condensation is usuallv em-

05

ployed for that purpose the loss in economy

as compared mth having feed -water at the

Again, the |

764,541

same temperatu reasthe steam,or 125~ Fahren-

heit, 1*—3 about two and one- half per cent. of the
fuel consumption.

In my present improved condenser the ex-
haust-steam enters the shell 1 at or near the
bottom through the inlet-opening 5, asshown
in Fig. 2, or the lateral bottom opening 14,
as in. Flg 3. or the twin .openings 2 2, as in,
Fig. 1, or through some othersuitablearrange-

ment of inlets and passes upward and comes
into contact with the tubes carrying the clr-
culating water. The shell 1 may or may not
have the form of bottom 4, and it preferablv
contains several nests of tubes as 16, 17, and
18, so that the water may pass several times
from one end of the condenser to the other,

i°
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each pass being made through a separate nest

of tubes. The circulating water reaches the

condenser through water-mlot 23 and cham-’
ber 10, from which it first passes through the

upper nest of tubes 16. From tubes 16 it en-
ters the chamber 8, whence it enters the sec-

ond nest of tubes 17 and flows again through .
the condenser.

At the opposite end of tubes
17 the water enters chamber 11 and from the
latter flows into the lowest nest of tubes 18,
through which 1t again passes through the
condenqor and ﬁnds its way 1nto chamber 9.
From this chamber the cooling-water has exit

1 through the eduction-opening 7. Thas the

olroulatmcr water passes through the upper
nest of tubes frst and then downward and out
at the lower side of the condenser. Conse-
quently exhaust - steam Str ikes the hottest
tubes first, and the air and uncondensable va-

Qo
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por remaining after the condensation of the -

exhaust—steam comes in contact with the ap-
per or coolest nest of tubes before being with-

drawn from the top of the condenser by the
dry vacuum-pump. The withdrawal of the
air and uncondensable vapor is made at one
or more points—as, for example,-through the

105

pipe 19, which connects with the top of the .

condenser-shell 1 at two points, as shown in
Fic. 3, and is furnished with a middle exit 20,
which communicates with the'air-pump. -
water resulting from the condensation of the
exhaust-steam falls downward by gravity, and
whatever its temperature may be at the time
of condensation it is heated up to a tempera-
ture approximating that of the exhaust-steam

by contact with the latter before said water

l'ea,x -es the condenser at the bottom. The gen-

Tho |

eral result is that a more complete transfer of

* heatisobtained and greater efficiency secured,

less circulating water is needed; and the water
resulting from the. condensation is at & higher

110
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temperature and more desirable for boiler-

feed. The air 1s removed in a cooled condl-

tion and free from water. . -
| . Inthe well-known construction of sui“far_,e L
condensers in order to subdivide the water to

as great a degree as possible and in that way

obtain ‘a large exposed tube-surface it be- -

-

125

comes necessary to use & -very large- number 130




- of tubes of small diameter.

ﬁg%' these tiﬂim

~are usually secured to the tube-heads by stuff-

-~ ing-boxes to allow for the expansion and
~contraction of the
temperature, it
- stuffing-boxes must be provided, so that the
~longer the tubes can be made the fewer will |
. be wquned and the fewer stufing-boxes will

146
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would .
In order that the flow of air and steam through

said
mitting steam at both sides and mm the bot- |
tom of the tube-support.
2. Inasurfacecondenser, sg%"wIl'm}ﬂimmnﬂ-;--

said s
near ¢

he tubes due to-
toliows that

he needed for a given amount “of surface.

For the same reason if fewer tubes are needed |
the tube-heads wili be smaller in diameter.
“Accordingly 1t has come to bethe practice to |
make tubes very long, and on account of their
Nength it has become necessary to support
them at about the center of their length by g
-~ yertical plate, as 15, on which rests the weight |
of the tubes and the water contained therein.
Without thissupporting-plate the tubes would
and the machine

have to be made shorter

ne more eéxpensive and less efficient.

the eondenser may be uniform and not dis-

turbed or prevented by this supporting-plate, |
16 1s desirable to place the exhaust-steam inlet |
bottom of the condenser and |
“either at the middie of its length, as shown
at 14 and 5, or at points on opposite sides of
the plate la and eqmllv distant therefrom, as:
shown at 2 2, and to place the e

at or near the

for the air at or near the top of the condenser

and either at the middle of its length or at
- points on opposite sides of the nlate
~ equally distant therefrom, as in the case with |
the two openings wzth which pipe 19 {.Gimmm -

as shown 1n Mg, 3
What 1 Bl%lm 16—

1. Ina surface condenser, ashell containing | «
. for the cooling-water, which are sup-
norted at a point or points between their ends,

shell having an exhaust-entrance for mn_; :
vacuum-pump, and an inlet above for the eool-

f11hes

tubes for the cooling-w: m which are sup-

ported ata point or points between theirends,
hell having an exhaust-entrance at or
he hottom for admitting steam at lmth-.-a_

siles of the tube-support.

~-whichtubes are supported at apoint or 1}011&‘1;:%:_-

6o

' Ita

mIIW of nests of Luhm for the caolmf_.e_ water,

hetween ‘Lh{"li ends, said shell having also™an
 oxhaust-entrance at or near the bottom for
~Cadmitting steam at both sic
support, an inlet above for the coohing-water

to enter the tubes, and an outlet below for it
to leave them, all arranged so that the ex---
~ haust-steam comes hirst into {,,(}I‘lt.:t{*t mth th*‘-%;f K
R | “'?PApJ 11 1(}0‘3

4, In a surface condenser, a 1}&111{ hm of I
nests of tibes for the cooling-water wherehy |
s passed back and forth, clmmbwm connect- |

lowermost nest of tubes.

ing the ends of the nests (}f tubes, means for

supporting the tubes at one or more points |

let helow for it to
change il
‘a number of

| cooling-s
‘their center, said s

exit~-opening |

15 and

es of the tube-

between thelr ends, an inlet above Ef}r' 'i.;li{;,

W

cooling-water to enter the tubes, and an out-
leave Mmmg and a shell

surrounding the tubes and having an exhaust-

Inasurface 'f*{:m{ialm@ r fm" thf‘ {,{mdmm%

f t’i{m of exhaust-steam and the production of a
vacuum,acondenser-shell containing tubes for
the cooling-water w hmh are supported at one

Or TNOYre pnmm between their ends, said shell
having an inlet below for .ﬁ,dmmm,b, the ex-
hanst-steam at both sides of the tube-support,

and an outlet above for the air, the latterout- -
let being connected with fﬁ‘_mmnmﬁm}:’mmpq the
‘object. being to allow '
4 travel in a direction o
cireulating water and opposite
~water of condensatian.

and

he e}ﬁmum ~-steam to
bposite to that of the
to -'thﬂat_ of ﬂm'

- entrance for admitting steam at both sidesand =~
‘near the bottom of the tube-support,
bringing it first into contact with the lower-
‘most nest of mhm containing the warmoest
wm;m |

7o .

6. Inasurface mmlemer for Llw mnd{*nm-;_

tion of exhaust-steam and the production of
A vacus lm, a shell containing tubes for the

ater which are mmpﬂmml at or near _
hell having an inlet ator
near the hottom at one or more points for the
entrance of the exhaust-steam, whichinletad- -
|- mits steam equally at both q*.tdm of the tube- -

I support, and said shell having also an upper
,r:}ut]et for the air at one or more points, con-

.9.{3“: L

nected with the vacuum-pump, said outlet be- -

ing arranged syrmmetr ically with wh“ru’lw bo |
_th@ said support.

’E’ hm Murmw Gi}ﬂdt‘nbm' ‘s,cf::?m{an%mﬂhwll'

lllll

' pmwde{l | beiﬂw Wi‘th Mi miet i:m _'i,ho .mflmtm-
steam, and above with an outlef for the air,

from which outlet connection is made witha = -

to enter the tubes and an outlet be-
to leave them:

ing-water
low for it

In & surface-condenser. for the condensa-

3. In a condenser, a shell containing a plu- | Lmn of exhaust-steam and the y:ai*mlwtmn of
| a vacuum, a condenser-shell containing tubes
for the mmlmm -water which enters above and -
Jeaves below, and provided below the middle
with an inlet for the exhanst-steam; and pro-
‘vided  also above the middle with
for the air: in combination with means for
| supporting the tubes at one or 1[1’1{}]“{‘ points ]w T

tween their t‘*mi

rh

incombination with
‘means for supporting the tubes st one or
‘more points between their ends, the exhaust-
‘sbeam being admitted through its n"tl-s::-i, UIHHHV'
-ai hf:uth sides of the tube-support. |
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