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Specifieation of Letters Patent.
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Patented Marp. 15, 1910,

Apr'icatior filed July 8, 1908.  Serial No, ‘441,796, |

Lo all whomn, i may concern:
~ Be it known that I, Cuares G, CURris,
A citizen of the Unite( States, residing at
New York,
New York, have invented certain new and
usetul Immprovements In Sul'face,'C‘ondensers,
of whicl t]e fo]lowing IS a specification. |
The present Invention relates to surface
condensers and has for 1ts object to Improve
their constrnction. |

It 5 well understoog that the efficiency of

@ steam turbine installation is largely de-

pendent upon the vacnum  which ean be
produced Ly its condenser, Ag ordinarily

' constructed the tybes through which the
cooling mediym Passes are

of the sume slze
and are equally spaced throughout the eqr.
denser. Tn othep words the varions passages
through which the steam passes . in being
condensed are of uniform Cross-section or

as nearly so gg possible considering the ng-
ture of the

lows that the aiy _
considerably Dbetior vacunm at the bottom of
the condenser than at’ the top and the
amount ot work to he performed is. cop-
siderably mcreased. The resistance to the
Passage of steam is furtherp Increased by the
close and stagoered relation of the tubes,
which causes eddy currents as the steam
follows a more of less tortuous path. To
prercome  these objections T arrange the
tubes Carrying the cooling medium in stich
passages
them-are greatest where the
15 greatest and decrease more o

_ . _ less gradu-
ally as the steam becomes

more and more

condensed, By enlarging the Spaces or pas-
sages between tubes ip this manner at” the

rece1ving ends, the velocity
be redueed to a value whie!
ably high, while
O passages

of the steam can
‘ich 15 not objection-
at the lower end the spaces
are reduced as much as js prac-

“ticable, Reducing the velocity reduces frie.

0o

results
vacuum for

tion and eddy losses and

in the pro-
duction of 5 better

volume of steam -

! penditure

county of New York, State of |

|

l

Purposes

‘drical tubeg supported by tube
their ends in the usnal way and thropol -

by

= n LI W .

of energy and a
ture of the cooling medigm,.
Inearrying ouf my ;
casig of any desired construction can be
employe( having an inlet fop the .steam to
be condensed angd an outlet for the water
of condensation. Generally Speaking its
shape wil] depend upon the articular use
for which it 1s intended. When used for
marme purposes it may be desirable to adopt
a different shape from
OWINng to the
able for such apparatus.
are one, two, three op

given tempera

himited space avail.

Inside of the shel]
more banks of cylin-
sheets at

which the cooling medium Passes.
the tubes aye long tlrey may be supported
at mtermediate points. Baffling means may
be provided for directing sorie or gl of the
entermng steam against any one oy more of
the banks of tubes. The tubes, assuming
for convenience of description and example
a- horizontal condenser, are separated from
each other by g greater distance at the top
where the exhaust steam enteps the sh
from the turhine o other apparatus thap
they are at the bottour, the s acmg pref.
erably decreasing ' \ £

number of tubes uged In such a condenser is
large it js important to arrange them in
some simple manner so that no difficulty wil]
be experienced iy laymg '

out and drilling
the tube-sheets As an lustration of this

1dea the tube sheet is Inid off with concen-
tric arcs evtending from side to side thercof.,
The space between thege ares, measured
radially, instead of being constant, decreases
steps from‘the,t(}p to the hottom for the
purpose of pProportioning the Cross-sectional
area of the bassages (0 the volume of fluid
to.be. handled. !

shown in the present embodi-

of holes are laid off, From the
determined lineg radial to the
d arcs are drawn. The points
of intersection of each of these radial lines
with alternate ares determines the posttion
of one set of tube holes. The pitch of the
holes in g given arc-is then subdivided and
other radial lines gye drawn through the

A given ex- | subdivisions., The points of Intersection of

ﬂmt used for land

shell .

‘om top “to-

bottom to obtain the hest results.  Since the

-arcs the centers for
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“the

these radial lines and the remaining arcs

will give the positions of the remaining set
of tube holes. The holes and therefore the
tubes will thus be arranged in two concen-

‘tric sets, those in one set being sta%)geredu
y

with respect to those of the other an

amount equal to half the pitch. Since the

tubes are arranged in concentric rows and
pitch of each row gradually decreases
from the top to the bottom, and since the

distance between the rows also decreases, 1t |

 follows that the vertical passages between

15

20

- avoid undue friction and eddy losses. Since.
the volume of fluid is less in the lower part
- of the casing due to condensation, the total
“cross-sectional area of the passages can be

20

the tubes will have their greater cross-sec-

tional area at the top and gradually decrease
. The total cross-sectional
‘area of the passages near the inlet of the

to the bottom.

condenser will be determined by the volume
of steam that is to be handled per unit. of
time, due regard being given to the desir-
ability of having a low steam velocity to

and is made progressively less without, how-
ever, increasing the velocity of flow, or at

 Teast by any substantial amount. This ar-

30
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- By means of suitable partitions the water
‘may be caused to flow through the banks of

49
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the shell or casing
~_ trifu%zl pump.

.may.ber t abov
. level of the water in the outlet by a suitable

: :pump'

‘trate one of the -embodiments of my inven-

rangement of parts affords the necessary
passage area to permit the steam to flow

with relatively low velocity and without

words, where the volume of the steam being

condensed is large, the passages are large,
- and where the volume 1s small the passaﬁs

are small. The passages also gradually ¢
come more tortuous toward the outlet, which
insures good contact between the cold walls

of the tubes and the fluid being condensed.
e advantage |
‘be forced through the banks of tubes by

The circulating water may wit

means of a turbine-driven centrifugal pump.

tubes in. series or multiple, or in any other

‘desired manner. The cold. water may first
act on the coolest tubes or on the hottest, as
‘best suits the conditions of service. The

water of condensation may be removed from

, ir and uncondensed gases
removed from a point just above the

+

In the accom anying drafvings which illas-

tion, Figure 1 is a general view of a' con-

‘denser with the necessary pumping appa-
ratus, and Fig. 2 is a sectional view of the
condenser showing a tube sheet, and to s1n-

plify the illustration I have shown a less
number of tubes than will usually be em-
ployed. - . . '

"1 indicates the shell or casing and 2 and 3

" the tube sheets for supporting the ends of the

6o

cylindrical tubes 4.

n the ends of the shell |

|

by a turbine-driven cen- |

ely 1ov 1 Vice versa..
undue . friction or .eddy losses. In other |

lower ends. -

952,102

are chambered heads 3.and 6. Tu the head &

'1s a partitton 7, preferably conceniric with

the rows of tubes, to cause the circulating.

water from the centrifugal pump 8§ to flow
through the lower tubes. In the head 5 1s a

similar partition 9 to cause the water above

the level of the partition 7 to How.through
the 1ntermechate tubes mto the head 6 from
which it flows through the upper tubes to
the outlet 10. | | T

11 indicates the outlet from which the
water of condensation is drawn off by the
centrifugal pump 12. Tapped mto .the out-
let above the water level 15 a pump 13 that
1s connected to the air pump 14 for remov-

ing air and other uncondensed gases. " The
-exhaust steam from the turbine or other ap-

paratus enters the condenser shell by the

condwmit 15, |

The circulating and condensation prnps

70
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are driven by steam turbines 16 and 17 ve- -

spectively. The exhaust from these tur-

bines may enter the main or other condenser

or the atmosphere as desired. Eaclh tur-

bine is or may be provided with a governor

~arranged to hold the speed constant, or the

oovernors may be arranged to increase the

‘speed of the turbines as the amount of the

exhaust steam to be condensed. inereases, and

~ Referring. to Fig. 2,
of the condenser, 2 one of the tube sheets, 15
the inlet conduit, and 11 the outlet. The

tubes are arranged in concentric rows 18
~which have the same center. 'The centers
of the tubes are located in radial planes that

yass througlh the said center. - The concen-
[l =

1 indicates the shell

90

95
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tric arcs and radial lines employed in laying

out the.tube sheet are shown in dotted lines.

Between the tubes are downwardly extend-

108

ing passages 19 whose: cross-sectional area

gradually decreases from the inlet- toward
the cutlet, and since the tubes become more’

closely associated as the distance from ‘the

inlet increases, it follows that the passages

110

become soméwhat more tortuous toward their

In accordance with the provisions of the

patent statutes, I have described the prinei-

ple of operation of my invention, together

with the apparatus which I now consider

to represent the best embodiment thereof;
but 1 desire to have it understood that the
apparatus shown 1s only 1illustrative, and
that the invention can be carried out by
other means. _' IR
- What I claim as riew and desire to secure
by Letters Patent of the United States, 18,—
1. In & surface condenser, the combina-
tion of a shell having an inlet and an outlet,

g 1s greatest where the volume. of fluid
being condensed is
the volume of the fluis _
porting means for the conduits.

115

‘120

, 1© _ 125
conduits for the cooling medium whose spac-

ﬁf@atest and decreases as |
uld decreases, and sup-
130
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2. Ina surface condenser, the combination
of a shell having an inlet and an outlet, con-

- duits therein through which the cooling me-
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betng condensed is

rows with the
decreasing toward the outlet, and means for

dium circulates, the said conduits being a»-

ranged with passages between whose cross-

sectional area decreases from the inlet to-
ward the outlet, and a support for the con-
chit., - |

3. In a surface condenser, the combination
of a shell having an inlet for the fluid to be
condensed and an outlet, tubes located there-
in_throngh which the cooling medium cir-
citlates, the pitch of said tubes being greater
near the inlet than near the outlet,
means for supporting the tubes,

4, Ina sur-flace condenser. the combination

of a shell having an inlet and an outlet, tubes
‘of similar diameter locatéd therein whose

spacing 1s oreatest where the volume of fluid
' greatest and decreases
as the volume of the fluid decreases, and

~sheets for supporting the tubes at their ends.

- 9. In a2 surface condenser. the combina-
tion of a shell having an inlet and an outlet,
tubes for the.cooling medium arranged in
pitch of the tubes in the rows

supporting the tubes.

6. In a surface condenser,
tion:of a shell having an inlet
tiubes for the cooling medium arranged in
rows, the distance between the rows and the
pitch of the tubes in the rows decreasing
toward the outlet, and means for supporting

the tubes. |

the combina-

7. In a surface condenser, the combina- |
tion of a shell having an inlet and an outlet, |

tubes for the cooling medinm arranged in

rows, the tubes in alternate rows being stag-
gered, the pitch of the tubes in the rows
- progressively decreasing toward the outlet,

and tube-sheets for supporting the tubes.

8. In a surface condenser, the combina-

tion of a shell having an inlet and an.outlet,
chambered heads for the shell, conduits in

the shell for the cooling medium  whoss

a0

55

spacing is greatest where the volume of flaid
being condensed is greatest and decreases as
the volume of fluid decreases, and means for
supporting the conduits.

9. In a surface condenser, the combina-

tion of a shell having an inlet and an ontiet, |
chambered heads for the shell, tubes located |

in the shell and communicating with the
chambers, the said tubes being arranged in
rows, the pitch of the tubes in each row being

| decreases, and tube-sheets for supporting th

and

and an outlet,

| constant and decreasing by

| outlet as the volume of fiuid being condensy

M

ends of the tubes. _
10. In a surface ecndenser, the combius.
tion of a shell having an inlet and an outics,

chambered heads for the shell, tubes fcegiad

in the shell and communicating wiih
l chambers, the said tubes being arranged in
rows, the spacing of which decreases tow s
‘ the outlet, while the pitch of the ube
decreases row-by-row toward the outlei, o]
‘means for supporting the tubes

11, In a surface condenser, the combia. .
tion of a shell having an inlet and an ouiler.
chambered heads for the shell, tubes located
1n the. shell and communicating with i
chambers, the said tubes being arranged oo

rows toward i

?-"‘1_ 5
iEl

| concentric staggered rows, the tubes of alioy.

nate rows occupying radial planes so ilias
the pitch of the tubes in said rows decreases
as the volume of the fluid being condensed
decreases, and supporting means for ihe
tubes, -

12. In a surface condenser, the combing.
tion of an inclosure to which the fiuid io
be condensed is admitted, an inlet and zn

JrS—

outlet therefor, and cooling surfaces located

- within the inclosure and spaced apavt o
rovide passages for the fluid, the said sur-
?ﬂﬁés being so arranged that the total eross-
sectional area. of the passages gradually i
' minishes as the volume of the fluid dimin-
1shes. |
13. In a surface condenser, the combini-
tion of an inclosure to which the fluid to be
condensed i1s admitted, an inlet and an outlet
therefor, and cooling tubes within the inclo-

sure for condensing the fluid whose prox-

iy &7
284

1mity change with changes in the volume of

the fluid. B

14, In a surface condenser, the combina-
“tlon of an inclosure to which the finid to Iy
condensed 1s admitted, an inlet and an ouiic
therefor, and cooling tubes within the incle-
sure over which the fluid flows at a rela-
tively low velocity, the spaces between the
adjacent tubes gradually decreasing as the
. voiumé of fluid to be handleéd decreases.
- In witness whereof, T have herennto set
my hand this 30th day of June, 190%.
' - CHARLES . CURTISs.
-Witnesses: .~

- Howarp McWiLLiawms,

,_ - Arex. F. Macpoxarp.
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