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Application filed February 15, 1904. Serial No, 193,511,

To all whom it may concern.:

Be it known that I, Tovis R. ALBERGER, & citizen of
the United States of America, and a resident of the city,
county, and State of New York, have invented certain
new and useful Improvements in Surface Condensers,
of which the following is a specification, |

My present invention consists in certain improve-
ments 1n the condensation of exhaust steam from en-
gines and other steam motors, and relates particularly
to that class of apparatus known as suriace condensers,
in which the condensation s produced by the contact
of the exhaust steam with metallic surfaces cooled by
the water, and in which a vacuum is maintained by a
vacuum or air pump; and it relates moreover to that sub-
division of the general class of surface condensers where-
in the condenser is construeted and arranged to obtain g

balanced column effect upon the circulating water pass-

ing through the condenser and its tubes, there being a
cireulating pump, an ascending column of water, and a

descending column of water, so that the actual work of

the pump is greatly minimized
eration subserved. |

Heretofore it has generally been found desirable in
using surface condensers in which a circulating pump
draws the cooling water from a-<source of supply and dis-
charges it through the condenser, to submerge the lower
end of the pipe that receives the heated water aftor 18
passage through the condenser in a hot well or discharge
conduit, whose level is the same or nearly the same as
that of the cold well of the cold water supply, in order
that a balanced column ‘effect may be produced upon
the circulating water passing through the condenser
tubes, by which the dtescending column of water assists
the ascending column of water, and the actual work ex-
crted by the circulating p ump 1s then only that due to
the friction caused by the flow of the Water through the
piping and tubes of the condenser, and the energy re-
quired to put the water in motion. Aside from the eco-
nomical feature of this method, the tact that a limited
ch&ﬁge in the levels of the hot and cold wells does not
change the load upon the pump, makes the arrangement
especially advantageous where there is a fluctuation in
these levels, such as is caused by tides, freshets, or
otherwise. This is preéminently so when centrifugal
or turbine pumps arc used to produce the circulation of
the water, because they operate to best advantage and
with least attention when under constant load. Tn =
case of this kind, should the descending column of
heated water from the condenser tubes to the hot well
be too long vertically, or the water be too highly heated
for the vertical distance that it has to fall, vaporization
would take place on account of the vacuum in the de-
scending column, and the balanced column action
would be impaired, because the equilibrium would be

broken. When this occurs, a sudden increase

and economy in the op-

[

| water.

well.

of load | or near the bottom

-

will be thrown upon the circulating pump, and if the
latter be of the centrifugal or turbine type, this increase
of load will result in a rapidly decreasing flow of water,
until, 1 a very short time, the flow may cease entirely.
This 1s especially so if the centrifugal pump is operated

ata constant speed. The action is usually so rapid that

1t 1s 1mpracticable to attempt to increase the speed of
the pump to meet the emergency. IFurthermore, if the
motor driving the pump is capable of such increase 11
speed and consequent increase in load, 1t will, under
ordinary conditions, be consid erably underloaded, with
a resulting loss of efficiency and greater fivst cost of
the plant,

If the circulating water ceases to flow, the engines ex-
hausting into the condenser will at once be thrown into
a non-condensing condition, which would interfere
more or less with their smooth operation, and greatly
with their economy. It would also invelve some difli-
culty in again getting the. condenser in operation. It
is, therefore, of great importance to safeguard the equi-
librium of such a system. |

The cooler the water'is in the descending column
and the greater the atmospheric pressure, the greater

the height that may be employed, and vice versa.
-' Frequently in practice, on account of overloads on the
engines or turbines exhausting into the condenser, at
‘which times steam greatly in excess of the normal

amount may be condensed, or a partial stoppage of the
flow of water by debris, the discharge water is heated

to an abnormally high cdegree, and for this reason it be-
-comes desirable for safe and uninterrupted operation, to

have the descending column as short in vertical height
as possible.  As the ascending column contains water
which has not yet reached the condenser. it is obvionus
that this column is not affectad by the change in tem-
perature produced in the condenser.

Therefore the object of this invention is to shorten

‘the descending column of water to a considerable and

very advantageous extent, and siill obtain the best
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possible effect in the condensing apparatus. In short- 98

ening the column of water I obviously diminish the
length of the pipe leading from the condenser to the hot
This décrease in the length of the pipe is made
possible by the peculiar arrangement of the condenser
shell and its contained tubes, whereby the incoming
exhaust steam is first brought into contact with the
tubes containing the warmest water, and afterwards
Into contact with those tubes containing the coolest
In this arrangement the cooling water is caused
to enter at or near the top of the condenser, and after

. clrculating through the various nests of tubes and per-

forming its cooling funection, it leaves at or near the hot-
tom of the condenser, having become by that -time
heated to a greater or less extent. The steam enters at
of the condenser, at any rate not at
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the top, and is thus brought first into contact with the |

lowermost {ubes which contain the circulating water
in the warmest condition; and the air is brought last
into contact with the tubes containing the coldest water
before this air is removed by the dry vacuum pump.
As the descending column of water is carried through
a pipe attached to the discharee outlet at or near the
bottom of the condenser, it is manifest that this de-
scending column will be shortened several feet in con-
densers of ordinary size. It is moreover possible to use
a bhalanced column in connection with my inproved
condensers when the latter are of extremely large size
where the height of the descending column may be
shortened as much as 12 or 15 feet, or about one-hall of
ihe extreme possibility of use at sea level, and at
normal temperature. In other words my invention
makes practical the use of the balanced column idea
in a great number of situations, and with water of
higher temperatures, and permits of the use of the cen-
trifugal or turbine type of pump for the circulation of
water under a practically constant head or load.

In the annexed drawing illustrating an example ol
my invention, the figure shown 1s'a vertical sectional
view representing the relative arrangement of the dii-
ferent parts of my improved balanced column surface
condenser.

The form of surface condenser illustrated in the draw-
ing is similar to that shown and described 1n my co-
pending application for Letters Patent filed April 16,
1903, Serial No. 152,905. The exhaust steam enters
e shell 1 at or near the bottom through the lateral in-
let opening 2, and passes upward and comes 1nto con-
ract with the tubes carrying the circulating water. The
exhaust steam may however enter the shell higher up;
or it may come in directly at the botton. These circu-
lating tubes are preferably arranged in nests 3, 4 and 9,
50 that the water may pass several times from one end

of the condenser to the other, each pass being made

through a separate nest of tubes. The withdrawal of

ihe air and uncondensable vapor is made at the top of

the shell at some suitable point, as for instance the open-
ing 6, which communicates with some suitable pump,
as for instance a dry vacuum pump; and the water re-
sulting from the condensation of the exhaust steam falls
downward by gravity and leaves the condenser at the
bottom through the opening 7. |

The circulating water reaches the condenser through
the water inlet 8, at or near the top of the shell 1, to
which inlet 8 is attached the water supply pipe 9 lead-
ing from the centrifugal or turbine pump 10. 11 desig-
nates a suction pipe extending vertically for example,
from the cold well 12 to the pump 10. Thus it will be
seen that the circulating pump 10 when actuated de-
livers water to the cooling tubes, the delivery being at
or near the top of the condenser, and that the pipes &
and 11 convey an ascending column of cold water from
the cold well to the condenser.

The cooling water which enters the condenserthroug'h
snlet 8 first enters the chamber 13 from which 1t passes
through the upper nest of tubes 3 to the chamber 14.
From the chamber 14 it fows through the nest of tubes
4 to the chamber 15 and returns thence through the
lower nest of tubes 5 to the chamber 16, from which the
cooling water has exit through the eduction opening 17.
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which leads into the hot well 19. The direction 1n
which this pipe runs may be simply vertical asshown,
or it may lead in any other direction. The levels of the
water in the cold well 12 and hot well 19 vary very little
and may be considered as remaining practically the
same. It will be manifest that the circulating water
passing back and forth through the nests of tubes cx-
posed to the exhaust steam will be warmest when 1t
leaves the condenser and passes downward and outward
o+t the lower side thereof into the discharge pipe 18.
The lowermost nest of tubes with which the steam first
comes in contact contains the warmest water, and the
uppermost nest of tubes with which the air last comes
‘1 contact contains the coolest water, so that conse-
quently the air is the coolest and the circulating water
he warmest at the times respectively when they are
“hout to leave the condenser. Tnasmuch as the dis-
charge pipe 18 for the circulating water is attached to
ihe condenser sheil at or near the bottom of the latter,
it will be obvious that the d cscending column of dis-
charging water will be very much shorter than the
ascending column of incoming water, it being rement-
hered that the water level in both wells remains prac-
tically the same. This shortening of the descending
column of water is made possible by reason of the induc-
tion of the circulating water at or near the top of the
condenser and its withdrawal at or near the boitom
thereof. |

I+ mav here be remarked that generally the two wells;
that is to say, the cold well from which the supply of
circulating water is taken and the hot well into which
it is discharged, are both a part of or connect with the
same body of water, as for instance, a river, pond, or the

‘sea, and hence the levels of both arc virtually the same

and subject to the same fluctuations. The levels heing
therefore practically the same, and when one fluctuates
the other fluctuating similarly, it is evident that with
ihe ascending and descending water columns there 1s

water system whichis balanced statically or equill-

brated. In speaking of hot and cold wellsin conn ection
with the present invention I have been employing terms
woll known in theart, but it is evident that cases may
arise where the wells are omitted and where the supply
and discharge pipes extend directly into the river, pond
or other body of water, in which case there is merely a
submergence or water-sealing of the ends of these pipes
without the utilization of wells separate from but com-
municating with some main body of water, and my
invention covers broadly all these modifications n the
connection of the water columns with the water supply
and the water body into which discharge ismade. Fur-
thermore, in cases where distinct wells are used, or dis-
{inct "quantities of supply and discharge water, and
where pipés connect them with a main body of water
the flow of the water through the pipe from the hot well

to the main body is retarded by the friction in the pipe,

and the result is that the water in the hot well may rise
slightly higher than the level of the water in the cold
well, in which casc there is a slight difference of levels,
thus accounted for, but both levels are subject to the
me Auctuation and are practically the same or would
be were it not for the circumstance explained.

From the foregoing it will be understood that the

water supply may be an ordinary cold well, or the main

Attached to this opening is for example, a pipe 18 | body of water in the river or pond; and that the hot well,
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or discharge body of water, or discharge as I sometimes
call it, may be the usual hot well, or the main body of
water in the river, or any other means for receiving the
heated water from the heated column.

When once the entire circulating system has been
primed with water a double batanced column will be
established including the ascending and descending
columns of water and the tubes in the condenser, and
when once this balanced condition has been established
it will continue so long as the conditions remain the
same, and the only work then done by the circulating
pump when it is operated will be that due to the friction
caused by the flow of the water: and since the descend-
ing column of water through pipe 18 is short there will
be little danger of vaporization, and little danger of a
resulting breaking of the descending column which
would destroy the effect of the double balanced column.
- Having thus described my invention, what I claim
as new and desire to secure by Letters Patent, is:

1. The combination with a surtace condenser located
above the level of the water supply, of a pump circulating
cooling water through a balanced water system comprising

essentially means containing an ascending column to the

top of the condenser and means containine o descending
column from the bottom of the condenser, the ascending
column being drawn by the pumip from (le supply, and the
descending column delivering into a “discharge hody of
witer, both the supply and discharze hody . being on sub-
stantially the same level.

2. The combination with a surface condenser located
above the level of the water supply, of a balanced water
system comprising essentinily means containing an ascend-
ing column of cool water to the top of the condenser and
means containing & descending cotumn of heated water
from the bottom of the condenser. these columns staticalily
balancing each other, and a puwmp taking water from the
supply and circulating it through the syvstem and deliver-
ing it into the discharge body of water. Doth sapply and
discharge body being on substantially the same level.

3. The comDbination with a surface condenser loeated

~above the level of the water supply. of a balanced water

system comprising essentially the condenser. nmicans con-
taining an ascending column of cool water o the top of
the condenser, means containing a descending column of
heated water from the bottom of the condenser. these col-
umns statically balancing each other, and 2 pump civenlat-
ing water through the system, said pump being loeated he-
tween the supply from which the water is taken and the

discharge body into whiclh it is delivered, and the load

npon said pump being unchanced by {uetuations in the
water level, |

4. The combination with a surface condenser located
above the level of the water supply., of an equilibrated
water system comprising essentially the condenser. means
containing an ascending column of water to the top of the
condenser and means containing a descendine column of
water from the Dottom of the condenser, those columus
statically balaneing each other, and a centrifuecal or tur-
bine pump cireulating water through the system from the
supply to the discharge, both the supply and the discharee
body of water being on substantially the same level. |

. The combination with a surface condenser loeatetl
above the level of the water supply., of an eynilibrated
rater system comprising essentially the condenser, means
containing an ascending column to the top of the condenser
and means containing a descending column from thoe hot-
tom ot the condenser, these columns statically halancing
each other, and a centrifugal or turbine pump lociated he-
tween the supply from which it takes the water and the
discharge body into which it delivers the water, both sup-
ply and discharge Dbody Deing on substantially the same
level which is below the condersor.

6. The combination with a surface condenser located
above the level of the water supply, of an equilibrated
water system comprising essentially the condenser, means

containing a column of cool water passing upward to the
top of the condenser, and means containing a column of
heated water passing downward from the hottom of the
condenser, these columns statically halancing each otber,
the descending column being the shorter ot the two, and a
pump circulating cooling water through the system, the
lvad on the pump being unaifected by changes of level in
(he water supply.

7. The combhination with a surtace condenser of a pump
circulating cooling water throungh a balanced column Sys-
tem comprising esseuntially the condenser, means contain-
ine a colun of cool water passing upward to the top of

the condenser, and means containing a column of heated

water passing downward from the bottom of the condenser,
threse columng statically -Dbalancing ench other, and the
lteated column being the shorter of the two, and the hot
and cold wells both on the same level which is helow that
of the condenser, the water being drawn from the cold well
and discharged into the hot well.

S, The combination with a surface condenser located
ghove the level of the water supply, in which condenser
the exhaust steam enters at or near the bottom, of a hal-

anced water system comprising essentially the condenser,

menns containing an ascending column to the top of the

condlenser and means containing a descending colnmn from

the bottom of the condenser, the descending column being
shorter than the ascending column, and a pump circulating
water through the system.

9., The combination with a surtface condenser loeated
above the ‘level of the water supply, in which condenser
fhe exhaust stecam entfers at ov near the hottom, of a cen-
trifugal or turbine pump clivculating water through an
equliibrated water svstem comprising essentially the con-
(lenser, nieans containing an ascending column to the top
of the condenser and means containing a descending col-
nmn froim the hottom of the condenser, the flescending
column being the shorter of the two, the ascending column
being lifted from the supply and the descending column

“delivered into the discharge, both the supply and discharge

being on substantially the same level,

10. The combination with a surface condenser into
which steam is admitted from below, of a centrifugal or
turbine pump circulating water from the cold well through
an equilibrated water system comprising essentially means
contalning an ascending column of cool water to the top
of the condenser and means containing a descending col-
umn of heated water from the hottom of the condenser,
the descending column heing the shorter of the two, and
both the supply and discharge body of water Dbeing on
substantially the same level which is Dhelow the condenser.

11. The combination with a surface condenser, in which

~the exhaust steam enfers at or near the bottom. and the

air leaves at or near the top, of a pump cireulating water
through a balanced column system, consisting essentially
of means containing a column of cool water, and means
containing a column of heated water, the latter leaving
the condenser below the entrance of the former and heing
tlie shorter of the tiwo, gaid pump being loeated Dhetween
the supply and discharge of the system.

12, The combination of a surface condenser in which
inlet for the exhaust steam is below the outlet for the
air. of a centrifugal or turbine pump circulating water
from a supply through a balanced column system having
the exit of the heated column of water below the inlet of
the cool eolumn of water, the heated column being shorter

than the cool column, and means containing the columns
of water.

13, The combination of a surface condenser located
above the level of the water supply and in which the in-
let for the exhaust steam is Dbelow the outlet for the air,
and a centrifugal or turbine pump circulatinge water from
the supply through a balanced eolumn system having the
outflow of the heated column of water below the inflow of
the cool column of water, the heated column being shorter

than the cool column, together with means containing the
columns of water.

14. The combination with a surface condenser, of a cen-
tritugal or turbine pump circulating water through an
equilibrated water system of which the condenser forms
a ‘part, said pump heing located between the supply and
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the discharge of the system, means containing a column
of cool water flowing to the top of the condenser, and
means containing a column of heated water flowing from
the bottom of the condenser, the heated column heing the
shorter of the two.

15. The combination with a surface condenser, in which
the exhaust steam enters at or near the bottom, of 2 cen-
trifugal or turbine pump cirenlating water from g supply
through a Dbalanced coiumn system, the latter including
means containing an ascending column of cool water
and means containing a descending column of heated wa-
ter, the heated column being the shorter.

16. The combination with a surface condenser in which
exhaust steam enters at or near the bottom of the con-
denser and the air leaves at or near the top of the con-
denser, of a centrifugal or turbine pump circulating water
from a supply through a Dalanced column system, the Iat-
ter comprising essentially means containing a column of
cool water and means containing n column of heated wa-
ter, the latter leaving the condenser helow the entrance of
the former, the heated column being the shorter.

17. The combination with a surface condenser in which
the exhaust steam enters at or near the botiom and the
air leaves at or near the top, of a centrifugal or turbine
pump circulating water through a balanced column sys-
tem, means for carrving the cool water to the top of the
condenser, means for carrying the warm water from the
bottom of the condenser, the column of warm water being
shorter than the column of cool water.

18. The combination with a surface condenser in whieh
the inlet for the exhaust steam is Delow the outlet for the
air, of a cold well and a hot well, hoth wellg heing on sub-
stantially the same level and both located bhelow the con-
denser, and a pump intermediate of the wells and circu-
lating water through a balanced column system of whielh
the condenser forms a part, said system comprising es-
sentially means containing a column of cool water and
means containing a column of heated water, the latter
leaving the condenser below the entrance of the former,
the heafed column being shorter than the cool column.

19. The combination with a surface condenser in which
the inlet for the exhaust steam is below the outlet for the
air, of a cold well and a hot well, both located Delow the
condenser, and a pump intermediate of the wells and cir-
culating water through a balanced column system of
which the condenser forms a part, said system comprising
essentially means containing a column of cool water and
means containing a column of heated water, the heated
column being shorfer than the cool columa. '

20. The combination with a surface condenser consist-
ing essentially of a shell containing a plurality of nests or
groups of tubes for the cooling water, and in which the ex-
haust steam comes first in contact with the lowest nest of
tubes containing the warmest water, of 2 pump cireulat
ing water from a suitable supply through a balanced col-
umn system consisting essentially of means containing
ascending and descending columns, the former communi-
cating with the uppermost nests of tubes and the latter

- communicating with the lowermost nest of tubes, the de-

scending column being shorter than the ascending column.

21. The combination with a surface condenser consist-
ing essentially of a shell containing a plurality of nests
of tubes for the cooling water and in whiell the exhaust
steam comes first into contact with the lowermost nests
containing the warmest water, of an inlet above for the

868,389

| cooling water to enter the tubes, an outlet below for it to
leave them, a centrifugal or turbine pump circulating wa-
ter through a balanced column system which inecludes the

condenser, means for carrying an ascending column of
water to the upper inlet, and means for conveying the
descending column of water from the lower outlet, the

descending column being shorter than the ascending col-

LLITL T,
tji}

e

I'he combination with a surface condenser in which
the exhaust steam comes first into contact with the tubes
below the point at which the air leaves them, of a pump

circulating cooling water through an equilibrated water

system, consisting essentially of the condenser, means
containing an upwardly moving stream of water and
means containing a downwardly moving stream of water,
the latter being shorter than the former.

23. The combination with a surface condenser situated

above the level of the water supply in which the exhaust

steam enters at or near the bottom, and the cooling water
enfers at or near ‘the top, of a Dhalanced column system

consisting of the condenser, means containing an ascend-
ing column of water to the top thereof, means containing

a descending column of water from the bottom thereof, a

cold well from which the ascending column rises, a hot’

well into which the descending column flows, and circu-
lating means for establishing and maintaining the flow,

both wells being on substantially the same level which is

beiow that of the condenser. ﬂ

Z4. ''he combination with a surface.condenser in which
the exhaust steam enters at or near the hottom and the
cooling water enters at or near the top, of a halanced col-
uinn system including the condenser, means containing a
column of water flowing from the bottom thereof, said
column Dbeing shorter than the column of cool water enter-
ing at the top, means carrying the latter column, and a
centrifugal or turbine pump included within the system

for establishing and maintaining the flow, said pump be-.

ing located Detween the supply and discharge of the sys-
tem.

25. The combination with a surface condenser compuis-
ing a shell containing nests or groups of tubes and in
which the exhaust steam comes first into contact with the

tubes containing the warmest water, and the air comes -
lagt into contact with the tubes containing the coolest

water, of a centrifugal or turbine pump circulating water

through a balanced column system consisting of means

containing an ascending colummn, the tubes of the con-
denser, means containing a descending column, the latter
column being shorter than the ascending column.

26. The combination with a surface condenser contain-
ing nests or groups of tubes for the cooling water, through

which tubes the water flows from the top of the condenser

to the bottom so that the warmest tubes are at the bottom
and the coolest at the top, and in which the exhaust steam

first comes into contact with the warmest tubes and the

air last in contact with the coolest tubes, of a pump to re-
move the air, and water-circulating means to circulate
water through a balanced column system whose descending
column is shorter than the ascending column, and means
containing the water columns. |
sSigned at New York this 4th day of February 1904.
LOUIS R, ALBERGER.

Wwitnesses :
Jorux H. HazerrmonN,
A, Tl SAMURLS.
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