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UNITED STATES

1,935,864

PATENT OFFICE

1935864
SURFACE CONDENSER

Townsend Tinker and Harold M. Graham, Buf- -
falo, N. Y., assignors, by mesne assignments, to
Ross Hea.ter & Manufacturing Company, Inc.,
Buffalo, N. Y., a corporation organized in New

York in 1933

‘Application January 13,

13 Claims.

This invention relates to improvements in sur-
face condensers of the type in which condensing
or cooling tubes are arranged longitudinally in a
condensing chamber through which ‘the vapor is
caused to flow.

One object of the 1nvent10n is a novel construc-
tion and arrangement of the parts of the con-
denser whereby the efficiency of the latter is of a
high value owing to the relatively high tempera-
ture at which the condensate is withdrawn from
the condenser, this object contemplating the use
of the condensate as a cooling medium for a por-
tion-of the vapor which is delivered to the con-
densing chamber.

A further object is to provide a large cooling
surface over which the vapor is substantla,lly uni-
formly distributed.

A still further object is to prov1de for the recov-

“ery of a substantial part of the condensible con-

stituents entrained by the air and other uncon-
.densable vapors in order to enable the mainte-
nance of'a high vacuum in the condensing cham-
ber. -

The invention is illustrated 1n the accompany-
ing drawings; in which;

Figure 1 is a side elevation of a  condenser
constructed in accordance with the invention.

Figure 2 is a vertical section taken along line
2—2of Figure 1.

. Figure 3 is a vertical section taken along line
3—~3 of Figure 1.-

Figure 4 is a longitudinal sectlon taken along
line 4—4 of Figure 1, the heads of the condenser
being shown in elevation;

The condenser, as illustrated, includes an out-
ershell 6 of conventional form: ‘having a steam
inlet 7-and a hot well 8 with an outlet connection
8a for the withdrawal of the condensate.
The condensing ‘chamber which is provided by
the cshell is traversed by tubes 9 and 9a which are
connected at their outer ends to tube sheets 10 and

11, Heads 12 and 13 are secured against the tube
sheets 10 and 11 respectively, the former being

provided with an inlet 14 .(seé Figure 2) and an
outlet 15 for the cooling medium. The inlet 14

‘communicates with an inlet chamber 16 which is

separated from the outlet chamber 17 by a parti-
tion 18. The head 13 provides the usual single
chamber. The tubes 9 extend through the con-
densing .chamber and connect the chambers 16
and 17 of the head 12 to the single chamber pro-
vided by the head 13.

In accordance with the invention the tubes 9
are arranged in the condensing chamber in such
a manner as to present a large cooling surface

1932.

Serial No. 586,344
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over which the vapor is substantially uniformly
distributed. To this end the said tubes are ar-
ranged in two opposed arched banks 19. The
latter are spaced from each other at the opposite
sides of the condensing chamber and provide
an inlet passage or chamber 7¢ which is in direct
communication with the steam inlet and from
which the steam may enter the spaces between
the tubes in the banks. 'The banks 19 are so ar-
ranged that the width of the inlet passage or
chamber is greatest at the sides of the banks
adjacent the steam inlet, the said passage con-
verging generally in the direction of the opposite
sides of the banks. This arrangement has. the
advantage that the resistance offered to the flow
of the steam is substantially uniform throughout
the extent of the banks. Hence, the steam is ap-
portioned substantially uniformly over the c¢ooling
surface provided by the tubes..

As best shown in Figures 3 and 4, the tubes of
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the two banks are supported within the shell by -

arcuate baffles 20. The latter are arranged to
provide alternate pairs of spaced bafiles between
which single baffles are arranged, the latter being
positioned opposite the spaces between the spaced
‘baffles of the adjacent pairs so as to provide a
tortuous path of flow for the vapor.

Among other factors, the efficiency of a con-
denser depends upon the temperature at which
the condensate is withdrawn from the condensing
chamber, it being advantageous that the tem-
perature of the condensate be of a value as close
to boiling point as practical. In the construction
shown a part of the steam which is condensed
by contact. with the cooling tubes 9 is of a rela-
tively low temperature. In accordance with the
invention, this condensate is caused to come into
intimate contact with ‘a portion of the incom-
ing vapor. To this end a bafle 21 is included in
each bank of the tubes 9. The said baflles extend
lengthwise of the condensing chamber and pref-
erably slope downwardly in the direction of their
adjacent.sides so-as to facilitate the flow of the
condensate toward the inlet passage 7Ta. The ad-
jacent sides. of the bafiles 21 extend into the inlet
passage and the condensate, therefore, which falls
upon the said baffles is conducted by the latter
into the said passage and hence into the path of
the incoming vapor. That portion of the vapor,
therefore, which approaches the bottom of the
passage7a comes into contact with the condensate
flowing from the bafles and heats the latter.

-The adjacent sides of the baffles 21 extend over
channel shaped troughs 22 which are arranged in
the bottom of the condensing chamber in the
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‘arcuate baffies or shields 25.

2

inlet passage Ta. At their inner ends, the troughs
22 terminate over the outlet opening 23 of the
condenser (see Figures 1 and 4). In the opera-
tion of the condenser, the condensate from the
baffles 21 is conducted to the troughs 22 and from
the latter flows through the outlet opening into
the hot well 8. The condensate thus collected
may be withdrawn from the hot well through
suitable connections 8¢. It will be apparent that
the troughs 22 provide the bottom of the passage
Ta. Hence, that portion of the steam or vapor
which approaches the bottom of the said pas-
sage comes into contact not only with the con-

-densate flowing from the baffles 21 but also into

contact with the condensate flowing along the
troughs. The efficiency, therefore, of the con-
denser will be high owing to the high tempera-

ture of the condensate conducted to the hot well 8.

In the use of a condenser it is desired to main-
tain as high a vacuum as is practical in the con-

-densing chamber and it is preferred, therefore, to

effect the withdrawal of the air and uncondensed
vapors from the condensing chamber as fast as
they are infroduced. The value at which the
vacuum may be maintained is dependent among
other factors upon the percentage of condensable
vapors entrained by such air and -uncondensable
vapors. Those vapors which pass through the
banks: 19 include a substantial portion of con-
densable vapors. - In order to recover such con-

‘stituents means is provided within the condensing
-chamber for -further treatment of such vapors.

The said means, as illustrated, inciudes secondary
tube banks 24, one of which is arranged- behind
each of the arched banks 19. ' 'The tubes 9a of the
banks 24 are arranged throughout the greater
portion of their length in passages provided by
As illustrated, two
such baffles or shields are empleyed in connection
with each secondary bank, the baffles or shields
being spaced at their -outer ends from the ad-
jacent tube sheets and being spaced apart at
their adjacent inner ends thereby providing en-
trances through which the air and uncondensed
vapors enter the passages provided by the baffles.
Deflectors 25a are carried by the arcuate baffles
or shields 25. The said deflectors project over

-the outer sides of the baffles 21 and hence any

condensate dripping from the upper tubes in the
banks 19 upon the shields 25 is conducted by the
deflectors to the bafles 21. The latter are pref-
erably upturned at the outer sides as at 21« so as
to insure flow of the condensate toward the pas-
sage Ta. : ‘

Outlet connections 26 are provided upon the
shell intermediate the ends of the bafiles or shields
25. By virtue of this construction the air and
uncondensed vapors which have passed through
the tube banks 19 in a direction substantially
transverse of the condensing chamber are caused
to flow through the passages provided by the
baffles 25 in a direction substantially lengthwise
of the said chamber. A tortuous course through
the said passages is preferably provided by trans-
verse baflles 28¢q, the latter being arranged in sub~
stantially the same manner as the baffles 20.
From the passages provided by the shields 25

‘the uncondensed vapors pass by way of the outlet

connections 26 to vapor coolers 27 which are
carried upon the outer sides of the shell 6 and
wherein a part of the remaining moisture is con-
densed. .

Each of the vapor coolers, as illustrated, in-
cludes a cylindrical shell 28 which provides a
cooling chamber in which cooling tubes 29 are

~ward the outlet 31.

1,935,864

arranged. The coolers also include the usual
heads 30 by which the cooling medium is caused
to-flow through the tubes.

The coolers 27 are formed or provided with
outlets 31 which are adapted to be connected
to suitable evacuators for withdrawing the air
and uncondensed vapors from the condensing
chamber and for maintaining the desired vacuum
in the said chamber. Bailles 27a are arranged in
groups at each side of the outlet 31 between the
latter and the connections 26, the said baffies
comprising alternate rings between which are
arranged the remaining bafiles which are in the
form of discs. It is preferred that the distance
between the baffles in each of the groups pro-
gressively decrease from the connections 26 to-
By virtue of this construc-
tion the air and uncondensed vapors are main-
tained. at a high velocity in their passage to the
outlet 31, thereby facilitating the removal of a
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“substantial part of the condensable constituents

entrained in such vapors. The arrangement,
therefore, has the advantage that it enables the
maintenance of a high vacuum in the condensing
chamber, thereby increasing the efficiency of the
condenser. ) .

From the foregoing, it will be apparent that
the steam or vapor which is delivered to the con-
denser is distributed over a relatively large cool-
ing surface, the efficiency of the condenser being 105
increased by utilizing the condensate thus formed
as a cooling medium for a portion of the incoming
steam and by treating the uncondensed vapors to
cool them and remove any entrained condensable
constituents.

We claim as our invention:

1. A surface condenser including a casing which
provides a condensing chamber and which is
formed with an inlet to said chamber, banks of
tubes arranged at opposite sides of said chamber,
the tubes in said banks being arranged to provide
a central passage which is in direct communica-
tion with said inlet and which in cross-section
converges from the. sides of the banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said
tubes to the vapor entering said chamber is sub-
stantially uniform throughout the extent of said
banks and oppositely inclined bafiles arranged
lengthwise of: said chamber for conducting con-
densate into said passage at a point above the
bottom of said chamber so that it is utilized as
a cooling medium for a portion of the incoming
vapor, said bafles being located adjacent the bot-
tom of said chamber and being inclined at such 1
an angle that the condensate flows over them in
a sheet-like film prior to its discharge into said
passage. i

2. A surface condenser including a casing which
provides a condensing chamber and which is i35
formed with an inlet to said chamber, opposed
arched banks of tubes arranged in said chamber,
the tubes in said banks being arranged to provide a
central passage which is in direct communication
with said inlet and which in cross-section con- -4
verges from the sides of the banks adjacent said
inlet in the direction of their opposite sides,
whereby the. resistance to flow offered by said
tubes.to the vapor entering said chamber is sub-
stantially uniform throughout the extent of said - 43
banks and oppositely ‘inclined baffles arranged
lengthwise of said chamber which are adapted to
conduct - condensate into said passage at a point
above the bottom of said chamber so that it is uti-
lized as acooling medium for a portion of the in~ 159
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coming vapor, said baffles being located adjacent
the bottom of said chamber and being inclined at
such an angle that the condensate flows over

. them in a sheet-like film prior to its discharge

into said passage.

3. A surface condenser including a casing
which provides a condensing chamber and which
is formed with an inlet to said chamber, banks
of tubes arranged at opposite sides of said cham-

“ber, the tubes in said banks being arranged to
provide a central passage which is in direct:

communication ‘with said inlet and which in
cross-section . converges from the sides of: ‘said
banks adjacent. said inlet in ‘the direction of
their- opposite sides, whereby the resistance to
flow offered by said tubes to the vapor entering
said chamber is substantially uniform through-
out the extent of said banks, oppositely inclined
baffles arranged lengthwise of said chamber for
conducting condensate into said passage at a
point above the bottom of said chamber so that it
is utilized as a cooling medium for a portion
of the incoming vapor and outlets in said casing
behind said banks through which the air and
uncondensed vapor are withdrawn from said con-

“densing’ chamber, said baffles being located ad-

jacent the bottom of said chamber and being in-
clined at such an angle that the condensate
flows over them in a sheet-like film prior to its
discharge into said passage. SR

4. A surface condenser including a. casing
which provides a condensing chamber and which
is formed with an inlet to said chamber, banks
of tubes arranged at opposite sides of said cham-
ber, the tubes in said banks beirig arranged to
provide a passage which is in’ direct communi-
cation with said inlet and which in cross-section
converges from the sides of the banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said
tubes to the vapor entering said chamber is sub-
stantially uniform throughout the extent of said
banks, baffles arranged lengthwise in-said con-
densing chamber which are adapted to conduct
condensate into said passage so that it is utilized
as a cooling medium for a portion of the incom-
ing vapor, said casing being formed with an out-
let for the condensate ‘and a trough arranged
beneath said baffles for receiving the condensate
from said baffles, said trough being -adapted to
conduct the condensate to said condensate outlet.

5."A surface condenser including a casing

which provides a condensing chamber and which. -

is formed with an outlet to said chamber, banks
of tubes arranged at opposite sides of said cham-

ber, the tubes in said banks being arranged to

provide a passage which is in direct communi-
cation with said inlet and which in cross-section
converges from the sides of said banks adjacen’
said inlet in the direction of their opposite sides,
whereby the- resistance to flow offered by said
tubes to the vapor entering said chamber is sub-
stantially uniform throughout the extent of said

banks, baffles arranged lengthwise of said con- -

densing chamber which are adapted to conduct
condensate into said passage so that it is utilized
as a cooling medium for a portion of the incom-
ing vapor, said casing being formed with an
outlet for the condensate, a trough arranged
beneath said baffles for receiving the condensate
from said baffles, said trough being adapted to
conduct the condensate to said condensate outlet,
the condensate in said trough being exposed to
the incoming vapor and other outlets formed in
said casing behind said banks of tubes through

3
which the air and uncondensed vapor are with-
drawn from said condensing . chamber.

6. A surface condenser including a casing

which provides a condensing chamber and which

is formed with an inlet to said chamber, opposed .

arched banks.of tubes arranged at opposite sides
of said chamber, the tubes in said banks being

‘arranged to provide a passage which is in direct

communication with said inlet and which in

cross-section converges from the sides of said -

banks adjacent said inlet in the direction of
their opposite sides, whereby the resistance to
flow: offered by said tubes to the vapor entering
said chamber is substantially uniform through-
out the extent of said banks, baffles arranged

-lengthwise of said condensing chamber which are

adapted to conduct condensate into said passage
so that it is utilized as a cooling medium for
& portion of the incoming vapor, said casing
being formed with an outlet for the condensate,
a trough arranged beneath said baffles for receiv-
ing the-condensate conducted to said passage and
for conducting the condensate to said conden-
sate outlet, the condensate in said trough being
exposed to the incoming vapor and other outlets
formed in said casing behind said banks of tubes
through which the air and uncondensed vapor
are withdrawn from said condensing chamber.

7. Asurface condenser including a casing which
provides' a condensing chamber and which. is
formed with an inlet to said chamber, primary
Banks of tubes arranged at opposite sides of said
chamber, the tubes in sdid banks being arranged

- to provide a passage which is in direct communi-

cation with said inlet and which in cross-section
converges from the sides of said banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said tubes
to the vapor entering said chamber is substan-
tially uniform throughout the extent of said
banks, seccndary banks of tubes arranged in said
casing behind said primary banks, outlets behind
said. secondary banks through which the air and
uncondensed vapor are withdrawn from said con-
densing chamber, shields encasing portions of said
secondary banks of tubes for providing passages
extending lengthwise of said condensing chamber,
said outlets being so positioned relative to said

‘shields that the vapor remainingz-after passage
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through said primary banks of tubes is caused to 1

flow through said passages lengthwise of said
chamber to said outlets.

8."A surface condenser including a-¢asing which . .

provides a condensing chamber and which: is
formed with an inlet to said chamber, primary
banks of tubes arranged at opposite sides of said
chamber, the tubes in said banks being arranged

‘to provide a passage which is in direct communi-

cation with said inlet and which in cross-section
converges from the sides of said banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said tubés
to the vapor entering said chamber is substantially
uniform throughout the extent of said banks, sec-

ondary banks of tubes arranged in said casing be- 3
‘hind said primary banks, outlets behind said sec-

ondary banks through which the air and uncon-
densed vapors are withdrawn from the condensing
chamber, shields encasing portions of said sec-
endary banks of tubes for providing passage which
extend lengthwise of said condensing chamber,
said. outlets being so positioned relative to said
shields that.the vapor remaining after passage
through said primary banks of tubes is caused to
flow through said passages lengthwise of said

130

135

148




©10

16

- 20

.26

~39

35

40

45

; 5_5"_

70

7%

4

chamber to said outlets and baffles in said passages

for caucing the vapor to traverse a sinuous course
therethrough.

9. A surface condenserincluding a casing which
provides a condensing chamber and which -is
formed with an inlet to said chamber, opposed
arched banks of tubes arranged at opposite sides
of said chamber, said banks of tubes providing a
passage which is in direct communication with
said inlet and which in cross-section converges

from the sides of said banks adjacent said inlet.

in the direction of their opposite sides, whereby
the resistance to flow offered by said tubes to the
vapor entering said chamber is substantially uni-
form throughout the extent of said banks, sec-
ondary banks of tubes arranged in said casing
behind said arched hanks of tubes, outlets in said
casing behind secondary banks of tubes through
which the air and uncondensed vapor are with-
drawn from said condensing chamber and shields
over said secondary banks of tubes for providing
passages extending lengthwise of said chamber,
said - outlets. being so arranged relative to said
shields that the vapor remaining after passage
through said arched banks of tubes is-caused to
flow through’ said passages lengthwise of said

~chamber to said outlets.

10. A. surface condenser including a casing
which provides a condensing chamber and which
is formed with an inlet to said chamber, opposed
arched banks of tubes arranged at opposite sides
of said chamber, said banks being arranged to
provide a passage which is in direct-communica-
tion with said inlet and which in cross-section
converges from the sides of said banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said
tubes to the vapor: entering said chamber is sub-
stantially uniform throughout the extent of said
banks, secondary banks of tubes arranged in said
casing behind said arched banks, outlet openings
in said  casing behind said secondary . banks
through which the air and uncondensed vapors
are withdrawn from said chamber, shields over
said secondary banks of tubes for providing pas-
sages extending lengthwise of said condensing
chamber, said ouilets being so arranged relative
to said shields that the vapor remaining after

~ passage ‘through said arched banks of tubes is

caused to flow through said passages to said out-

» ‘lets and bafflés arranged in said passages for caus-
ing the vapor to traverse a sinuous course.

.11. A surface condenser including a casing

'whxch provides a condensing chamber and which

is formed with an inlet to said chamber, primary
banks of tubes arranged at opposite sides of said
chamber, the tubes in said banks being arranged
to-provide a passage which is in direct communi-
cation with said inlet and which in. cross- -section
converges from the sides of said banks adjacent
said inlet in the direction of their opposite sides,
whereby the resistance to flow offered by said

tubes to the vapors entering said chamber is sub-
stantially uniform throughout the extent of said.

banks, secondary banks of tubes arranged in said
casing behind said primary banks, outlets in said

1,035,864

casing behind said secondary banks through which
the air and uncondensed vapor are withdrawn
from said condensing chamber, shields over said
secondary banks of tubes for providing passages
extending lengthwise of said chamber, said outlets

being so positioned relative to said shields that the '

vapor remaining after passage through said pri-
mary barnks of tubes is caused to flow through said
passages. to said outlets and vapor coolers in com-

-munication with said passages through said out-

lets.

12. A surface condenser  including a casing
which provides a condensing chamber and which
is formed with an inlet to said chamber, opposed
arched banks of tubes arranged at opposite sides
of said chamber, the tubes in said banks being ar-
ranged to provide a passage which is in direct

“communicteion with said inlet and which in cross-

section converges from the sides of said banks ad-
jacent said inlet in the direction of their opposite
sides, whereby the resistance to flow off ered by said
tubes to the vapor entering said chamber is sub-

_stantially uniform throughout the extent of said

banks, secondary banks of tubes arranged in said
casing behind said arched banks, outlets in said
casing behind said secondarybanks through which
the air and uncondensed vapor are withdrawn
from said condensing chamber, shields over said
secondary banks of tubes for providing passages
extending lengthwise of said condensing cham-
ber, said outlets being so-positioned relative to
said shields-that the vapor remaining after pas-
sage through said arched banks of tubes is caused
to flow through said passages. to said outlets and
coolers in communication with said condensing
chamber through said outlets.

13. A surface condenser. including a casing
which provides a condensing chamber and which
is formed with an inlet to said chamber, opposed
arched banks of tubes arranged at opposite sides
of said chamber, the tubes in said banks being
arranged to provide a passage which is in direct
communication with said inlet and which in cross-
section converges from the sides of said banks

.adjacent said inlet in the direction of their op- -

posite sides, whereby the resistance to flow of-
fered by said tubes to the vapor entering said
chamber is substantially uniform throughout the
extent of said banks, secondary banks of tubes ar-
ranged in said casing behind said arched banks,
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outlets in said casing behind said secondary banks

through which the air and uncondensed vapor are
withdrawn from said condensing chamber, shields
over said secondary hanks of tubes which provide
passage extending lengthwise of said. condensing

1)

chamber, said outlets being so positioned relative =

to said shields that the vapor remaining after
passage through said arched banks of tubes is
caused to flow through said passages to said out-

lets, coolers in communication with said condens-

ing chamber through said outlets and baflles in
said coolers arranged. to maintain. the flow of the
vapor at a high velocity during its passage to the
outlets of said coolers.
TOWNSEND TINKER.
HAROLD M. GRAHAM.
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