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. HEAT-EXCHANGING APPARATUS.
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This invention relates to heat exchanging

'-appa.rat'us and pa.rticularlg pertains to coun-

terpassing condensers, fractionating con-
densers, coolers and the like. '
It is common practice to construct heat ex-
changers with an outer shell, through which
a flow of fluid to be cooled is maintained and
within which shell .a tube nest 1s posit-io_ned
to provide a plurality of circulating passage-
ways for a cooling fluid, a heat exchange tak-
ing place between the fluid outside of the
tubes and the fluid inside the tubes. .
 Practice has demonstrated that in most
cases counterflow of the two fluids is de-
sirable. L S |
If the two fluids pass through the appa-
ratus in a single pass each, the apparatus
may become impracticable and uneconomical
on account of size and cost.
~ In some heat exchangers, a multipass ar-
rangement has been made whereby the fluids
between which heat exchange takes place,
make ‘a plurality of passes back and forth
throughout the length of exchanger; this
construction has the advantage of compact-
ness, but frequently at the expense of the
counterflow principle. - -
The objeéct of the present invention 1s to
provide an arrangement whereby a plurality
of passes through the apparatus is combined
with counterflow of the fluids in a multi-
pass heat exchanger. L |
The present invention contemplates the use
of an enclosing shell through which a fluid
may flow, and within which shell 1s disposed
a set of tubes through which another fluid

~ flows, said shell and tubes being so arranged

£5

that a counterflow of the two fluids will be
effected through a length of counterflow pas-
SAZeWaYs.| - -

The mvention is illustrated by way of ex-
the accompanying drawings, In

ample 1n

which:

~ Fig. 11s g view in longitudinal central sec-

tion showing one form of the present inven-
tion. | - | -
Fig. 2 is a view in transverse vertical sec-

~ tion as seen on line 2—2 of Fig. 1.

50
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Fig. 8 is & view showing another form of
the present invention as seen on 1ts central
longitudinal section line. _

Fig. 4 is a view in transverse section
through the form of the invention shown in
Fig. 3, as.seen on the line 4—4 of Fig. 3.

Fig. 5 is a view in transverse section

- of the tubes terminatin

'through the opposite end of the exchanger as

seen on line 5—5 of Fig. 3.

Fig. 6 is a diagrammatical view showing
the flow of the two fluids through the shell
and the groups of tubes. o

Referring more particularly to Figs. 1 and
2 of the drawings, it will be seen that a shell
10 is provided having an imduction port 11
and an eduction port 12. A fluid flows longi-
tudinally through the shell from the induc-
tion port 11 to the eduction port 12.
opposite ends of the shell are closed by a

The
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dome 13 at one end and a cap 14 at the oppo-

site end. - The dome 13 is substantially cy-

lindrical in shape and is formed with an
outer cylindrical wall 15 having a-trans-
verse web or partition member 16, This
member does not divide the interior of the

dome into equal parts, but is so arranged as.

to form two compartments of predetermined
unequal cross sectional area, as more clearly
shown 1n Fig. 2 of the drawings.

The outer end of the dome is closed by a
cover plate 17, while the inner end of the
dome 1s closed by a tube sheet 18 of a tube
nest 19. The tube nest comprises a plurality

70
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of parallel longitudinally extending tubes 20 -
connected to tube sheet 18 at one end and a

tube sheet 21 at the opposite end. The dome
member 15 1s formed with an induction port

22 and an eduction port 28 communicating

with the compartments 24 and 25, into which
the dome 1s divided by the partition walls 16.

‘The compartment 24 as seen in Fig..2 is of
relatively small sectional area and communi-

cates with a small number of tubes 20, as

compared with the aggregate number of
tubes in the tube nest. The compartment 25
communicates with the remaining tubes. All
in the tube sheet 21

are iIn communication by a cap 26 which is

secured over the end of the tube sheet 21

and diverts the fluid passing through the tube

85
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05

sheets In communication with compartment

24 to the tubes communicating with the en-
larged compartment 25. - '
The entire volume of fluid circulating

through the shell passes from induction open-
1ng 11 to eduction opening 12 in the direction
of the arrow

a—. The fluid delivered
through the induction opening 22 of the dome
passes at high velocity through the tubes 1n
communication with the compartment 24

and, of course, in the same direction, as the -
114

direction of flow of the fluid in the shell.

100

108

-



o

When passing through the ends of the tubes

in the tube nest 21 the fluid from compart-

1l

ment 24 will return in counterflow through
the tubes which communicate with compart-
ment 25 and in the direction of the arrow
—b—. This will provide counterflow of the
two fluids. R | |

In the form of the invention shown in Fig.
3. shell 27 i1s provided. This shell is formed
with a central longitudinal partition wall 28

‘which extends from one end of the shell to

terminate at a point adjacent the opposite end
of the shell, although somewhat short of the
full length of the shell. | |

At the end ¢f the shell at which the'longi-
tudinal partition terminates substantially
flush with the end, an induction port 29 and

“an eduction port 30 are provided upon oppo-

()
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site sides of the partition wall 28. The end
of the shell adjacent the ports 1s closed by a
tube sheet 31 on the outside of which 1s a cy-
lindrical dome 32. The dome is provided
with a cover plate 33 and 1s divided into pas-
sageways 34, 35, 36 and 37. These passage-
ways are formed by radially extending parti-
tion walls, as indicated more particularly in
section in Kig. 4 of the drawings. |

A fluid induction port 38 communicates
with the segmental passageway 34 and a fluid
eduction port 39 communicates with the seg-
mental compartment 37 of the dome. The
compartments 34 and 37 are sectors of the cir-
cle, each being measured by substantially one-
sixth of the circumference of the circle and

separated by a partition wall 40 which also

separates the induction port 38 and the educ-
tion port 39. The compartments 35 and 36

are sectors of the circle, each including sub-.
stantially one-third of the circumference of:
‘the circle and divided by a partition wall 41

extending diametrically opposite from the

~partition wall 40. The compartments 34 and

35 are separated by radially extending par-
tition wall 42 and the compartments 36 and
37 are separated by radially extending parti-
tion wall 43. The opposite end of the shell

27 from the end upon which the cylindrical

&)

dome 82 is mounted is closed by a tube sheet

-44, on the outside of which is a cap 45. The

cap 45 is divided into three compartments of
sector shape, as indicated at 46, 47 and 48.
These compartments are separated by radial-
ly extending walls.

- rates compartments 46.and 47, and wall 50

1)

LA

separates compartments 47 and 48, and a wall

51 separates compartments 46 and 48.

By comparing Figs. 4 and 5 of the draw-
ings, it will be seen that wall 40 in the dome
32 is in the same plane and in longitudinal
alignment with wall 51 of the cap 45,and that
walls 49 and 50 in the cap 45 are spaced at
one hundred twenty degrees to wall 51, so
that viewed collectively the radial walls in
the dome 32 and the cap are arranged at sixty
degrees to each other, which divides the set

Such a wall 49 sepa-

1,683,236

of tubes into six sets indicated by the refer-
ence characters A, B, C, D, E and F, each set
being defined by a sector representing ap-
proximately one-sixth of the sectional area of

‘the shell. - |

In operation of the apparatus shown in
Figs. 8 to 5 inclusive, a fluid to be cooled may
pass 1nto the shell 27 through induction port
29 and then flow lengthwise of the shell along
the passageway of the semi-circular section,
as defined by the shell wall, and the longitudi-
nal partition member 28. When the fluid
has reached the opposite end of the partition

member from its induction end, it will pass-
~around the end of the partition member 28

and between this end and the tube sheet 44
through a passageway 52. The fluid will
then return along the lower passageway of
semi-circular section to the eduction port 30.

Cooling fluid 1s delivered to the dome 32

through induction port 38 and into compart-

ment 34 defined by the radial walls 40 and
42. T'he cooling ﬂ?lid will then flov: length-
wise of the set of tubes indicate ! by the
character A. This fluid will pass out of this
set. of tubes A and into ¢ompartment 46
formed 1n the cap 45 at the opposite end of
the shell. The compartment 46 1s represent-
ed by a sector of twice the arcuate length of
compartment 34 and so arranged that the
compartment 46 will overlap the compart-
ment 34 by.substantially one-half its arcu-
ate length. This will cause the fluid which
flowed through the pipes A in exclusive com-

munication with compartment 34 to be di-

verted into plpes B exclusively communicat-

ing with the compartment 46 at the cap end.

80
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of the shell and the compartment 35, at the

dome end of the shell.

The fluid which has now passed to com-
partment 35 in the dome by flowing through
tubes B will be diverted from compartment
35 to tubes C which communicate with the
other half of compartment 35 and extend to
the opposite end of the shell where they com-

‘municate with compartment 47 of the cap.

The fluid will then flow through compart-
ment 47 of the cap. The fluid will then find

10

1

its way Into the set of tubes D in communica-

tion with the compartment 47 at one end and
the compartment 36 in the dome. The fluid

1

in compartment 36 will be diverted from the

set of tubes D to the set of tubes E and wall

again flow throughout the length of the shell

to compartment 48 in the cap. Here the flmd

will pass from piges E into compartment

48 and then into tubes F which communicate

~ with this compartment and also communicate

at the opposite end with compartment 37 of
the dome. When the fluid reaches this com-
partment 1t passes from the exchanger
through education port 388. o
By considering the apparatus, it will thus
be evident that in a shell of relatively small
area and length it is possible to obtamn a

120
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large area of heat exchange surface distrib-
uted throughout length of fluid passageway
while the fluid 1s flowing countercurrent.
By further analysis it will be seen that 1n
the upper half of the heat exchanger, fluid

flows in the direction of the arrow —a— - Hla 1
I claim and desire to secure by Letters Pat-

~and that in the lower passageway the fluid

i)

flows in the direction- of the arrow —b—.
However, the cooling fluid which flows
through the tubes makes six passes while the
fluid 1n the shell makes two passes. Thus,
the two fluids will be unidirectional in their
flow while fluid passes through the groups of
pipes B and E and will flow in counter di-

< rection in pipes A, C, D and F. This insures

that the fluids will only have one-third of

 their flow unidirectional and that two-thirds

{t

of their flow will be in .a counterdirection
which is desirable for producing efficient heat
exchange in a multi-pass apparatus.

While I have shown the preferred form of

my invention as now known to me, it 1s to be
understood that various changes may be made
in its construction without departing from

1,688,286
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the spirit of the invention as defined in the 25
appended claim. _

Equally it 1s to be understood that the cool-
ing medium and the medium to be cooled may
each flow either through shell or tubes.

Having thus described my invention, what 2

ent 1s: -

~In a device of the character described, a
shell through which a fluid flows longitudi-
nally from end to end of the shell and returns s
in a single pass in each direction, a tube nest
extending longitudinally of the shell and
through which a cooling medium flows, means
at the opposite ends of the tube nest for
dividing the tubes into three times as many
groups as there are longitudinal passes of the
tiuid 1n the shell and creating a circulation of
a cooling medium through said tubes in a
manner to establish a countercurrent flow of
the two fluids in a ratio of one portion paral- 4
lel current. to two portions countercurrent.

CARL F. BRAUN.
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