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“This invention relates to a heat exchanger

or a heat exchange device for the tramsfer .

" of heat from one fluid medium to another

through intervening walls, and has ‘for an .

object to provide a device which ‘will re-
quire a minimum amount of space for a
given amount of heat transfer surface. '
It is also an object of the invention to
provide a device of this character in-which

practically all of the material entering into

the construction is used for heat transfer -
" rality of tubes of progressively increasing
‘diameter arranged one within the other and. - .
‘spaced from each other to provide passages -
for the fluids. ‘Where concentric tubes were:
‘used one of the difficulties involved, espe-
«cially where these spaces were narrow, was

purposes, thus economizing in the amount
of material required for a given heat trans-
fer capacity. T o

Tt is a further object of the invention to
provide a device in which the surfaces liable
to be corroded by electrolytic action may be
protected, and where all the joints are. easily
accessible for inspection or repair.

It is another object of the invention to
so construct a device of this character that
the condensing medium is in thin layers
over the active surfaces to reduce to a mini-
‘mum the amount of the condensing Hquid
required, and to also economize in. the
amount of power required for circulating
the condensing medium, . =<°. oo

Tt is a still further object of the invention
to provide a device of this character in
which all spaces containing a certain

medium, such as poisonous.gases Or Vapors,
are surrounded by the condensing medium,

such as water, so that should there be any
leakage of the poisonous gases or vapors 1t
would be into the water, and therefore, car-
ried away with it without danger to'life
or property. - ' S R

Tt is another object of the invention to so -
arrange the elements. forming relatively:
narrow fluid conducting spaces that the-
fluid .inlet “and outlet conductors to ‘these -

spaces may be connected -across the ‘énds
thereof and still have sufficient opening be-

‘tween the conductors and the spaces to per-

mit an effective flow of fluid.~ =~ -

With the foregoing and other -objects in
view the invention consists in certain novel
features of construction, combinations and
arrangements of parts as will be more fully

vention.

ROBERT L. SHIPMAN, OF BRIDGEPORT, CONNECTICUT, ASSIGNOR OF ONE-HALF TO . '

described in connection with ‘the ‘accom-

panying drawings. -In these drawings,

"Fig. 1 is a longitudinal section ‘of a heat

exchanger constructed according to my in-
Figs. 2, 3 and 4 are transverse sections
thereof substantially on lines 2—2, 3-—3 and
4-4 respectively of Fig. 1, and = =~
 Fig. 5 is a fragmentary section showing
a slightly different construction. . .
“Thé device illustrated comprises. a -plu-

to connect the inlet and outlet pipes for the

fluids in'such a way as to provide sufficient
“openings for the passage of the fluids be-
‘tween the pipes and the spaces. Especially
‘was this true where the inlet and outlet
pipes were extended across the ends of the
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spaces. In the present construction I have . '

to a large extent overcome this difliculty by
arranging the tubular elements in'the man-

‘ner shown, and in which the elements are
‘inclined so as to increase the width of the
‘spaces at one side where they are in com- .
‘munication.;with 0]

! the inlet or outlet pipe or
conduit. .- o : eI

different diameters arranged one within the
other s0.as to provide a space between them,
and the axes. of these tubes being inclined

80 ©

- To secure fhia ‘ll“ésult I haveliari‘éhgéd the
‘tubular elements in what I call cells, each
‘cell being formed. by ‘a pair of tubes of

85 .

to each. other so that the opposite ends of -

the tubes are.eccentric and the space between -
- the tubes: at one end is greater on one side °
‘of the axes than.on the other side and the’
space between the tubes at the other end is
‘greater on the opposite side of the axes.
‘Take for example, the inner tube 10 and
‘the next larger tube 11. These two tubes ?
“form the inmer.cell and their axes are in--
_clined to each other so that their opposite-:
ends are eccentric, and therefore, the por-

tion of the space 12-at the upper side and

“at the left.end of Fig. 1 is wider than the

95
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space at the lower side of the tube 10, while
at the opposite end the lower portion of
this space 1s.wider, as shown at 13, than the
space is at the upper side of the tube. The

‘same is true of the second cell comprising
the tubes 14 and 15. The axes of these tubes

are also inclined to each other so that they
are eccentric at opposite ends to give wider
spaces 12 and 13 at the upper and lower

sides of the tubes at their opposite ends,

the same as in the first form. The tubes 16
and 17 of the next cell are arranged the
same way, as are also the tubes 18 and 19 of
the outer cell. However, in-assembling the
cells they are arranged so that there ave
spaces between the respective cells which
are stbstantially annular, that is the outer
tube 11 of the inner cell is concentric with
the inner twbe 14 of the next larger eell, and
the outer tube 13 of the second cell is con-
centric with the inner tube 16 of the next

larger cell, and so on, so that the spaces

20 between the larger tube of one cell and
the smalfer tube of the next larger cell is a
substantially annular space and of the same

‘width throughout. :

- The assembled structure is enclosed in an

outer cylindrical shell 21 and the outer tube
‘19 1s concentric with this shelt fo provide

a similar space 20 hetween them. The tubes
of the cells are shorter than the shell 21 pro-
viding spaces or chambers 22 and 23 at

‘the opposite ends of the cells, and the anmu-

Iar spaces 20 communicate with the cham-
bers 22 and 23 at their opposite ends, and
as these spaces may be opened throughout
the greater portions of their peripheries
these spaces 20 may be left annufar. The
spaces ‘between the tubes of the cells are
eonnected with fluid conducting pipes 24
and 25, one of which is the inlet pipe and
the other the outlet pipe. As these pipes are
relatively small in drameter considerable dif-

fleulty, as pointed out above, has been ex-

pertenced in securing suffictently large opern-
mgs between the conductors and the re-
quiredt spaces to secure the proper flow of
fiwid through the device. However, by con-
necting the pipe 24, for instance, with the

‘portions 12 of the cell spaces and the pipe

25 to the widest portions 13 of the celf spaces
I am enabled to secure a sufficiently large

opening between these spaces-and the con-

duits to secure a very effective flow of fluid

between them, and I can secure sufficient.
flow even though the conduits extend across

the ends of the tubes as shown. ' This greatly

-simplifies the construction and reduces the

cost of manufacture. It will, of course, be
understood that the ends of the cell spaces

“which are not in eommunication with the

conduits 24 and 25 are closed against the
chambers 22 and 28, and it is preferred to
secure this clesure by welding them together,
as indicated at 26. It will also be under-

.¢ost o
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stood that the ends of the annular spaces 20
are open to the chambers 22 and 23 except
where they are opposite the conduits 24 and
25 and here -they are welded together, as

shown at 27, so that the spaces 20 are not .,

in communication with the conduits 24 and
25, and the two streams of fiuid between
which there is a transfer of heat are kept
separate. o

The oppeosite ends of the shell 21 may be
closed by heads 28 bolted by suitable bolts
29 to flanges 30 secured to the opposite ends
of the shell, and inlet and outlet conduits
81 and 32 may be connected to these heads
to conduct fluid to and from the chambers
22 and 23. -

To secure a more uniform distribution of
the fluid to the cell spaces 12 and 13, the
‘conduits 24 and 25 may be tapered as shown
in Figs. 2, 3 and 4, the smallest ends being
in communication with the inner smallest

80
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diameter 12 or 15 and the greatest width -

in communication with' the corresponding
space of the largest diameter, it being, of

course, understood that the largest diameter

space is capable of conducting a greater
amount of fluid. '
These devices may be made in practically

any length desired to give the required sur-
‘95

faces, or they may be made up of certain
fengths and connected together either in
series or parallel to secure the same result.
It will be apparent that there are numerous
advantages mn this construction over the con-
structions of the ordinary heat exchangers.
For instance, it s very economieal in the
space required as there are practicafly no
waste spaces in ifs makeup, and it requires

100

a minimum of space in prepertion to the .

amount  of heat transfer surface secured. ™

This is a particular advantage in congested
districts where spaee is valuable. 'Fhis
feature also is ecomomical of material as

‘practically all the material used in its con-
struction is active material functioning for
transfer of heat, and the walls may be placed

closely together. . The construction is also
refatively Inexpensive as all the joints can

joints are not required, and the wunits can
be built up into practically any desired size
thus' requiring a minimum of header con-
structiomn.

. The device is also, furthermore, of long
life as it is compact with the material in
close assembly and it can thus be easily pro-
tected against deterioration by electrolytic
action, such for instance, as the use of zinc

where salt water or brine is used. Tt will
125

be noted that all joints are easily accessible
for in%pection_ or repair, and therefore, the
£ upkeep is reduced..

A further -advantage of this device is
economy in the use of condensing medium.
It will be noted from the drawing that

105
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“be welded, and therefore, fittings or screw
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water, for instance, used as a condensing
medium passes through the annular spaces
20 and it is, therefore, disposed in thin
layers over the active surfaces. The same i

true of the material, such as gases or vapors,

to be condensed or cooled in the cell spaces
12—18, but in cases such as this in which
vapors are being condensed or liquids are

‘being evaporated the distances between the
10 .

retaining walls. may be varied without
materially varying the heat conducting effi-
ciency of the apparatus. "Where the heat

transfer is from the liquid only it is prefer- p

able, to secure the greatest efficiency, that the
adjacent walls between which it passes be
substantially uniform. In my construction
T secure this for passages 20 carrying the
cooling water as their opposite ends com-
municate: with the comparatively large
chambers 22 and 23. In either case as the
fluid spaces are comparatively narrow I se-
cure a very rapid and efficient transfer of

 heat from one medium to the other, and
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this transfer may be increased as the walls

of the tube may be made relatively thin,

and the pressures balance each other on op-
posite sides of the separating walls. This
economy in the use of condensing medium
reduces the power required for pumping or
circulating medium since a smaller amount

thereof is required for a given transfer of’

heat. * These narrow fluid spaces also cause
rapid cleaning of the surfaces that is, fluid
does not cling to the surfaces after being
heated or cooled but is kept moving, thus se-
curing a greater and more efficient transfer
of heat than would otherwise be the case be-
cause fluids are very poor conductors of
heat. ‘ ‘ S

A particular advantage of this construc-
tion 1s its safety in operation. It will be
noted from an inspection of-the drawings
that the cell spaces 12 and 13 through which
the vapor or gases to be condensed or cooled
flow are entirely surrounded by the con-
densing or cooling medium, in the above
example, water. Thus for instance if the

device is used for condensing ammonia or.

other poisonous vapor or an inflammable

vapor all leakage thereof will be directly

into the condensing or cooling medium, such
for instance as water, and will thus be ab-
sorbed by the water and carried off with it,
thereby making it possible to use this device
in practically any location without danger
to life or property. Furthermore, all the

surfaces of the spaces 20 are easily acces-’

sible for cleaning by merely removing the
heads. : ' o

In Fig. 5, I have shown a slightly differ-
ent construction where the conduits 24 and
925 are connected to the cells. Here the open-

ings between the conduits and the spaces in-

the cells are enlarged by recessing the metal
wall back somewhat as shown at 33.

. Having . thus 'set forth:
invention; what T claim is: -

<1, Inia~heat exchange device an outer

the nature of my

tubular shell, a plurality of pairs of spaced e

substantially’ concentric tubes within the 1y
‘shell and spaced therefrom and providing

chambers at the opposite ends of the tubes.in
communication with the spaces between ‘the

‘tubes of each pair, fluid inlet and outlet con-
nections to said chambers, the adjacent pairs ;
.of tubes being-inclined with respect to each
‘other:so that the spaces between adjacent -
airs are wider at one end at the upper side

of:their longitudinal axes.and wider at-the -

‘other ‘end at the lower side of their longi-
tudinal:laxes, and. inlet. and " outlet connec-
widest, portions thereof. - :

-2, In a heat exchange

80 .
tions ‘to :these spaces at substantially the

_ ' ) device; -an ’0i1tei1 »
tubular shell, ‘a plurality of cells in said g

shell extending ‘longitudinally thereof ‘and -

providing chambers at the opposite ends of
‘said cells, each cell being formed by apair of
spaced tubes arranged one within.the other
“and with their . opposite ends- eccentric in

opposite directions, said cells being arranged
50 that the outer tube of-one cell is substan-
tially concentric with the inner tube of the
next larger cell to provide annular spaces
communicating with said chambers, a fluid

inlet connection to the widest portions of -
_the cell spaces at one end, a fluid outlet con-

nection to the widest portions of the cell

90
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spaces at the opposite ends thereof, and fluid '

inlet and -outlet connections to the said
chambers. '
3. In'a heat exchange device, a plurality

“of tubular cells, each cell being formed by

a pair of spaced tubes arranged one within
the other and. with their axes inclined to

~each other so that their opposite ends are ar-

ranged eccentrically in opposite directions,
said cells being arranged so that the outer
tube of one cell is substantially concentric
with the inner tube of the next larger cell
to provide annular spaces between them, a

100
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fluid inlet connection to the widest portions ™
of the cell spaces at one end, a fluid outlet

connection to the widest portions of the cell

spaces at their opposite ends, and fluid inlet ;g5

and outlet connections to the annular spaces.
4. In a heat exchange device, an- outer

tubular shell, a plurality of cells in said .

shell extending longitudinally .thereof and--

providing chambers at the opposite ends of

said cells, each cell being formed by a pair:

2120

of spaced tubes arranged one within the -

other and ‘with their axes inclined to each
other so that their opposite ends are ar-
ranged eccentrically in opposite directions,

said cells being arranged so that the outer.

tube of one cell is substantially concentric

with the inner tube of the next larger cell

to provide annular spaces between them com-

municating with the chambers.at the oppo--

125
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site ends of the eells; a fluid connection in
each of said chambers extending transverse-
ly of the ends of the cells and communieating
with the cell spaces at the widest portions
thereof and fluid’ connections to said cham-
bers. ‘

5. In a heat exchange device, a plurality
of spaced cylinders of progressively increas-
ing diameter arranged one within the other
to provide. separated spaces for passage of
fluid; a cylindrical casing inclosing said cyl-

" inders and of greater length to provide

20
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chambers at the opposite ends of said cyl-
inders, the alternate spaces between the cyl-
inders being In communication with said
chambers at their opposite ends, and inlet
and outlet conduits communicating with the
other spaces, said conduits extending trans-
versely across the extreme ends of the cylin-
ders within said chambers with the first men-

tioned spaces closed from the conduits and

with the second mentioned spaces closed from
the chambers but opening at their ends into
said conduits.
In testimony whereof I affix my signature.
~ROBERT L. SHIPMAN.
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