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HEAT EXCHANGE DEVICE

Win W. Paget, Michigan City, Ind., assignor to
Sullivan Machinery Company, a corporation of

Massachusetts
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10 Claims.

This invention relates to heat exchange de-
vices, and more particularly t6 an improved fluid
compressor intercooler of the spiral flow type
for cooling the compressed fluid.

An object of this invention is to provide an
improved heat exchange device. Another object
is to provide an improved heat exchanger espe-
cially designed to use with fluid compressors for
cooling the compressed fluid in an improved man-

10 Rer. A further object is to provide an improved
heat exchanger of the spiral flow type whereby
the fluid to be cooled is directed in a-spiral or
volute path and having embodied therein im-
proved cooling means of the so-called zig-zag

5 type for conducting the cooling liquid back and

forth across the path of fluid flow in a generally
counter-current direction in relation to the fiuid
flowing through the fluid passage, so that the
fluid is cooled in an extremely effective manner.
Yet another object is to provide an improved
intercooler for a fluid compressor.
ther object is to provide an improved intercooler
of a comparatively simple and compact charac-
ter adapted, due to its improved design, to be
manufactured in an inexpensive manner. Still
another object is to provide an improved inter-
cooler having improved means for supporting
the flow guide sheet and water tubes and an im-
proved passage arrangement for the cooling lig-
op Uid and the fluid to be cooled. These and other
objects and advantages of the invention will,
however, hereinafter more fully appear in the
course of the following description.
An intercooler constructed according to the
illustrative embodiment of the invention, may
comprise an outer horizontal cylindrical casing
or shell having formed internally therein by
means of a guide sheet a substantially spiral,
volute or like passage for the fluid to be cooled,
the end heads or so-called tube headers closing
the ends of the fluid passage, having formed
therein spaces for cooling liquid and correspond-
ing generally to the spiral arrangement of the
fluid passage and connected by substantially
horizontal cooling tubes extending longitudinal-
ly of the shell through the fluid passage, each
of said cooling liquid spaces being divided by
partitions into compartments so disposed that
cooling liquid admifted to an upper compart-
o ment of the liquid space in one header will flow
successively across through some tubes and back
through others in zig-zag fashion and in a gen-
erally ‘counter-current direction in relation to
the fluid flowing through the spiral fluid passage.
53 A fluid intake pipe having a lateral aperture may
serve to lead the fluid to be cooled centrally to
the inner end of the fluid passage through an
opening formed in the adjacent tube header, the
fluid outlet from the fluid passage being at the
£ opposite end of the fluid passage at the inner
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periphery of the shell and connected through a
lateral aperture to a fluid discharge pipe. The
cooling lquid may be admitted through a top

- inlet to one compartment of the outer convolu-
tion of the water space in the outer header at
one end of the shell and, after passing back
and forth through the tubes,
through a bottom outlet from the last compart-
ment of the inner convolution. If desired, the
fluid flow may be reversed and then, of course,
the cooling liquid flow is correspondingly re-
versed, and also the cooling liquid may be ad-
mitted to the bottom compartment of the liquid
space in the outer header instead of the top com-
partment.

In the accompanying drawings there is shown -

for purposes of illustration one form which the
invention may assume in practice. .
In these drawings,—

Fig. 1 is a plan view of the illustrative em-

bodiment of the improved intercooler.

Fig. 2 is a side elevational view of the inter-

cooler shown in Fig. 1.

Fig. 3 is a vertical sectional view taken longi-
tudinally through the intercooler on line 3—38 of
Fig. 1.

Fig. 4 is a horizontal sectional view taken lon-
gitudinally through the intercooler on line 4—4
of Fig. 2.

Pig. b is an enlarged end elevational view
taken on line 5—5 of Fig. 3, showing the com-
partments of the cooling liquid space in the
outside header.

Fig. 6 is an enlarged cross sectional view taken
on line 6-—6 of Fig. 3.

Fig. 7 is an enlarged cross sectional view taken
on line 11 of Fig. 4.

Fig. 8 is an enlarged cross sectional view taken
on line 88 of Fig. 3.

Pig. 9 is a detail sectional view taken on line
99 of Fig. 7, showing one of the supports for
the central guide sheet section.

Fig. 10 is an enlarged cross sectional view taken
on line 10—I10 of Fig, 4.

Fig. 11is an enlarged cross sectional view taken
on line {i—I1i of Fig. 4.

In this llustrative embodiment of the inven-
tion { designates a cylindrical intercooler casing
or shell having formed therein a cooling cham-
ber 2 and a fluid receiving chamber 3, these
chambers spaced longitudinally within the shell
and being separated by an internal shoulder pro-
viding a reduced intermediate bore 4. The outer
end of the fluid receiving chamber 3 is closed by
an end cover 5 bolted to the intercooler shell,
while the outer end of the cooling chamber 2 is
closed by a rigid tube plate 6 and outside header 1.
As shown in Fig. 3, the tube plate § is arranged
between the adjacent end of the intercooler shell
and the outside header, and the plate and header
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2
are secured as by bolts to the intercooler shell.
A horizontal intake connection 8 communicates

" through a lateral aperture 9 with the fluld re-
celving chamber 3, while the end of the inter-

5 cooler chamber remote from the chamber 3 has

a peripheral discharge communicating with a
lateral aperture 10 of a horizontal discharge con-
nection {!. Slidably guided within the interme-
diate reduced bore 4 between the chambers 2

10 and 3 within the intercooler shell is a floating

header (2 secured at its inner side as by bolts
to a floating tube plate 13, and said header and
tube plate are formed with central openings 4
and 8 respectively, through which the fluid to

18 be cooled flows from the fluid receiving chamber

3 centrally within the central portion of the cool-
ing chamber 2. Arranged within the cooling
chamber between the rigid tube plate § and the
floating tube plate {3 of the floating header, is

20 means for directing the fluid to be cooled, in a

spiral or volute path, and this fluld directing
means comprises a fabricated guide sheet 16 of
spiral or volute form in cross section as viewed

in Figs. 7 and 8 and composed of a series of semi-
25 circular outer plates secured together end to end

as at {1 in any appropriate manner and con-
nected at 18 to an elongated central spiral guide
sheet section 9 extending longitudinally between
the inner surfaces of the rigid tube plate § and

30 the floating tube plate I3 and secured to the

plates. One end of the central spiral guide sheet
section 19 is fixed within slots 20 (see Fig. 9)
formed in pins 21 mounted within openings 22
formed in the rigid tube plate 6, while the oppo-

35 site end of the central guide sheet section pro-

Jjects within the opening I8 of the floating tube
_plate 13 and is slotted at 23 to fit over the bolt
bosses on the floating tube plate, so that the cen-
tral section is firmly held in position. Arranged

40 within the cooling chamber midway between the

tube plates is a vertical gulde sheet support 24
" in the form of a plate to which the adjacent ends
of the outer guide sheet sections are secured, this
guide sheet support being formed with a central

45 opening 28 shaped to conform with the outer

surface of the spiral guide sheet section 19 and
through which the latter extends in the manner
disclosed. The guide sheet support 24 has pro-
Jecting from its opposite sides lugs 28 to which

50 the adjacent ends of the outer guide sheet sec-

tions are secured as by bolts 27, and the inner

-sldes of the tube plates § and I3 have similar .

projecting lugs 28 to which the opposite ends of
the outer guide sheet sections are secured. The

55 guide sheet support is therefore arranged inter-

mediate and supports the outer guide sheet sec-
tions, while the central guide sheet sections ex-
tend through the central opening in the sup-
port throughout the full length of the cooling

80 chamber. It will thus be seen that the cooling

* chamber is divided into a spiral or volute pas-
sage, so that as the fluid to be cooled flows from
the receiving chamber 3 centrally through the
floating header and tube plate and into the lon-

85 gitudinal open center 29 of the spiral guide sheet,

the fluid flowing in a spiral or volute path in a
direction transversely relative to the length of
the cooling chamber 2,

Now referring to the improved coollng means

70 associated with the spiral flow passage for cool-

ing the fluid, it will be noted that formed at one
_-end of the intercooler shell at the top side of the
intercooler is.a boss 30 having a passage 31 com-
municating with a water inlet pipe 32, and this

75 passage 31 is connected through an arcuate slot

“lar ¢
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33 formed in the rigid tube plate 6 with the top
compartment 34 of the water space in the outer
header 1. 'The compartments of the water spaces
in the outer header T and the floating header 12
are separated by partitions and correspond to the
convolution of the spiral flow passage for the
fluid to be cooled, and the top compartment 34 is
connected by a series of substantially horizontal
cooling tubes 35 extending longitudinally through
the spiral flow passage 29 and communicating
with the upper compartment 36 in the floating

10

header 12. The compartment 36 is in turn con-

nected, through a series of substantially parallel
cooling tubes extending longitudinally through
the fluid passage, to a compartment 37 formed
in the outside header 1. The compartment 37 is
connected by a series of parallel cooling tubes
extending longitudinally through the fluid pas-
sage to a compartment 38 in the floating header
12, and the compartment 38 is in turn connected
by similar cooling tubes to a compartment 38
formed in the outside header 1. The compart-
ment 39 is connected by similar parallel cooling
tubes extending longitudinally through the fluid

‘passage to a compartment 40 formed in the float-

ing header {2. The compartment 40 is connect-
ed by similar parallel cooling tubes to a com-

15
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25

partment 41 formed in the outside header T; and .

the compartment 41 is connected by similar cool-
ing tubes extending longitudinally through the
fluid passage to a compartment 42 formed in the
floating header 12, The compartment 42 is con-
nected by similar parallel cooling tubes to a com-
partment 43 formed in the outside header 1, the
compartment 43 in turn being connected to simi-
cooling tubes extending longitudinally
through the fluld passage to a compartment 44
formed in the floating header.
ment 44 is ccnnected by similar cooling tubes to
a compartment 45 formed in the outside header,
and the compartment 45 is in turn connected
by similar cooling tubes extending longitudinally
through the fluid passage to a compartment 46
formed in the floating header. The compart-
ment 46 is connected by similar cooling tubes to
a compartment 47 formed in an outside header,
the compartment 47 in turn being connected
through similar cooling tubes extending longitu-

. dinally through the fluld passage to a compart-

ment 48 formed in the floating header. The
compartment 48 is connected by similar cooling
tubes extending through the fluid passage to &
central chamber 49 formed in the outside header
1, this chamber being connected by a vertical
passage 50 with arcuate passages &1, 5| com-
municating at their juncture with a chamber 52
at the bottom of the outside header. The cham-
ber 82 is connected by an arcuate slot 83 in the
rigid tube plate 6 with a passage 54 formed in
a boss 55 at the bottom of the intercooler shell
directly below the inlet boss 30, as shown in
Fig. 3. This passage 54 communicates with a
water discharge pipe B58. It will thus be seen
that the cooling liquid flows through the cooling
tubes longitudinally back and forth through the

spiral flu'd passage in a zig-zag fashion and in .

a generally counter-current direction in relation
to the fluid flowing through the fluid passage,
the coolest fluid in the fluid passage, in this in-
stance, contacting with the coolest portions of
the cooling tubes. As shown in Figs. 3 and 5,
the cooling liquid compartments 34, 4f and 471
communicate with the' vertical passage 50
through horizontal passages 60 to prevent trap-
ping of fluid and resultant alr pocketing, and
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‘ similarly the compartments 45, 38 and §2 m
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60

connected by vertical passages $1.

A lquid drain is provided for receiving the
condensed liquid in the intercooler chamber, and
this drain comprises & sump $2 formed in the
lower portion of the intercooler shell and sepa-
rated by vertical baffies :63-having bottom open-
ings 64, and the liquid or other matter separated
from the fluid and recelved:in this drain sump,
is discharged through & suitable drain pipe §8.
A detachable hand hole cover 8¢ is provided for .
obtaining access to the interior of the drain sump.
The bottom surfaces of the shell at the bottom
of the cooling chamber: may be inclined toward
the drain sump so that the separated liquid may
drain from the cooling chamber into the sump.

The operation of the improved intercooler will ’

be clearly apparent from the description given.
‘Assuming the fluid compressor with which the
heat exchanger may be associated to be in opera-
tion, compressed fluld entering the horizontal in-
take connection 8 will: fiow through the lateral
aperture 9 into the fluid receiving chamber with-
in the shell, the fluld flowing from the chamber
3 centrally through the openings in the floating
tube plate and header into’ the open center 18
of the spiral guide sheet- and thence the fluid
flows through the spiral passage provided by the
guide sheet and dischargés from the spiral pas-
sage at the inner periphery of the intercooler
shell and-passes out from the intercooler throtgh
the lateral opening I8 and the horizontal dis-
charge connection 1. = Asthe fluld flows through
the spiral passage provided by the guide sheet,
cooling liquid flows through the inlet pipe 32,
passages 31, 33 to the upper compartment 34 of
the liquid space in the outer héader, the cooling
liquid flowing from ' this ‘upper compariment
through the cooling -tubes extending longitudi-
nally through the spiral fluid passage to the
upper compartment 36 of the water space in the

floating header, the cooling liquid flowing back
and forth longitudinally through the cooling

tubes from one conipartment to another in a
z'g-zag fashion and in a generally counter-cur-
rent direction in relation .to the fluid flowing
through the spiral fiuld passage, the cooling lig-
uid finally flowing .to the. bottom chamber 52
of the outer header and discharging through pas-
sages 88, 54 and the discharge pipe 56. It will
thus be seen that the cooling liquid flows succes-
sively across through some tubes and back
through others in zig-zag fashion, and the fluid"
to be cooled flows with a spiral motion through
the spiral passage past the cooling tubes, the
cooling liquid flowing back and forth across the
path of fluid flow in a generally counter-current
direction in relation to the fluid flowing through
the passage, and the coolest fluld discharging
from the cooling chamber at the coolest portions
of the cooling tubes. As the fluid flows over the
spiral guide sheet through:-the cooling chamber,
any moisture or other maitter entrained by the

* fluid will be separated ‘from the fluid, and the

- 70

75

separated fluid or matter will drain from the
bottom of the shell into the dain sump 62, from
which it is discharged through the drain pipe 65.

As a result of this invention, it will be noted
that an improved heat exchanger is provided hav-
ing improved means for circulating the fluid to
be cooled through the cooling chamber, and a
novel arrangement of the cooling tubes. whereby
the fluid is effectively cooled.” It will further be
noted that heat exchangers constructed as de-
scribed are comparatively inexpensive and pro-

3
vide, in a relatively restricted space, a lengthy

travel of fluid to be cooled in contact with the -

cooling tubes through which the cooling liquid
makes a considerable number of passes back and
forth longitudinally through the fluid passage in
a generally counter-current direction in relation
to the direction of fluld flow thirough the passage.
It will still further be evident that the improved
heat exchanger is comparatively simple and

.rugged in design, having relatively few com-
These .

ponent parts, and of substantial efficiency.
and other uses and advantages of the improved

- heat exchanger will be clearly apparent to those

skilled in the art.

While there is in this application specifically
described one form which the invention may as-
sume in practice, it will be understood that this

form of the same is shown. for purposes of illus--

tration and that the invention may be modified
and embodied in various other forms without de-
parting from its spirit or the scope of the ap-
pended claims. '

What I claim as new and desire to secure by
Letters Patent is:

1. In a heat exchange device, a casing, an outer
header secured to one end of said casing, an end
cover for the opposite end of said casing, an in-
ner floating header slidably mounted in said cas-
ing, a spiral guide sheet arranged in said casing
between said headers and secured at its ends to
the latter, said guide sheet providing a spiral

10

15

20

30

flow passage through which the fluid to be cooled -

flows in a spiral path, and cooling means for the
fluid - including cooling tubes  extending longi-
tudinally through said spiral flow passage and
connected - to said headers, said headers having

liquid spaces with which sald tubes communicate, -

2. In a heat exchange device, a casing, an
outer header secured to one end of sald casing, an
end cover for the opposite end of said casing, an
inner floating header slidably mounted in said
casing. a spiral guide sheet arranged in said cas-
ing Between said headers and secured at its ends
to the latter, said gulde sheet providing a spiral
flow passage through which the fluid to be cooled
flows in a spiral path, and cooling means for the
fluid including cooling tubes extending longitudi-
nally through said spiral flow passage and con-
nected to sald headers, said-headers having liquid
spaces with which said tubes communicate, said
Hquid spaces divided into compartments by par-
titions and the tubes connecting said compart-
ments so that the cooling Bquid flows back and
forth longitudinally of the flow passage through
the tubes in a zig-zag fashion and in a generally

“counter-current direction in relation to the fluid

flowing through said spiral flow passage.

3. In a heat exchange device, a casing, an outer
header secured to one end of said casing, an end
cover for the opposite end of said casing, an in-
ner floating header slidably mounted in said
casing, a spiral guide sheet arranged in said cas-
ing between said headers and secured at its ends
to the latter, said guide sheet providing & spiral
flow passage through which the fli'd to be cooled
flows In a.spiral path, and cooling means for the

fluid including cooling tubes extending longitudi-

nally through sa'd spiral flow passage and con-
nected to said headers, said headers having liquid
spaces with which said tubes communicate, and
means for supplying cooling liquid to the top of
the liquid space of said outer header and dis-
charging liquid from the bottom of the liquid
space of the same header. :

4. In a heat exchange device, a caslng an outer
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4
header secured to one end of said casing, an end
cover for the opposite end of said casing, an in-
ner floating header slidably mounted in said cas-
ing, a spiral guide sheet arranged in said casing
between said headers and secured at its ends
to the latter; said guide sheet providing a spiral
flow passage through which the fiuid to be cooled
flows In‘a spiral path, and cooling means for the
fluid including cooling tubes extending longitudi-
nally through sald spiral flow passage and con-
nected to said headers, said headers having liquid
spaces with which said tubes communicate, said
liquid spaces divided into compartments by parti-
tions and the tubes connecting said compart-

ments so that the cooling Hquid flows back and

n & zig-zag fashion and in a generally
counte -current direction in relation to the fluid
through said fluid passage, and means for
cooling liquid to the top compartment

charging liquid from the bottom compart-
ment of the liquid space of the same header.

5. In an intercooler, s casing, an internal
shoulder between the ends of said casing and di-
viding the casing into a cooling chamber and a

fluld receiving chamber, sald shoulder having s

bore, an outer header closing the outer end of
said cooling chamber, an end cover closing the
outer end of sald fluid recelving chamber, s
rigid tube plate -Interposed between said outer

_header and the adjacent end of said casing, a

floating header guided in said shoulder bore, a
floating tube plate secured to said floating head-
er, means arranged in said cooling chamber be-~
tween said headers and secured to the latter for
providing a spiral passage through which the
fluid to be cooled flows in a spiral path, said
headers formed with cooling Hquid spaces, and
tubes secured to said tube plates for conducting
the cooling liquid back and forth between said
headers, said tubes extending Iongitudinally
through said spiral fluld passage, the direction of
liquid flow through said tubes being generally
counter-current in relation to the direction of
fluid flow through the spiral passage,

6. In a heat exchange device, a horizontal shell,
means arranged within said shell providing a sub-
stantially spiral passage for the fliid to be cooled,
tube ‘headers constituting the ends of said fluid
passage, said headers having formed therein cool-
ing liquid spaces corresponding generally to the
convolution of the fluid passage, and substantially
horizontal cooling tubes connected with said lig-
uid spaces and extending longitudinally through
said fluid passage, said liquid spaces each divided
by partitions so disposed that liquid admitted to
one of the liquid spaces will flow successively
across through some tubes and back through
others in rig-zag fashion and in a generally coun-
ter-current direction in relation to the fluid flow-
ing through the fluid passage.

7. In a heat exchange device, a horizontal shell,
means arranged within said shell providing a
substantially spiral passage for the fluid fo be
cooled, tube headers constituting the ends of said
fluid passage, said headers having formed therein

cooling liquid spaces corresponding generally to

the convolution of the fluld passage, substan-
tially horizontal cooling tubes connected with
said lquid spaces and extending lengitudinally
through said fluld passage, said liquid spaces each
divided by partitions so disposed that liquid ad-
mitted to one of the Mquid spaces will fiow suc-
cessively across through seme tubes and back

2,008,671

through others in xig-sag fashion and in a gen-
erally counter-current direction in relation to
the fluid flowing through the fluid passage, and
means for supplying cooling Hquid to the top of
the lquid space in one header and discharging
the cooling Mquid from the bottom of the liquid
space in the same header.

8. In a heat exchange device, a horizontal shell,
means arranged within said shell providing a sub-
stantially spiral passage for the fluid to be cooled,
tube headers constituting the ends of said fluid
passage, sald headers having formed therein cool-
ing Hquid speces corresponding generally to the
convolution .of the fluid passage, substantially
horizontal cooling tubes connected with said liq-
uid spaces and extending longitudinally through
said fluld passage, said liquid spaces each divided
by partitions so disposed that liquid admitted to
one of the lquid spaces will flow successively
across through some tubes and back through oth-
ers in zig-yag fashion and in a generally counter-
current direction in relation to the fluid flowing
through the fluid passage, passage means for

conducting the fluld to be cooled Into the shell

at one end of said fluid passage and for discharg-
ing the cooled fluid from the shell at the opposite
end of the fluid passage, and means at the same
end of the shell as said fluid discharge for con-
ducting cooling liquid to one header and for dis-
charging the liquid from the same header.

9. In a heat exchange device, a horizontal shell,
means arranged within said shell providing a
substantially spiral passage for the fluid fo be
cooled, tube headers constituting the ends of said
fluid passage, said headers having formed therein
cooling Hquid spaces corresponding generally to
the convolution of the fluid passage, substantially
horizontal cooling tubes connected with said lig-

-uid spaces and extending longitudinally through

the fluld passage, said liquid spaces each divided
by partitions so disposed that liquid admitted to
one of the Hquid spaces will flow successively
across through some tubes and back through
others in zig-zag fashion and in a generally coun-
ter-current direction in relation to the fluid flow-
ing through the fluld passage, and means for
admitting cooling lquid to and discharging the
liquid from the liquid space at one end of fhe
shell.

10. In a heat exchange device, a horizontal
shell, means arranged in said shell providing a
substantially spiral passage for the fluild to be
cooled, tube headers constituting the ends of sald
fluid passage, said headers having formed therein
cooling liquid spaces corresponding generally to
the convolution of the fluid passage, and sub-
stantially horizontal cooling tubes connected with
said liquid spaces and extending longitudinally
through the fluid passage, said liquid spaces each
divided by partitions so disposed that liquid ad-
mitted to one of the liquid spaces will flow suc-
cessively across through some tubes and back
through others in zig-zag fashion and in a gen-
erally counter-current direction in relation to the
fluid flowing through the fluid passage, the in-
ner end of the fluld passsge communicating with
a central opening in one of the tube headers, said
tube header opening having a peripheral wall
lying to the inside of the liquid space in the
header, the outer end of said fluid passage formed
with a peripheral opening, and the central open-
ing serving as & fluld intake passage and the
peripheral opening as a fluid outlet.
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