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This invention relates to apparatus for
transferring the heat from one stream of fluid
to another stream to raise or lower the tem-
perature, as the case may be, known gener-

5 ically as “heat exchangers”; and more par-

ticularly to such apparatus for handling hot
streams of a semi-fluid character, in a manner
that successfully prevents clogging of the
conduit through which they are conducted.
Tn the operation of many industrial plants

Jarge volumes of hot semi-fluid materials are

either discharged to a sewer or cooled to per-
mit handling in a further industrial opera-
tion thereon, no attempt being made to utilize
these hot fluids as an agent for raising the

- temperature of the water or other heat ab-
sorbing fluid that is used in the industrial
processes which produced the hot semi-fluid
inaterials. The principal reason for this
waste of heat is due to the factthat the solid
matter in the semi-fluid material is of such a
character that the ordinary commercial heat
exchanger will become clogged after a brief
period of use and the process will frequently
have to be stopped for the purpose of clean-
ing. ’

One object of the invention Is to provide
a heat exchanger which will operate efficient-
1y upon fluids of the kind that clog heat ex-
changers of the ordinary type. Other objects
of the invention are to improve the design of
heat exchangers for use on clear or gsemi-clear
fuids so that the maximum heat exchange
may take place between the hot fluid and the
heat ahsorbing fluid, and to provide a heat
exchanger in which at least one of the con-
duits is bodily rotated.

To the accomplishment of these objects,
and such others as may hereinafter appear,
the features of the invention relate to certain
devices, combinations
parts, hereinafter described and then set forth
broadly and in detail in the appended claims,
which possess advantages readily apparent to
those skilled in the art.

The various features of the present inven-

tion will be readily understood from an in-
spection of the accompanying drawings illus-
trating the best form of the invention at pres-
ent devised, in which, ‘

Figure 1 is a front elevation, partly in cec-
tion, of the heat exchanger; ‘

Fig. 2 is a detail in right side elevation,
partly broken away to show underlying parts
and partly in section, of one of the rotary
disks secured in place to the hollow shaft;

and arrangements of-
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Fig. 3 is a right side sectional elevation of

‘one of the glands that are located at each end

of the heat absorbing fluid conduit; and -

Fig. 4 isa detail in {ront sectional eleva-
ticn showing the means for venting the hol-
low disks. -

While capable of many other uses; for the
purpose of illustration the invention will be
described as applied to heating water by a
transfer of heat thereto from a fluid mix-
ture containing a quantity of solid matter,
such for instance, as the hot pulp handled in

a paper mill. This solid matter may or may

not be an industrial refuse.

Described in general terms. the novel heat
exchanger comprises a cylindrical shell in
which a tortuous conduit for the heat ab-
sorbing fluid is bodily rotated. The walls of
this conduit constitute the heat-conducting or.
transferring surface. . The tortuous conduit
for the heat absorbing fluid is constructed to
cause this fluid to flow alternately in diree:
tions away.from and toward the axis of the
conduit, the fluid. assuming during each of
the alternate-flows a substantially flat circular
sheet formation to engage a thin stream. of
the fluid with a large surface of the heat con-
ductor. The hot pulp flows past the heat con-
ductor in a tortuous conduit, one- wall of
which comprises the rotary heat-transferring
surface. Flowing the hot pulp. through a.
conduit provided with stationary and moving
walls effectively resists all tendency for the
semi-fluid pulp to form a plug and thus clog:
the heat-exchanger. The hot pulp flows past
one side of the heat-transferring surface in
a direction opposite to the flow of the heat
absorbing fluid on the other side of the heat-
transferring surface. | That is, when the heat
absorbing fluid is flowing away from the axis
of the rotary conduit the hot pulp is flowing
towards the axis. When the heat absorbing
fluid is flowing toward the axis of the rotary’
conduit the hot pulp flows away from the
axis. - During its alternate flows the hot pulp
assumes a substantially flat circular sheet for-
mation in order to engage a thin stream of the
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hot pulp over an ample area on the heat-trans- -

ferring surface directly opposite the surface
engaged by the thin stream of the heat ab-
sorbing fiuid. S T
In the embodiment. of the invention illus-
trated in the drawings, the heat exchanger -
comprises a cylindrical shell 5 mounted on a
base 6. Riveted to the shell 5 are a pair of
heads 7 and 8 provided, respectively, with
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central openings 9 and 10. Passing through

the openings 9 and 10 and across the longitu-

dinal axis of the shell 5 is a hollow shaft 11
journaled at its opposite ends in outboard
bearings 12 and 13. - Fitted to the outboard
ends of the shaft 11 are tubes 14 and 15 which
terminate inside the shell 15 in flanges 16 and
17. The tube 15 also carries a pulley 18

through which power is transmitted to rotate
the shaft 11. ’ e
The heat absorbing fluid, hercinafter

termed “water” for brevity, is introduced

into the heat exchanger through a split pack-
ing gland 19 surrounding the tube 15. The
packing gland 19 is provided with a central
peripheral passage 20 which registers with a
lantern gland 21 (Figs. 1 and 3) interposed
between the packing gland 19 and -the tube
15. - The lantern gland 21, by being cut away
(Fig. 3) allows a free passage of the water
from the passage 20 through the lantern
gland 21 and then through valve ports 22

~comprising a circular series of openings

formed in the tube 15 and hollow shaft 11.
The lantern gland 21 is interposed between
the sections of a gland packing 23, one sec-
tion of which is engaged by an adjusting de-
vice 24 connected by bolts 25 to an end flange
26 on the packing gland 19." The other end
of the packing gland 19 is provided with a
flange 27 engaged with a plate 28 on the
head 8. :

‘The water in the hollow shaft 11 passes
through a second series of valve ports 30
into a circular passage 31 formed in the first
of a series of hubs 32 mounted on the shaft
11 and held in place by a series of long bolts
33 extending through all the hubs 32 and the
flanges 16 and 17.  Im addition to the bolt
holes for the bolts 33 the hubs 82 are pro-
vided with a series of aligned openings 34,
the openings 34 in the first hub of the series
communicating with the passage 31. o

Interposed between each hub of the series
is a hollow disk 35 comprising a pair of
spaced circular plates having their periph-
eral edges flanged and ~welded together.
Centrally located within the disk 35 iz a
baffle 36 having a diameter less than that of
the disk 35 and provided on opposite sides
with bolt heads 37 to prevent collapse of the
disk 35 when -the bolts 33 are tightened.
The series of disks 35 are provided with a
series of openings 38 which register with

the openings 34 in the hubs.

With this -construction the water passes

from the packing gland 19 through the valve
“perts 22 ‘into the hollow shaft 11.

F From
the shaft 11 the water passes into the pas-

sage 31 and then through the openings 34 -

in the first hub of the series which register
with the openings 38 in the first disk of the
ceries. 'The water then flows from the hub
towards the periphery of the disk spreading
out in a flat cincular sheet in the space be-
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tween the bafle 36 and the right hand plate
of the disk 35. After rounding the cireu-
lar corner 39" (IFig. 1) the water flows from
the periphery of the disk towards the hub
thereof and again spreads out in a flat cir
cular sheet in the space between the baffle
and the left hand plate of the disk 85. The

‘water then passes out of the openings 38

into the openings 34 in the second hub of the
ceries which register with the openings 38
in the second disk of the reries. In this
manner the water flows throueh the entire
series of hubs and disks finally passing out of
the last hub of the series through a series
of valve ports in the shaft 11 similar to the
valve ports 30. From the hollow shafh 11
the water passes throngh a series of valve
ports similar to the valve ports 92 and then
out through a split packing gland 89 similar
to the packing gland 19. The water is pre-
vented  from flowing through the whole
length of the hollow shaft by a series of ex-
pansible rubber plugs 40 which may be tight-
ened or locsened by a long socket wrench
mntroduced through an open end of the shaft
11. - As the shaft 11 is rotated during the

passage of the water through the heat-ex-.
changer, the series of hubs and disks com-

prises a rotary conduit therefor.

The hot pulp, under pressure, enters the
heat exchanger through the inlet 41. This
Lot pulp is a semi-fluid so that when it en-
gages the last disk 35 in the series it spreads
out until it completely fills the  section
marked A in Iig. 1. Continued pressure
on the pulp causes it to round the circular
corner 42 of the disk and enter a section
marked B in Fig. 1. This section i3 formed
by a dish-shaped partition 43 welded to the
internal swrface of the shell 5 and provided
with a central opening 44. ;

The hot pulp in section B flows from the
periphery of the dicks towards the hulb
thereof and assumes during its flow a flat
circular sheet formation in contact with the
right hand plate of disk 85. The whole si-
face of the disk 35 is thus covered with hot
pulp. The heat from the pulp is thus con-
ducted through the heat—transferring surface
comprising the disk 85 to the water inside
the disk. The water is also spread out over
the internal surface of the disk 35 in a flat
cireular sheet so that a very eflicient trans-
ter of heat from the pulp to the water is
effected. ' :

The hot pulp flows from section B through
the opening 44 into the next section of the
series in which it flows from the hub of the
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disk towards the periphery thereof. The -

pulp continues to flow from one section to
another alternately changing its direction
as it flows toward and from the axis of the
shaft 11 and maintaining during its alternate

Mlow a substantially flat circular sheet for-
mation in contact with the heat-transferring 1
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surface of the rotary conduit. After pass-
ing through the last section of the series
the pulp passes out of the heat exchanger
through the outlet 45. _

In order to reduce pumping expense the
heat exchanger may be provided with means
for propelling the water through its rotary
conduit or, at least, for aiding the outside

pumping agent in pumping the water
‘through the heat exchanger.

To this end
each of the baffles 36 may be provided on one

face with a series of vanes 46 which, during |
the rotation of the shaft 11, impel the water

forwardly as it flows from the hub to the
periphery of the disk:

In order to facilitate the alternate spread-
ing of the pulp towards and away from the
periphery of the disks the exterior end faces
of each disk may be provided with a spiral
47 (Fig. 4), the spiral on the left-hand plate
of each disk running outward and the spiral
on the right-hand plate running inward as
the shaft 11 is revolved. These spirals, in
addition to assisting the circulation of the
pulp through the heat exchanger, are benefi-
cial in breaking down any plug that may
form tending to clog the heat exchanger. A
shown in Fig. 4 the spirals may be formed
divectly in the material of the disks.

If the heat exchanger is empty it is neces-
sary to free it of air when the pulp and
water are introduced therein. To free the
sections occupied by the pulp from air, each
pulp section 1s provided with a valve 48, All

i the valves 48 may be opened or closed simul-

taneously by a horizontal shaft 49, mounted
exteriorly of the shell 5, and provided with
a hand-wheel 50.

In order to free the rotary conduit from
air each of the disks carries a vented boss 51
to the lower end of which is fitted a ball cage
52 having openings 53 therein open to the
interior of the disk. The cage 52 also carries
loosely a ball 54 which normally is held, under
the influence of gravity, off its seat 55 in the
boss 51. The water is introduced into the
heat exchanger while the shaft 11 is sta-
tionary. The trapped air is driven by the
water out through the vented boss 51 into
one or the other of the sections for the pulp.
No harm is done if some water also escapes
through the vented boss 51. When the rotary
conduit is full the shaft 11 is rotated whereby
the balls 54 are forced by centrifugal action
upon their seats 55.

Nothing herein contained is to be inter-
preted as limiting.the invention in the scope
of its application to use in connection with
the particular apparatus or the particular
mode of operation or both selected for pur-
poses of illustration and explanation. While
the particulars of construction herein set
forth are well suited to one mechanical form
of the invention, it is not limited to these de-
tails of construction, nor to the conjoint use
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of all its features, nor is it to be understood
that these particulars are essential since they
may be variously modified within the skill of
the artisan without departing from the true
scope of the actual invention, characterizing
Teatures of which are set forth in the follow-
ing claims by the intentional use of generic
terms and expressions inclusive of various
modifications, , '

What is claimed as new, is:

1 A heat exchanger having, in combina-
tion, means for transferring heat from' one
fluid to another comprising a heat conductor,
mezxns for flowing the fluids on opposite sides
of the conductor, means for causing the fluids

-to assume during their flow a substantially

flat circular sheet formation in contact with
the entire inner and outer surfaces of the con-
ductor, and means for rotating the con-
ductor. ' .

2. A heat exchanger having, in combina-
tion, a shell, a series of partitions each hav-
ing a central opening secured to the internal
peripheral surface of the shell, a hollow disk
having non-central openings mounted. be-
tween adjacent partitions, and hubs for each
disk having openings communicating with
the openingsin the disk, said internal periph-
eral surface, partitions, openings therein, and
the exterior surface of the disks forming a
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tortuous conduit for a fluid, the interior of -

the disks, openings therein and in the hubs
forming a tortuous conduit for another fluid.
3. A heat exchanger, having, in combina-
tion, a shell, a series of partitions each hav-
Ing a central opening secured to the intern]

peripheral surface of the shell, a hollow disk

having non-central openings  mounted be-
tween adjacent partitions, hubs for each disk
having openings communicating with the
openings in the disk, said internal peripheral
surface, partitions, openings therein, and. the
exterior surface of the disks-forming a tor-
tuous conduit for a fluid, the interior of the

disks, openings therein and in the hubs form- .

ing a tortuous conduit for another fluid, and
means for simultaneously rotating the series
of hubs and disks.

.4 A heat exchanger having, in combina-
tion, a tortuous conduit for a hot fluid, =
tortuous conduit for a heat absorbing fluid,
said fluids having a counter-current passage
alternating at the center only and at the pe-
riphy only through each conduit, and means
for rotating the heat absorbing fluid conduit.

5. In a heat exchanger, a hollow shaft, a
series of hubs thereon, a hollow disk inter-
posed between each hub, means permitting
the entrance and. exit of a clear Aluid to the
hollow shaft, a series of connected passages
through the hubs and disks communicating
with the hollow shaft and arranged parallel
thereto, and a baflle within each disk to cause
the fluid flowing through said connected pas-
sages to move first in a direction away from
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said shaft and then in a direction towards
caid thaft during its passage through -each
disk. :

6. A heat exchanger having, in combina-
tion, means for transferring heat from one
fluid to another flmid comprising a shell, a
rotary shaft therein, a series of hollow disks

~mounted on the shaft, hubs having communi-

cating passages at each side of each disk,
means within the hollow disks for confining
the heat absorbing fluid to a flow first to-
wards the periphery of the disks and then to-
wards the hubs thereof during its passage
through each disk, and means for confining
the hot fluid to-a flow first towards the hubs
of the disks and then towards the periph-
eries thercof during its passage past each
disk.

7. A heat exchanger having, in combina-
tion, means for transferring heat from one

fluid to another fluid comprising a shell, a

rotary shaft therein, a series of hollow disks
mounted on the shaft, means within the hol-
low disks for confining the heat absorbing
fluid to a flow first towards the periphery ot
the disks and then towards the hubs thereof
during its passage through each disk, and
means for confining the other fluid to a flow
first towards the hubs of the disks and then

30 towards the peripheries thereof during its

passage past each disk, said first named
means having provision for pumping the
heat absorbing fluid through the heat ex-
changer.

8. A heat exchanger having, in combina-
tion, means for transferring heat from one
fluid to another fluid comprising a shell, a
rotary shaft therein, a series of hollow disks
mounted on the shaft, means within the hol-
low disks for confining the heat absorbing
fluid to a flow first towards the periphery of
the disks and then towards the hubs there-

" of during its passage through each disk, and

means for confining the hot fluid to a flow
first towards the hubs of the disks and then
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towards the peripheries thereof during its
passage past each disk, said disks having pro-
vision for impelling the hiot fluid through the
heat exchanger. ‘

9. In a heat exchanger, a shell, a series of

communicating sections therein, a shaft, a

series of hollow disks: mounted thereon, one-

disk to each section, and a vent in each disk
having a ball ascociated theréwith nermally
off its seat and arranged to seat itself and

close the vent by centrifugal action when
“the shaft is rotated. : _
10. A hest exchanger having, in combina- -

tion, means for transferring heat from one
fluid to another fluid comprising a shell, a
hollow shaft therein, a sevies of hollow disks
mounted on the shaft, hubs on the shaft for
spacing the disks, a passage for the heat ab-
sorbing fluid through the series of hubs and
digks, means within the hollow disks-for con-
fining said fluid to a flow first towards the pe-
ripheries of the disks and then towards the
hubs during its passage from one hub to an-
other, means for confining the other fluid to
a flow first towards the hubs and then to-

wards the peripheries of the disks during its

passage past each disk, and a series of valve
ports in the hollow shaft permitting the en-

t

60

65

trance of the heat absorbing fluid into the - ‘

shaft and from the shaft into the first hub

of the series and its exit from the last hub of

the series into the shaft and then out of the
shaft. ) ‘ :
11. A rotary heat exchanger having, in
combination, a rotary shaft, a series of hol-
low disks mounted along the shaft provided
with connecting passages outside the shaft
fortheflow of a fluid successively through the
disks from one end of the series to the other,
and a baffle within each hollow disk and ro-
tating therewith to cause the fluid to move
alternately away from and toward the shaft
during its passage through the hollow disks.
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