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United States Patent Office 3,020,025 
Paterated Feb. 6, 1962 

3,020,025 
ROTARY HEAT EXCHANGER 

Richard F. O'Mara, 839 S. Lorraine Blvd., 
Los Angeles, Calif. 

Filed Aug. 29, 1957, Ser. No. 680,942 
4 Claims. (CI. 257-79) 

This invention is directed generally to the provision 
of a heat exchanger adapted to be rotated during opera 
tion and particularly to such a device in the form of a 
double hollow shaft assembly having a number of fins 
or paddles spaced therealong including fins which may 
be selectively adjusted as to angular inclination and fins 
which employ a substantial portion of their volume for 
circulation of heat exchange fluid therein. 

In its preferred form hereinafter shown and described, 
apparatus embodying the present invention includes a 
longitudinally extending trough or casing. When hori 
zontally oriented, the lower portion of the trough is 
desirably but not necessarily provided with a cylindrical 
ly shaped inner wall. A double hollow shaft assembly 
extends the length of the trough or casing. The shaft as 
sembly includes a central portion for the axial passage 
of a heat transfer fluid which may be steam, water or 
other desired liquid or gas. A larger hollow shaft Sur 
rounds and is fixed to the first named hollow shaft and 
the annular space between the inner and outer shafts 
affords a passageway for the heat transfer fluid axially 
of the shaft. Typically, the flow of fluid in the annu 
lar space may be opposite to the direction of fluid flow 
in the inner hollow shaft. 

Spaced longitudinally along the shaft assembly just 
referred to are a number of radially projecting heat 
transfer assemblies. Each such assembly may include 
a pair of rigid pipes or conduits, one pipe of each as 
sembly being substantially smaller than the other. The 
smaller pipe is fixed to the inner hollow shaft so that 
fluid communication is established between the inner 
shaft and the interior of the smaller pipe. The outer 
pipe is connected to the outer of the hollow shafts, and 
the two pipes are arranged in coaxial relation with fluid 
communication existing between the annular space be 
tween the two pipes and the annular space between the 
two hollow shafts. The outer ends of the larger pipe 
is closed off, so that fluid moving, for example, out 
wardly in the inner pipe must flow inwardly in the annu 
lar space between the two pipes, there being no other 
outlet for such fluid. By preference, throttling means 
may be provided for selectively adjusting the effective 
cross-sectional area of fluid flow in the heat transfer 
assembly. Other return path means may be substituted 
for the outer pipe, as set forth hereinafter. 

In connection with each of the heat transfer assem 
blies just mentioned there is provided a fin approximate 
ly in the shape of a circular sector. The fin is 
supported on the outer of the two pipes of the heat 
transfer assembly and may be adjustably positioned rela 
tive thereto by suitable means so that the plane of the 
fin assumes any desired angle relative to a plane per 
pendicular to the axis of the double shaft. Additional 
impeller fins may also be provided at spaced points along 
the shaft. 

In another form of the invention the sector-shaped 
fin may be formed to have a hollow interior, and the 
outer pipe above referred to may then be omitted so 
that the return path of heat exchange fluid may include 
the entire hollow interior of the fin, this construction 
providing for fluid communication between the fin interior 
and the annular space between the hollow shafts of the 
shaft assembly. 

Because of the angular adjustability of the individual 
fins of the heat transfer assemblies as well as of the 
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additional impeller fins, when used, the present heat ex 
changer is particularly valuable in many industrial proc 
esses involving the transfer of heat either to or from a 
quantity of flowable material. The material so treated 
may be fluid in form or may be a granular or pasty 
Solid. In the completed apparatus for carrying out the 
present invention, the trough or casing within which the 
apparatus described above is rotatably mounted is pro 
vided near one end with an inlet opening for the material 
to be treated and near the opposite end, with an outlet 
for such material. The entire apparatus may be oriented 
with the axis of the double shaft disposed horizontally, 
vertically or at any desired angle best suited for the par 
ticular process being carried out, and a plurality of the 
heat exchangers may be provided in rows or tiers with 
the fins of one heat exchanger interfolded and meshing 
those of another. . 

Accordingly, the objects of the present invention are 
to provide a novel construction of heat exchange ap 
paratus; to provide such an apparatus adapted to rotate 
during operation within a trough or casing; to provide 
Such apparatus including a double hollow shaft for the 
axial movement of heat exchange fluid together with 
means for fluid flow outwardly and inwardly relative 
to the shaft and means for impelling material longi 
tudinally of the casing; to provide a plurality of heat trans 
fer assemblies each including a pair of coaxial radially 
extending pipes connected respectively to the interiors 
of the double hollow shaft; and to provide in connection 
with each of the heat transfer assemblies means for con 
trollably adjusting fluid flow therein and impeller fins 
angularly adjustable around the axis of each heat trans 
fer assemblies to control movement of material longi 
tudinally of the shaft axis. 

These and other and similar objects and purposes will 
be understood from the following description of preferred 
embodiments of the invention taken in connection with 
the accompanying drawings, in which: 

FIG. 1 is a longitudinal broken sectional view of a heat 
exchange apparatus embodying the invention. 

FIG. 2 is a sectional view on line II—III of FIG. 1. 
FIG. 3 is a sectional view on line III-III of FIG. 1. 
FIG. 4 is a sectional view on line IV-IV of FIG. 1. 
FIG. 5 is a sectional view of a hollow interior fin or 

paddle in accordance with the invention. 
Referring in detail to the drawings in FIG. 1, there 

is indicated generally at 10 a longitudinally extending 
heat exchange conveyor including a trough or casing, 
the lower inner surface 12 being preferably cylindrical 
and extending the entire length of the apparatus. An in 
let opening 14 is provided at one end of the apparatus, 
preferably in the upper portion thereof, and an outlet 
opening 16 is provided at the other end of the apparatus, 
preferably in the lower portion thereof, when the device 
is mounted with its axis horizontal. The inlet and out 
let openings i4 and 16 may be connected to suitable con 
duits or other structures for bringing material to be 
treated to the heat exchanger and for conveying it there 
from following the heat exchange process. 

Rotatably mounted within the heat exchanger 10 is 
a double hollow shaft indicated generally at 20 includ 
ing an outer shaft 22 and coaxially mounted therein an 
inner shaft 24. As shown in the righthand portion of 
FIG. 1, conventional rotary coupling and bearing means 
are provided for fiuid communication with the hollow 
interior of shafts 22 and 24. Shaft 24 is coupled to an 
extension 25 which projects into cap 26 which may be 
connected to a conduit or the like 27. Shaft 22 is cou 
pled to an extension 29 which communicates the an 
nular space 38 between the shafts 22 and 24 with the 
interior of housing 31 and thereby with an exterior con 
duit 32 for the fluid. The other end of the hollow shaft 
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assembly 20 is supported by suitable bearing means 38 
and includes an outwardly projecting keyed shaft ex 
tension 39 for connection to a motor or other driving 
means for rotation of the double shaft assembly during: 
operation. 
A number of heat transfer assemblies are disposed 

at intervals along the shaft assembly 23 and spaced angu 
larly therearound. Indicated generally at 43 are heat 
transfer assemblies of one type, and heat transfer as 
Semblies of a second type are indicated generally at 42. 
The assemblies 4 (see FIG. 3) include an inner pipe 
indicated generally at 44 adapted to be connected at 
its inner end by a threaded or other attachment means 
46 to an opening. 48 formed in the side wall of the 
inner hollow shaft 24. A larger opening, aligned with 
the inner shaft opening is formed in the outer shaft 22 
and is indicated at 50. A second pipe indicated generally 
at 54 is connected to the outer shaft 22 at the open 
ing 50 by suitable means such as a threaded connection, 
and the larger pipe 54 extends coaxially with the inner 
pipe 44 and surrounds the latter. The outer end of 
pipe 54 is closed by a member 60 so that fiuid flow which 
may take place, for example, outwardly in inner pipe 
44 as indicated by the arrow in FEG. 3 may pass out of 
the inner pipe and must then return in the opposite di 
rection in the annular space between the outer and inner 
pipes, also as indicated by the arrow. Means are desir 
ably provided for controlling or throttling the flow of 
Such heat transfer fluid and in the present illustration 
are shown as taking the form of a threaded member 
indicated generally at 64 carried by the closure member 
60. The lower end of the element 64 may be tapered as 
shown at 66 and may be made to enter into the open 
upper end of inner pipe 44 to the degree desired. It will 
be seen that this effectively varies the cross-sectional area 
available for heat transfer fluid flow as conditions may 
require. 

Each of the heat transfer assemblies 40 is provided 
with radially extending fin or paddle means desirably 
arcuate in outer outline (see FIG. 2) and inclined at 
an angle to a plane perpendicular to the axis of shaft 
assembly 20 in order to effectively move flowable material 
along the heat exchanger during operation. The fin or 
paddle means are indicated at 70 and 72 and are fixed 
to the outer surface of pipe 54 by suitable means such 
as welding or the like. Heat transfer assemblies 42 
include inner and outer coaxial pipes 44 and 54 in fluid 
communication with the inner hollow shaft 24 and with 
outer hollow shaft 22 respectively, as in the case of 
heat transfer assemblies 40 previously, described. How 
ever, assemblies 42 are provided with adjustable paddle 
members indicated generally at 76, each of which is 
mounted upon outer pipe 54 and may be selectively posi 
tioned angularly-relative thereto. Thus the paddle men 
ber 76 (see FIG. 4) includes an enlarged cylindrically 
bored hub portion 78 provided with means for selectively 
locking the paddle 76 at any desired angular inclination 
relative to a plane normal to the shaft axis. The lock 
ing means, for example, may take the form of set screw 
80 threadedly carried by the hub 78 and abuttable. against 
pipe 54 when locked. The general shape of paddle men 
ber 76 is desirably an arcuate sector, and the hub. 78 
preferably fits closely upon pipe 54 to facilitate heat 
transfer between the hub and the outer pipe. 
An alternative form of paddle is shown in FIG. 5 

and indicated generally at 84. This paddle is of shape 
generally similar to that of paddle 79, but its interior 
86 is hollow and outer pipe 154 is much shorter than 
inner pipe. 44, thereby permitting the entire interior 86 
to serve as a return path for fluid flow passing out 
wardly of inner pipe 44 from inner shaft 24. By prefer 
ence paddle 84 is mounted for selectively adjustable posi 
tioning around the short stub shaft 154, being connected 
thereto as by threads 90 and locking means such as 
lock-nut 92, serves to maintain, the paddle in desired 
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position during operation of the apparatus. Fluid flow, 
throttling means 66 are desirably provided, the member 
threadedly engaging a radial bore 94 in the center of the 
outer edge of the paddle 84. 

Accordingly it will be seen that the apparatus herein 
above described and illustrated will afford substantial 
flexibility in heat exchange operations by reason of the 
controllable pitch or inclination of the impeller paddles 
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as well as the controllable flow of heat transfer fluid 
through the heat transfer assemblies described. It will 
be understood that the materials used in the present 
apparatus are desirably chosen for strength and relatively 
high heat conductivity in order to facilitate heat exchange 
between the flowable material being treated and the heat. 
transfer fluid flowing in the double shaft. It is to be 
observed that in accordance with the present construc 
tion the adjustable paddles need not be positioned at 
the same angular inclination throughout the length of 
the heat exchanger. The inclination of the paddles may 
be adjusted to best suit the particular process being car 
ried out so that, for example, the paddles or impeller 
blades may be inclined relatively sharply adjacent the 
inlet end of the apparatus and less sharply near the out 
let end of the apparatus. As a result of such an arrange 
ment, the flowable material being treated is moved rela 
tively rapidly longitudinally of the heat exchanger in the 
initial stages of heat transfer and is moved less rapidly 
in the terminal stages of heat transfer. 

Moreover, the fiuid circulated by the shaft assembly 
is supplied to each of the projecting heat transfer as 
semblies at substantially the same temperature through 
out the length of the shaft. The amount of heat actually 
transferred by any particular heat transfer assembly to 
or from the filowable material in the trough can be indi 
vidually controlled by the throttling means such as the 
adjustable screw 66, so that complete flexibility of tem 
perature gradient of treated material, along the trough 
may be achieved. 

It is understood that many modifications and adapta 
tions of the present device may be made such as the pro 
vision of multiple double shafted elements in a single 
heat exchange apparatus, the elements being arranged 
with interfolding fins in order to effect a more complete 
agitation and movement of the material being treated. 
It is to be also understood that mechanical details of 
construction disclosed herein may be varied widely de 
pending upon the technical considerations of a particu 
lar application of the present apparatus, and all such 
modifications not departing from the spirit of the inven 
tion are intended to be embraced within the scope of the 
appended claims. 

I claim: 
1. A rotary heat exchanger comprising: means form 

ing an enclosed elongated trough having a lower gener 
ally cylindrical inner surface; a double hollow shaft as 
sembly including an inner hollow shaft within and con 
centric with an outer hollow shaft; means rotatably sup 
porting said shaft assembly within said trough; a plu 
rality of heat transfer assemblies extending radially from 
said shaft assembly and carried thereby and spaced there 
along including a conduit for leading fluid from the in 
terior of one of said shafts radially outwardly, means for 
conveying said fluid from the outer end of the conduit. 
into the interior of the other said shaft, impeller fin means 
in heat transfer relation with the conveyed fluid and with 
flowable material in the trough and having an arcuate 
outer edge adapted to Sweep adjacent said cylindrical 
surface during rotation of the shaft assembly in the 
trough and means for securing the fin means with its 
effective plane at a selected angle relative to a plane per 
pendicular to the axis of said shaft assembly; means for 
supplying flowable material to one end of said trough 
and removing the same from the other end; means for 
supplying heat transfer fluid to the interior of one of said 
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shafts and removing the same from the interior of the 
other shaft; and means for rotating the shaft assembly. 

2. In a rotary heat exchanger: means forming an elon 
gated trough having a lower generally cylindrical inner 
surface; a double hollow shaft assembly mounted for ro 
tation in the trough including an inner hollow shaft with 
in an outer hollow shaft; a plurality of heat transfer 
assemblies in fluid communication with the interiors of 
said shafts and spaced therealong, each assembly includ 
ing a conduit for leading fluid from the interior of one 
of said shafts radially outwardly, means for conveying 
said fluid from the end of the conduit into the interior 
of the other said shaft, impeller fin means in heat transfer 
relation with the conveyed fluid and with flowable ma 
terial in the trough and having an arcuate outer edge 
adapted to sweep adjacent said cylindrical surface during 
rotation of the shaft assembly in the trough and means 
for securing the fin means with its effective plane at a 
selected angle relative to a plane perpendicular to the 
axis of said shaft assembly; and means for supplying heat 
transfer fluid to the interior of one of said shafts and 
removing the same from the interior of the other said 
shaft. 
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3. The invention as stated in claim 2 wherein said 

conveying means comprise a generally sector-shaped cav 
ity formed within said impeller fin means and surround 
ing said conduit. 

4. The invention as stated in claim 2 wherein said con 
veying means comprise a pipe concentric with and sur 
rounding said conduit. 
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