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Our invention relates to heating systems and 
it has particular relation to specialized apparatus 
for this purpose. 
One object of our invention is to provide an 

improved method of and apparatus for heat ex 
change through a Surface between fluid media. 
Another object of our invention is to provide 

a method of transferring energy from one stream 
of fluid medium to another which comprises the 

ty steps of transferring heat therebetween through 
an intervening conducting wall and adding an 
increment of mechanical energy to at least one 
of said streams during the flow thereof on oppo 
site sides of said Wall. 
A further object of Our invention is to provide 

in a heat exchanger an inherent characteristic of 
producing a usable increment of mechanical 
energy as a by-product of the heat exchange 
proper. 
Another object of Our invention is to provide 

a heat exchanger wherein a high relative velocity 
of heat transferring media, with respect to a 
heat-transferring surface is obtained in large 
part by means of moving said heat-transferring 
Surface. 
A further object of our invention is to provide 

a heat exchanger in which the Velocity of flow of 
one or both fluids through said exchanger is a 
relatively small component of the total relative 
velocity of the fluids with respect to the heat 
transferring surface. 
Another object of our invention is to provide 

a heat exchanger of such character as to produce 
pressure that will cause one or both of the media, 
to flow through circulatory Systems external to 
the exchanger. 
A further object of our invention is to produce 

a Surface heat exchanger having extremely small 
temperature gradients across the paths of the 
heat-transferring media. 
Another object of our invention relates to a 

Water or other liquid heating System in which 
the temperature difference between different 
points in the liquid is utilized in producing me 
chanical energy, a portion of said mechanical 
energy being expended to produce circulation 
Within the System. 
Other objects of Our invention Will become evi 

dent from the following detailed description, 
taken in conjunction with the accompanying 
drawing, in which: . . . . . . 

Figure 1 is a view, mainly in longitudinal Sec 
tion, of a heat exchanger constructed in accord 
ance with the principles of our present invention; 
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(C. 122-1) 
Fig. 2 is a view, in transverse section, taken 

along the line II-II of Fig. 1. 
Referring to Fig. 1 of the drawing, the struc 

ture there shown comprises a heat exchanger O) 
adapted for the transfer of heat between fluid 
media, having an outer shell or casing Of which 
may be of frusto-conical shape, with a Suitable 
base or Support fo2, the lower part of said casing 
forming a toroidal space or envelope 93 and the 
upper part forming a laterally-projecting exhaust 
outlet 04. A rotating drum 05 which may be 
of frusto-conical shape, located within and 
Spaced from casing of so as to form an annular 
paSSage 06 leading from space 03 to outlet 04, 
is Supported at its upper and lower ends by hollow 
shafts B7 and 08, respectively, shaft 8 hav 
ing a suitable bearing in base 02 and shaft 9 
projecting through and having suitable bearings 
in an electric motor or other driving means (9, 
or being otherwise suitably coupled thereto. A 
second drum 0 which may be of frusto-conical 
shape located within and spaced on all sides by 
a passage or space f from drum 95, rotates with 
drum iO5 by reason of being attached thereto by 
means of impeller blades f2 at its top. --- 
A plurality of helical baffles 3 located within 

the annular space 06 are suitably affixed to cas 
ing of and project radially toward drum O5 
terminating at a short distance therefrom as re 
quired for working clearance. A stationary hol 
low member 4 having curved blades or guide 
vanes 5, with passages 6 therebe n, 
tioned in the space between the lower ends 
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rotating drums fo5 and 10 is supported by a 
stationary hollow shaft. If 
through the hollow shaft 08 a 

and discharge pipe 9 therefrom: 
One of the most common applicatio 

a heat exchanger lies in the transfer of heat fro 
the products of combustion to a liquid medium. 
For such an application the toroidal space (03 
may serve as a combustion chamber for gaseous 
fuel supplied by a pipe 20, burner manifold 2f 
and burner tips 22, the latter projecting into 
space: 03, air for combustion entering through 
holes. 23 through which the tips project. Such 
application is not limited to the use of gaseous 
fuels, but can obviously bei adapted to the use of 
any desired fuel... . . . . . . . . . - 
In operations the moving drums ' all 

are rapidly rotated by motor: 09, causing the 
outer surface of drum: 0.5 to have a high-rela: 
tive velocity with respect: to the casing. Of and 
helical baffles fl:3.2 Products is of 'combustion or 
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other heated media flow, as indicated by the 
dotted arroWS, from the annular Space 03 up 
ward in annular space 06, which is divided into 
a plurality of helical passages by the baffles 3, 
the latter being so pitched that the products of 
combustion follow, in general, the direction of ro 
tation of the drum. The friction between the 
products of combustion and the rapidly moving 
Surface of drum 0.5 tends to cause Said products 
of combustion to rotate With the drun. By Virtue 
of the small clearance between the baffles ff 3 and 
the drum fo5 the only appreciable mass rotation 
pOSSible for the products of combustion is that 
accomplished in traversing the helical passages. 
The friction between the moving surface and the 
products of combustion thus exerts a positive force 
driving the latter in the desired direction. A 
further result of this friction is violent eddies in 
the gases within the passages. The availability 
of this positive driving force on the products of 
combustion permits the annular space 06 to be 
very shallow which, in turn, reduces the tempera 
ture difference across the gas passage. 

After flowing through the passages 06 the 
gases pass out the discharge port 94 which may 
be connected with a suitable discharge pipe or 
Stack. - 

A second medium, Such as a liquid, to which 
heat is being transferred through the wall of the 
drum O5 from a medium such as the products of 
combustion in the passage 96, may be intro 
duced into the annular space between the 
drums C5 and fle by means of the hollow shaft 
07, where it is acted upon by the impeller blades 

f f2., receiving therefrom a rotary motion causing 
it to flow rapidly outward, as indicated by the 
solid arrows, from the axis to the periphery of 
the drums and through the annular space if, 
flowing thence into the space containing sta 
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tionary member 4 where it is acted upon by 
stationary blades ff 5 causing it to flow back to 
ward the axis of rotation, and out through hol 
low shaft f8 and discharge pipe f9 to the place 
of application. 

Obviously, a medium such as liquid could be 
Caused to flow through the device in the manner 
described by means of an external source of hy 
drostatic pressure or by gravity without the use 
of impeller blades f2, stationary member f4 
and blades f 5; however, since many applications 
of such a heat-transferring apparatus cause it 
to be associated with an external circulatory sys 
tem through which the liquid must be forced 
against the resistance thereof, it is desirable, 
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ing such pressure. 

from the standpoint of economy and simplicity, 
to have incorporated within the heat-transfer 
ring device means for producing the pressure 
head required to overcome the resistance of said 
circulating System. We find a heat exchanger 
of the type herein described is remarkably well 
fitted to Serve this secondary purpose of produc 

Considering the liquid medium in the space 
between drums 05 and if 0 adjacent to the pe 
riphery of stationary member f4 we find that 
by suitable proportionment in the design of the 
Various parts of the rotating members and ap 
propriate design of said stationary member, the 
medium can be made to arrive at this point with 
any desired degree of rotational velocity up to 
the full velocity of the drums. Since the liquid 
can thus be brought to this point having any 
desired degree of kinetic energy due to its rota 
tion, Suitable means such as stationary member 

| 4 Will convert an appropriate part of such 
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kinetic energy into hydrostatic pressure of the 
nedium. - 
A fluid rotating adjacent to the periphery Of 

stationary member 4 and at the same time ap 
proaching said periphery will strike the extremity 
of blades 5 and be deflected into the passages 

S between said blades of the member 4, the 
entrant velocity being approximately equal to 
the linear velocity of rotation just prior to entry. 
By suitable proportionment of the passages with 
in member 4, the entrant velocity may be pro 
gressively decreased with the attendant conver 
Sicil of the decrement of velocity energy into hy 
drostatic pressure as the fluid traverses the mem 
ber, such pressure being available at the dis 
charge outliet f : 9. 
In order more clearly to explain the nature of 

the flow of the liquid up to its entry into the sta 
tionary member 4, let it be assumed that the 
impeller blades 2 are omitted from the struc 
ture or in some manner made inactive, also that 
the earth's gravitational force is inactive with 
respect to the fluid. If then a quantity of the 
fluid is caused to enter drum 5 through shaft 
| 97 there will be no forces acting to cause the 
fluid to flow outward and downward between the 
drums except the centrifugal force due to rota 
tion of the fluid. The fluid upon entering the 
drum may be considered as having no rotational 
velocity and there will be on that account a high 
relative velocity of the rotating surfaces with 
respect to the mass of the liquid. Contact with 
the rotating surfaces will impart to the liquid 
in unit time a certain degree of rotation depend 
ing upon the viscosity of the liquid and the pro 
portions of the passage. 
As soon as the liquid begins to rotate, the Cen 

trifugal force due to such rotation will cause it 
to move outwardly from the axis of rotation. 
This action will carry the liquid into zones of 
constantly increasing Surface 
linear velocity of rotation of the liquid is thus 
continuously accelerated by virtue of the relative 
velocity existing between the liquid and moving 
surfaces, reaching a maximum at the periphery 
of the stationary member 14. However, so long 
as the liquid is moving away from the axis of 
rotation, its linear velocity of rotation cannot. 
attain the linear velocity of rotation of the con 
tiguous surfaces. - 

It, therefore, follows that the flow of the liquid 
within the apparatus does not depend on outside 
forces such as gravity or hydrostatic pressure. 

It has been found in the transfer of heat be 
tween gaseous and liquid media through a surface 
that the chief limitations lie upon the gaseous 
side rather than the liquid side of the surface. 
While the rate of heat transfer is improved by 
having a high relative velocity between the liquid 
and the surface, it is not necessary or desirable to 
have the extremely high order of relative Veloc 
ity that is desirable between the surface and the 
gas. We find that the total relative velocity be 
tween the liquid and the surface which is the Wec 
torial. Sun of the relative velocity due to rota 
tional slippage, and the relative velocity between 
the liquid and the surface arising from the prog 
ress of the liquid in an axial direction as it 
passes through the apparatus, is of a very high 
Order when the apparatus is operating without 
impeller blades 2. For that reason it is ad 
Vantageous to make use of impeller blades 2 
which increase the rotational velocity of the liq 
luid and reduce the rotational slippage, thus de 
livering the liquid with a higher degree of kinetic 

velocity. The 
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2,169,601 
energy to be converted into hydrostatic pressure 
by the stationary member 4. 
At a given angular velocity the degree of ro 

tational slippage at the Smaller or top radius 
of the drum 95 is governed by the design of 
the impeller blades f2, and the rotational slip 
page of the fluid as it progresses along the drums 
is governed by the width of the passage , the 
rate of change of the drum diameter, the vis 
cosity of the liquid and the Volume of liquid 
flowing through the apparatus in unit time. It 
is then possible to produce any desired total 
relative Velocity between the liquid and the Sur 
face, Within very wide limits, by suitable pro 
portionment of the first four of these control 
ling factors; viscosity of the liquid, of course 
is incapable of arbitrary adjustment. 
The friction between a surface and a fluid 

moving relative thereto is associated in such a 
way with heat transfer that an increase in fric 
tional resistance due to increased Velocity Will 
increase the rate of heat transfer, other things 
being equal. Thus, the power or mechanical 
energy that is consumed in overcoming fric 
tional resistance between the heat-transferring 
surface and a fluid imoving relatively thereto is 
useful in improving the rate of heat transfer. 
But the power of energy consumed in imparting 
velocity energy to a fiuid to cause it to foW 
along a stationary Surface is of no value in in 
proving heat transfer and is to that end wasted, 
or at best may be only partially recovered by 
means of additional costly apparatus. 

Further, the frictional resistance due to the 
high relative velocity existing between surface 
and fuid is useful in our invention as a means 
of adding an increment of mechanical, that is 
pressure and/or velocity, energy to the fluid 
stream. 
The desirability of heat transfer between 

streams of fluid moving in counterflow relation 
is well known in the art. The method and ap 
paratus comprising our invention effects such 
counterflow heat exchange. . It Will be noted 
that, while the actual motion of the One stream 
of fluid with respect to the other stream of fluid 
is rather in the nature of cross-flow than coun 
terflow, still there is substantially no tempera 
ture gradient in an angular direction about the 
axis of rotation in either stream, and the maxi 
mum of temperature gradient in either stream 
exists in a plane containing the axis of rotation 
and in a direction parallel to the heat transfer 
surface; this is the condition of counterflow heat 
exchange. 
A further desirable feature of Our apparatus 

lies in the fact that it is Suited to the use of 
fluid passages that are narrow or shallow in a 
direction normal to the heat exchange Surface. 
By virtue of the fact that a fluid is transfer 
ring heat with a surface, there exists in the 
fluid a temperature gradient in a direction nor 
nal to the Surface. - The magnitude of the gra 
dient, in addition to depending on the thernal 
conductivity of the fluid, also depends on fac 
tors which will bring remote parts of the fluid 
close to the surface. There is in our apparatus 
a considerable degree of agitation in the fluids 
due to high relative Velocities with respect to 
the surface which constantly, brings new por 
tions of the fluids into contact with the surface. 
There is also operating a positive force which 
selectively acts to bring those parts of the fluid 
most differing in temperature from the sur 
face into contact with the surface; this force is 

centrifugal force. Considering that heat is be 
ing transferred from the outer to the inner me 
dium, those parts of the inner medium most re 
mote from the surface are cooler and more 
dense than those parts immediately next the 
Surface; being more dense, the cooler parts are 
caused by centrifugal force to displace the warm 
er parts at the Surface. The reverse condition 
existing upon the side of the outer medium causes 
parts of the fluid cooled at the surface to move 
away from the surface to be replaced by warmer 
parts. All of these factors operate to make the 
said temperature gradient across the fluid pas 
Sages a minimum. In view of this Small tem 
perature gradient, the fact of narrow passages 
makes p0SSible an extremely small total tem 
perature difference across the passages. Such 
Small temperature difference materially reduces 
the Overall temperature head required to secure 
a given heat transfer, other factors being equal; 
Or, stated in other Words, it permits the use of 
a Smaller heat exchange surface for a given 
Overall temperature difference and a given heat 
load. 
One notable feature of such a novel heat ex 

changer is that by virtue of the high frequency 
and short period of contact between any fluid 
particle and the surface, it can be used as a di 
rect fired apparatus for heating liquids that are 
easily damaged by heat, as for example milk," 
fruit juices, or other liquids containing animal 
Or vegetable matter. 
Another extensive field of application for the 

direct fired form of apparatus with its means 
for producing positive liquid pressures, lies in 
its use as a heating boiler for hot Water or simi 
lar Systems of heating buildings or the like where 
both the small physical size of the apparatus 
as compared with stationary equipment and the 
assurance of rapid and positive circulation of 
the liquid through piping systems are of especial 
Value. 
While the apparatus has been shown as a di 

rect fired heat exchanger having means for pos 
itively moving the products of combustion and 
means for creating considerable hydrostatic 
pressure in a liquid which is being heated, it will 
be appreciated that this is only one of many 
possible modifications of our system of heat ex 
change. 
While We have shown and described one em 

bodiment of our invention, we do not wish to be 
limited to the particular structural details there 
of, since modifications may be made without de 
parting from the Spirit and scope of our inven 
tion. We desire, therefore, that only such limita 
tions shall be imposed thereon as are indicated 
in the appended claims. 
We claim as our invention: 
1. In a heat exchanger for the transfer of heat, 

a Wall of heat conducting material in the form 
of a Surface of revolution adapted to be disposed 
between Streams of fluid mediums, a stationary 
Wall Spaced from Said Surface, a plurality of 
baffles Secured to the stationary Wall and extend 
ing to a point adjacent said surface, said baffles 
being curved at an angle to the axis of rotation 
of Said Surface of revolution and in the general 
direction of rotation thereof whereby the rotation 
of Said Surface cooperates. With Said baffles to 
produce a high relative Welocity in a stream of 
fluid positioned between the stationary wall and 
said surface. 

2. In a heat exchanger for the transfer of heat, 
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4. 
of a surface of revolution adapted to be disposed 
between streams of fluid mediums, means includ 
ing stationary baffle means for effecting relative 
rotation of Said Wall and one of said streams to 
secure a high relative velocity of said last-named 
stream. With respect to Said Wall, a second Wall 
Spaced from said first named Wall, said baffle 
means being Supported from said second Wall and 
being curved at an angle to the axis of rotation of 
said surface of revolution and in the general di 
rection of rotation thereof, and means for effect 
ing a counter-current flow between streams of 
fluid positioned on Opposite sides of said wall. 

3. In a heat exchanger for the transfer of heat 
between streams of fluid mediums, three closely 
spaced walls, the intermediate Wall being of heat 
conducting material, two of said walls being ro 
tatable and formed as surfaces of revolution, said 
streams adapted to flow on Opposite sides of Said 
intermediate wall and being confined by the re 
spective other walls, means for simultaneously 
moving said intermediate wall and one other of 
said walls, and a plurality of bafiles On the re 
maining wall open to said intermediate Wall and 
guiding one of said streams, said baffles extending 
at an angle to the axis of rotation of the moving 
walls and being curved in the direction of rota 
tion thereof. - w 

4. In a heat exchanger for the transfer of heat 
between a gaseous stream and a liquid stream, 
three walls in the form of surfaces of revolution, 
about a vertical axis the intern ediate Oine being 
of heat-conducting material, means for causing 
said liquid stream to flow downwardly between 
said intermediate wall and one other wall, means 
for causing Said gaseous. Stream to flow upwardly 
between said intermediate Wall and the remaining 
wall, means for rotating the two Walls enclosing 
said liquid stream, and impeller neans between 
said two walls for acting on said liquid stream. 

5. In a heat exchanger for the transfer of heat 
between a gaseous stream and a liquid stream, 
three walls in the form of surfaces of revolution, 
about a vertical axis the intermediate one being 
of heat-conducting material, means for causing 
said liquid stream to flow downwardly between 
said intermediate Wall and one other Wall, means 
for causing said gaseous stream to flow upwardly 
between said intermediate wall and the remain 
ing wall, means for rotating the two walls en 
closing said liquid stream, impeller means be 
tween said two walls for acting on said liquid 
stream, and a plurality of baffles on the remain 
ing wall for guiding said gaseous Stream. 

6. In a heat exchanger for the transfer of heat 
between streams of fluid Inediums, three Spaced 
Wallis, the intermediate one being of heat-con 
ducting material, said streams flowing On Oppo 
site sides of said intermediate wall and being con 
fined by the respective other walls, means for 
simultaneously moving said intern ediate Wall 
and one other of said walls, and helical baffle 
means on the remaining wall open to said inter 
mediate wall and being curved at an angle to the 
direction of movement of said intermediate wall 
for progressively guiding one of said streams 
angularly with respect to the other. 

7. In a heat exchanger for the transfer of heat 
between streams of fluid mediums, three spaced 
Walls, the intermediate One being Of heat-con 
ducting material, said streams flowing on oppo 
site sides of said intermediate wall and being 
confined by the respective other walls, means 
for simultaneously moving said intermediate wall 
and one other of said walls, and a plurality of 
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baffles on the remaining wall open to said inter 
mediate wall, said baffles being curved at an r. 
angle to the direction of movement of said in 
termediate wall, whereby the stream partly con 
fined by said remaining wall is induced to follow 
the movement of said moving intermediate Wall 
along said baffles. 

8. In a heat exchanger for the transfer of heat 
between streams of fluid mediums, three Spaced. 
walls, the intermediate one being of heat-con 
ducting material, said streams flowing on oppo 
site sides of said intern ediate Wall and being 
confined by the respective other walls, means for 
simultaneously moving said intermediate Wall 
and one other of said walls, and helical baffle 
means on the remaining Wall open to said inter 
mediate wall, and being curved at an angle to 
the direction of movement of said intermediate 
wall whereby the movement of said intermediate 
wall frictionally drives the stream confined be 
tween it and said remaining wall along said 
helical baffle means. - 

9. In a heat exchanger for the transfer of hea, 
between streams of fluid mediums, three Spaced 
Walls, the intermediate one being of heat-con 
ducting material, said streams flowing on oppo 
site sides of said intermediate wall and being 
confined by the respective other walls, means for 
simultaneously moving said intermediate Wall 
and one other of said walls, and Stationary means 
comprising curved vanes for receiving and guid 
ing the stream confined between said moving 
Walls to thereby convert the kinetic energy of 
said stream into hydrostatic pressure. - 

10. Heat exchange apparatus comprising two 
Spaced movable walls in the form of similar Sur 
faces of revolution with a common axis and 
adapted to confine a fluid stream therebetween, 
a third wall positioned to confine a separate fluid 
stream in heat exchange relation with Said first 
named stream, a fluid outlet adjacent Said axis, 
and stationary means disposed between said 
novable walls comprising spaced curved Vanes 
for receiving and guiding said first named Stream 
towards said outlet to thereby convert the kinetic 
energy thereof into hydrostatic preSSure. . 

11. In a heat exchanger for the transfer of 
heat between streams of fluid mediums, travel 
ing in substantially opposite Senses, a Wall of 
heat conducting material constituting a Surface 
of revolution, disposed between said streams, 
means for moving said wall around an axis and 
transversely to said streams to increase the ve 
locity of one of the streams relative to that of 
said wall, baffle means curved at an angle to the 
direction of movement of said Wall for confining 
and guiding one of said streams, said one stream 
receiving the mechanical energy to Sustain its 
flow from said moving wall by virtue of its fric 
tional drag thereon and being guided by said 
baffle means, a second wall constituting a Surface 
of revolution movable around Said axis for con 
fining and guiding the other stream and in 
parting to it a rapid movement along with the 
first named wall, and means located between said 
walls for Subsequently retarding said other stream 
to transform a Substantial part of its kinetic 
energy into hydrostatic pressure thereby to 
change both the temperature and the pressure 
of said other stream. . 

12. In a heat exchanger for the transfer of 
heat between streams of fluid mediums, traveling 
in substantially opposite senses, a wall of heat 
conducting material constituting a surface of 
revolution disposed between said streams, means 
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for moving said wall around an axis and trans 
versely to said streams to increase its velocity 
relative thereto, means including angularly dis 
posed baffle means for confining and guiding one 
of said streams, said one stream receiving me 
chanical energy to Sustain its flow from Said 
moving Wall by Virtue of its frictional drag 
thereon and being guided by said baffle means, 
impelling means and a second movable Wall Con 

lo stituting a surface of revolution movable around 

5 
Said axis and coacting With said first named Wall. 
to impart a rapid movement to the other Stream, 
and stationary means located between said walls 
for thereafter receiving and retarding said other 
Stream to transform a Substantial part of its 
kinetic energy into hydrostatic pressure thereby 
to change both the temperature and the pressure 
of Said other stream. 

FRANK. H. CORNEUS. 
WALKER, N. GREEN. 10 


