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of seven-twentieths to Alexander Oliver Rani. kine, Hampton, England 
Application October 23, 1942, Serial No. 

In-Great Britain october 28; 1946: 

1. 
This invention-relates to apparatus for trans: 

fer. Of heatin gaseous-media and is broadly cont 
cerned with apparatus which will permit: a gas 
eolus; medium. to haves temperature: changes; ef. 
fected: therein. The invention:can; for example, 5. 
be: employed in the maintenance: of the interior 
air temperature of: a building: at somes desired 
level... The invention may be: applied: both; in 
heatings and cooling; For simplicity of language, hereinafter the 10 casi 
word "air' will be:used instead-of-the-term "gas: 
eous: medium,' and it will be: understood thatin: 
using:the word “air morestrictionisintended as to the practical applications; of the invention. 

According: to the invention...there is: provided: I5. 
apparatus for heati. transfer, wherein: flow, and 
return: channels; are disposed in...a, rotor and are 
arranged to convey: air under: the action of cen: 
trifugal;force, such channels: having a zone where; 
heatiexchange:may take place between them, and: 20 
where isothermal expansion proceeds in the flow 
channel and isothermal. compression in the re 
turn channel, the-air in both the flow; and return: 
channels being subject:to...anadiabatic compres 
Siori: prior to entry: into the: isothermal; zone. 
whereby the air leaving the isothermal zonein. 
the flow; channel has its; temperature: raised: 
beyond that of the air: entering such flow; chan: 
nel, the whole process-proceeding in: the rotor. 

25. 

under: the action...of centrifugal force - 30: 
For a better understanding: of the: nature of: 

the invention: and to...show; how the same: may be: 
carried into effect reference will now be-made to: 
the accompanying drawings in which, 

Figure;1 is a side elevation in central section of 35. 
a practical form of the heat transfer apparatus;. 
Figure2 is: a corresponding plan view, 
Figure i3 is: an end view.correspondings to:Fig 

ure.1, the right-hand half of the view of Figure;3: 
being a section on the line:TIIR-II Rof:Figure;1, 40. 
and the left-hand. side: being, a.section... on the: 
lines IIIE-IIIL of Figure;1, . - Figure 4 is a detail representing a development. 
of a cylindrical sections having the generator; . 
IV-V shown in Figure.1,. 45. 

Figure;5 is a developed: diagram of:certainiflow 
channels; Figure 6 is a sectional end view corresponding. 
to Figure5, 

5. Claims. (C1.62-136), 
a full. The shaft. ction 3 for driving 
wer. The bear supported by...a... 

everal radial spider 
tend to a casing to ar, element, 5...having. 

ass6 (see-Fig. 3), wh 
annular-form. The casing 
rection away from 
wall. 8th - 

sland is gripped ina, 
for reception of the 
of the casing Topens. 

1444 openmouth as at 0. 
of the sha. ssimilarly car 
lement.2 supported by spider. 

f3, which is also of annular. 
. rott 'u'l ty ways 

casing. 3 opens into a further casing. 4 having. 
a mouth as at 15. The two flared casings and 
bare-enclosed by a cover 6 of inverted U-shape, 

aad, which, a icom Figure-3, is made in 
ecover 6...and.the ex 

singst and 13, there are an 
ind:8 communicating freely with 

enings. 19 and 20 in-the-base of the machine. 
The: rotor fisformed with peripheral chan 

nels. Such channels may be regarded as consist 
ing-of-two-se arallel principal channels; the 

Leotherfor."return.” These of identification and 

entrance and initia 
channel at 30, the ch 
tions to divic 
from a corresponding:portion 3h of the annular. 

i sub-divided return channel by a parti ide of Figure.1, the 

served that-the-flow 
33. and: portions is radially 

(see Fig. 3) up to t 

Figure 7 is a flow diagram; and . 50 stitu 
Figure 8-issa flow diagram, 
Referring first to Figures'.1 to 4:the machine: 

will be seen to comprise a rotorff: mounted upon. 
a shaft 2-carried in suitable bearings. In Figure: 
1 the upper part of the rotoris seen.in. Section. 55. 

  

  

  

  

  

  



3 
50 are blanked off from the channel 30 and Com 
municate at one end with the return portion 34 
and at the other end with the return portion 3f. 
In Figure 3, the closely spaced partitions 36 are 
not all shown, in order to simplify the drawing. 
In the detail of Figure 5 a pair of partitions 35 
associated with the channel portion 34 are illus 
trated in relation to the closely Spaced partitions 
36 providing the adjoining passageways in the 
region where the flow and return channels are 
closely associated with one another. In Figure 
4 the partitions 36 are seen and it will be observed 
that these partitions can effectively consist of a 
Single plate which is bent to a sinuous shape. 
In order to assist in the understanding of the 

course of the channels provided in the rotor , . 
reference will now be made to the diagrams of 
Figures 6 and 7. In these figures it is supposed 
that the channels have been Straightened and 
simplified. The return channel portion 34 is seen 
to communicate with the return channel portion 
3 through the passages 50. These passages al 
ternate With the series of closely spaced passages 
5f which all open into the flow portion 30. 
In the employment of the machine described 

above, the rotor f is rotated by a source of me 
chanical power, and as a result air is drawn in 

10 
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also be obvious that the air leaving the channel 
29 will be at a higher temperature than the air 
entering the channel 9, and moreover the air 
leaving the channel 29 will be at a higher tem 
perature than the air entering the mouth f). 
As illustrated in the drawings, the flow chan 

nel is indicated at 39 and the return channel is 
indicated at 3 and 34. In Fig. 1, it will be seen 
that the return channel 3 and 34 passes just 
behind the flow channel 30 over an area indi 
cated at the section line V-W. In this area (see 
Figs. 4, 5 and 6), numerous partitions 50 and 5 
exist, which ensure that heat exchange is pro 
moted. Fig. 6 represents a simplification of the 

15 flow channels 30 and the return channels 3 and 
3 by Simply straightening them in regard to the 
path of motion of the fluid therein, whereby such 
channels may be regarded as being upon a cy 

20 

25 

at 0 and moves centrifugally through the chan- ; 
nel portion 34. In flowing centrifugally in this 
manner, the air is at first adiabatically com 
pressed and then passes through the passages 50 
in the Zone of narrow passageways. In flowing 

30 

in this Zone compression continues, but for rea 
Sons that will become clear from the following de 
Scription, the compression is then substantially 
isothermal. The return path of the air is com 
pleted by centripetal motion through the channel 

35 

portion 3, wherein a diabatic expansion takes 
place. The motion of the air from the channel 
34 to the channel 3 commences and continues 40 
by reason of the fact that the radial column of . 
air associated with the channel 34 is considerably 
longer... than that of channel 3. Simultaneously 
with the return motion of the air, the flow mo-' 
tion proceeds, this motion consisting essentially 
of entry of a stream of air through the inlet 
9 into the portion 30 of the outer channel where 

there is adiabatic compression with the air mov 
ing centrifugally. Thereafter the air passes 
through the passages 51 and leaves from the 
mouth 3, the motion being then centripetal and 
being accompanied by an isothermal expansion. 

50 

The air passes into the annular space 8 and : 
leaves the machine at the outlet 20. Thus air 
may be regarded as drawn into the mouth 0 and 
expelled through the mouth 5. Air will also be 
drawn into the mouth 9 and expelled through . 
the mouth 22. The initial adiabatic compres 
sion occurring in the flow channel 30 will cause 
the temperature of the air to rise. Isothermal 
expansion in the passages 5 will tend to result in 
air delivery at the temperature reached after 
the adiabatic process. Clearly, in order to carry 
out an isothermal expansion, heat must be de 
livered to the air during the isothermal process, 
and this is achieved by reason of the adiabatic 
compression which takes place in the initial part 

60 

65 

34 of the return channel and the subsequent iso 
thermal compression in the passages 50 during : 
heat exchange. The final adiabatic expansion 
carried on in the return channel 3 will of course 

70 

result in lowering of the temperature, and it is 
therefore to be expected that the air leaving. 
from the mouth 5 will be at a lower tempera 
ture than the air entering the mouth iO. It will 75 

tially the Same. 

lindrical Surface With axis located at the axis 
of the shaft 2 (Fig. 1). In Fig. 5 the diagram 
may be regarded as a development of the cylin 
drical 'surface' obtained by straightening the 
channels 30, 3 and 34. 

Referring again to Fig. 1, the return channel 34. 
has a greater radial extent than return channel. 
3, which will promote a flow from the longer 
to the shorter channel. The radial extent of 
the two columns of flow channel 30 is substan 

While it might be advisable to 
have the two columns of the flow channel of 
different lengths, it is not necessary because 
in - the initial operation of the machine ... the 
a diabatic compression occurring in the first part. 
of the return channel and the Subsequent iso 
thermal compression provided sufficient heat to 
raise the temperature in one column of the flow 
channel. The raising of temperature in this way 
insures. that the density of the air in the one, 
column of the flow channel results in the neces, 
sary unbalance to ensure a desired counterflow. 
in the flow channel. 

If the two channels both had precisely similar 
thermodynamic processes proceeding in each one 
of them but oppositely directed, the transfer of 
heat between the air streams in the two channels. 
Would tend to keep the two air streams; at con 
stant temperature. However, it Will be seen that 
air enters the return channel and first under 
goes a diabatic compression. Whereby the tem 
perature rises. Thereafter, compression con 
tinues in the return channel, but this compres 
sion proceeds in a large number of passageways 
made of conducting material which ensure that 
there can be heat exchange with the air in the 
overlapping part of the flow channel. Thus the 
compression continues in a non-adiabatic fash 
ion and tends to be isothermal with heat be 
ing imparted to the air in the flow channel. Con 
tinuing further the progress of air in the return 
channel, after the isothermal compression is end 
ed, an a diabatic expansion proceeds in the right 
hand column of the return channel without 
further heat exchange with the air in the flow 
channel. Considering now the equivalent series 
of thermodynamic operations in the flow chan 
nel, it Will be realized that air enters the flow 
channel and undergoes an adiabatic compression. 
thereby experiencing a temperature rise until the 
air enters the region where heat exchange can 
take place With the air in the return channel. 
In the heat exchange region, expansion of the air 
in the flow channel takes place, but heat is re 
ceived from the return channel air and hence 
expansion of the flow channel air takes place 
Substantially, isothermally. Following the iso 
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thermal expansion-the-flow channel air is dia. 
rectly expelled. It is thought that it must logies 
cally follow that the temperature at which the 
flow air is expelled will be higher than the tem 
perature at which such air is taken into the flow 
channel. - . . 

The P. W. diagram for the machine is...shown in 
Fig. 7 and the T. S. is shown in Fig. 8. The used 
air from the building enters the pump at f and 
is compressed adiabatically by the first stage of 
the fanblading to the point 72 where it enters the 
heat exchangersection. The fresh air from the 
atmosphere enters at 74 and is also compressed 
adiabatically up to point 75 where it enters the 
opposite end of the heat exchange Section. The 
adiabatic compression of both used and fresh air 
is so adjusted that after compression they are at 
the same temperature, and since the used air en 
ters the machine at a higher temperature than 
the fresh air, the amount of compression given 
to the used air is correspondingly less. The tWO 
streams are then led through the heat exchanger 
section in opposite directions, the used air being 
compressed further by centrifugal force to the 
point 72' and the fresh air expanding cen 
tripetally to the point 75. Since the facilities for 
easy heat exchange are provided and since both 
streams of air enter the heat eXchanger at the 
same temperature, compression and expansion in 
the heat exchanger takes place isothermally. 
After passing through the heat exchanger, the 
fresh air, now heated and expanded to at 
mospheric pressure, is led into the building. The 
used air is allowed to expand back between the 
heat eXchanger sections, so doing work on the 
rotor and being cooled. It then leaves the ma 
chine and is exhausted to atmosphere at a tem 
perature below the atmospheric temperature. 
The various stages of the process are indicated 

on the P. W. and T. S. diagrams in Figs. 7 and 8. 
It will be appreciated that the machine works 
on an open circuit, the air being taken from and 
finally delivered to the outside atmosphere. The 
cycle is completed, therefore, by the isobaric 
heating process 73-74 and 75-7 shown dotted 
on these diagrams. 
In order that those portions of the flow and 

return channels intended for adiabatic processes 
should in fact promote a diabatic processes, such 
channels are as far as possible heat insulated. 
In the Zone where the flow and return channels 
run side by side, and where isothermal opera 
tions are desired, conditions for maximum heat 
exchange should be provided. This is indeed the 
case, since the closely spaced partitions 36 are 
made from a good heat conducting material, and 
moreover the immediate proximity of the flow and 
return passages created by the partitions 36, fa 
vours heat eXchange. 

In the illustration of Figure 1, it appears that 
the radial extent of the air columns associated 
With channel mouth 37 and channel 30 are sub 
stantially the same, so that no tendency would 
apparently exist for the motion of the air di 
rected from channel 30 to the channel mouth 
37. The motion commences (and continues) for 
the reason that the air column radially extend 
ing from channel mouth 37, becomes heated due 
to the heat exchange with the air that has been 
a diabatically compressed in the channel 34 prior 
to the heat exchange. Since this heating will 
cause a reduction indensity of the air in the col 
umn associated with the channel mouth 3, the 
motion commences and proceeds. 

In describing the mode of operation of the 
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thermal processi is to be considered broadly as: 

6. 
machine above and in thesappended claims; such, 
terms as “adiabatic' and 'isothermal have been: 
employed. Although in the ideal... case... true, 
a diabatic and isothermal processes: Would; Oe 
cur, nevertheless-in practice the zone where iso 
thermal processes should occur: may not exactly. 

Thus for the: 
purposes of the present specifications an iso 

change is reduced to a practical minimum. 
If sodesired the fallini temperature:caused by: 

the adiabatic expansion in the return channel 
portion 31, could be employed to reduce the hu 
midity of air entering the flow channel portion 
30, by arranging for a pre-cooling operation on 
the air entering the inlet 9. 
The construction of the machine shown in the 

drawings represents a useful form for raising of 
the temperature of the air within a building. The 
mouth 9 can be arranged to draw air from the 
building, whilst the mouth 20 delivers thereto air 
at a higher temperature. Both the mouths 5 
and 9 can then be open to the atmosphere ex 
ternal to the building. Just as the machine can 
be used for raising the temperature of a body of 
air, it can clearly be used for lowering the ten 
perature of a body of air, where a refrigerating 
or cooling effect is desired. Other applications 
of the invention will be apparent from considera 
tion of the principles which underlie the same. 
I claim: 
1. Apparatus for heat transfer comprising a 

rotor, bearings for Supporting said rotor to per 
mit the same to be rotated about an axis, a flow 
channel disposed in said rotor and opening at 
either side thereof, to provide an inlet and out 
let for air to and from said flow channel, a re 
turn channel disposed in said rotor and open 
ing at either side thereof to provide an inlet and 
an outlet for air to and from said return chan 
nel, the inlet of one channel being disposed ad 
jacent the outlet of the other, a first zone in said 
flow channel extending from the inlet side there 
of and in which a diabatic compression of air is 
promoted, a second zone in said flow channel 
wherein isothermal expansion of said air is pro 
noted, a first Zone in said return channel extend 
ing from the inlet thereof and wherein a diabatic 
compression is promoted, a second zone in said 
return channel wherein isothermal compression 
is promoted, and means promoting heat exchange 
in said second zones of the flow and return chan 
nels. 

2. Apparatus for heat transfer according to 
claim 1 in which the return channel has a third 
ZOne extending to the outlet thereof and Wherein 
a diabatic expansion is promoted in a region ad 
jacent Said first Zone of the flow channel. 

3. Apparatus for heat transfer according to 
claim 2 in which the flow channel in the rotor 
is disposed with said first zone having a radial 
Component of direction for the production of cen 
trifugal flow therein whilst the second zone of 
Said flow channel has also a radial component 
of direction to allow centripetal flow therein, the 
return channel having the first and second zones 
thereof disposed with a radial component of di 
rection to promote centrifugal flow therein whilst 
the third Zone of said return channel has a radial 
component of direction promoting centripetal flow 
therein. 4. Apparatus for heat transfer according to 
claim 1 wherein said means for promoting heat 
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exchange consist of relatively small adjacent pas 
sages which alternately connect with the flow and 
return channels and which are made of heat con 
ducting material. 
5. Apparatus for heat transfer according to 

claim 1 and further comprisinng a first pair of . 
conduits nested one within the other the inner. 
conduit being arranged to communicate with the 
outlet side of the return channel and the outer 
conduit being arranged to communicate with the 
inlet side of said flow channel, and further com 
prising a Second pair of nested conduits, the in 
ner conduit communicating with the inlet of said 

s 

8 
return channel and the outer conduit connecting 
with the outlet of said flow channel. 

NICHOLAS S. JAPOLSKY, 

REFERENCEs CITED 
The following references are of record in the 

file of this patent: 
UNED STATES PATENTS 

10 Number Name Date 
2,393,338 Roebuck ------------ Jan. 22, 1946 
2,490,065 Kollsman ----------- Dec. 6, 1949 
2,490,067 Kollsman ----------- Dec. 6, 1949 


