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UNITED STATES 

1,965,733 

PATENT OFFICE 
1965,733 

METHOD AND APPARATUS FOR HEATENG, 
COOLING AND VENTILATING 

Clark W. Chamberlain, East Lansing, Mich. 
Application January 2, 

6 Claims. 

The present invention, relating, as indicated 
to methods of and apparatus for heating, cool 
ing and veintilating, has more, particular refer 
ence to processes of and machines for heating, 
cooling and ventilating the interiors of buildings 
and the like, and its principal object, broadly 
Stated, is to provide methods and means where 
by these functions can be nechanically effected. 
My invention relates to the movement of heat 

from the exterior atmosphere to the interior air 
of a compartment to be heated, Or the removal of 
heat from the interior air of a compartment to 
be cooled, to the outside atmosphere by the ex 
penditure of an amount of energy less than the 
mechanical equivalent of the heat so transferred. 
One object of any invention is to heat and ven 

tilate confined spaces by removing by purely me 
chanical means heat from the foul or vitiated air 
of such space, and returning Such air to the 
outside atmosphere at a temperature lower than 
the temperature of the outside atmosphere, in 
troducing fresh air into the confined space, and 
raising the temperature of the fresh air so intro 
duced, thus retaining in the interior the heat of 
the expelled air and pumping heat from the out 
side atmosphere into the interior to restore the 
heat lost by the interior through conduction, ra 
diation and other means. 
Another object of my invention is to cool and 

ventilate confined spaces by the introduction of 
fresh air the temperature of which has been low 
ered by mechanical means, returning the vitiated 
air to the outside atmosphere and raising the tem 
perature of the air so removed, thus retaining in 
the interior the refrigerating effect of the ex 
pelled air and pumping heat from the confined 
space to the outside atmosphere to remove heat 
gained by the interior of such space through con 
duction, radiation and other means. 
Another object of my invention is to reduce to 

a minimum the range of temperature in the com 
pression and expansion members of heating and 
cooling machines, thereby increasing their effi 
ciency. 
Another object of my invention is the utilization 

of the excess of temperature of the vitiated air 
removed from an interior over the temperature 
of the outside atmosphere to increase the eff 
ciency of mechanical heating. 
Another object of my invention is the utiliza 

tion of the refrigerating effect of the vitiated 
air removed from an interior to increase the efi 
ciency of mechanical cooling. 
... Another object of my invention is to reduce to 
a minimum the temperature range through which 

1931, Serial No. 506,175 
(C. 257-9) 
heat falls by conduction in a mechanical heating 
and cooling machine, thereby increasing its ef 
ficiency. 
A Seventh object of my invention is to provide 

a single machine which will heat, cool, and ven 
tilate, without any change or addition of mech 
anism, or change of direction of flow of air cur 
rents through the machine. 
To the accomplishment of the foregoing and 

related ends, Said invention, then, consists of the 
means hereinafter fully described and particular 
ly pointed out in the claims. The annexed draw 
ings and the following description setting forth in 
detail certain mechanism embodying the inven 
tion, such disclosed means constituting, however, 
but One of various mechanical forms in which 
the principle of the invention may be used. 

In Said annexed drawings: 
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Fig. 1 is a schematic diagram indicating, the 
cycle through which the vitiated and fresh air is 
moved when the machine operates as a heater; 
Fig. 2 is a fragmentary sectional view of a portion 
Of the apparatus illustrated in Fig. 1; Fig. 3 is 
a fragmentary part sectional, part elevational 
view of the apparatus illustrated in Fig. 2 taken 
on a plane substantially indicated by the line 
3-3; Fig. 4 is a graph showing by means of curves 
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the thermodynamic efficiency of the Kelvin ap 
paratus and the method and apparatus compris 
ing my invention; Fig. 5 is an indicator diagram 
for the apparatus of my invention; and FigS. 6, 7 
and 8 are respectively part sectional, elevational 
and a plan view of the heat exchanger unit emi 
ployed in my invention. 

Referring more Specifically to the drawings, and 
more especially to Fig. 1 in the schematic ar 
rangement here illustrated, the vitiated air from 
near the floor of the interior or room enters at 1, 
is deflected by the wane 2 to the compressor 3, 
passes through the counter-flow heat inter 
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95 
changer 4, 5, where its temperature is lowered, to 
the expander 6 where its pressure is lowered to 
that of the atmosphere and its temperature below 
that of the atmosphere, then deflected by the 
Vane 2 to the outside atmosphere at 7. 

Fresh air from outside the confined space to 
be heated is admitted to the machine at a higher 
level 8, is deflected by the vane 9 through the 
counter-flow heat interchanger 5, 4, where its 
temperature is raised, to the displacer 10, then 
deflected by the vane 9 to the interior at 11. 
The compressor, expander, and displacer here 

inafter more fully described are operated at the 
same speed. Their diameters are preferably 
equal but their lengths soproportioned that equal 
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2 
masses of air enter and leave the interior at each 
stroke. 
The same machine is used to cool the confined 

space by the setting of the vanes 2 and 9 to the 
position shown in dotted lines in Fig. 1, these 
positions being at right angles to those occupied 
when the machine is used to heat the interior. 
In this case fresh air from the outside enters at 
7, is deflected by the vane 2 to the compressor 3, 
passes through the counter flow heat inter 
changer 4, 5 where its temperature is lowered, to 
the expander 6 where its pressure is lowered to 
that of the atmosphere and its temperature below 
that of the atmosphere, then deflected by the 
vane 2 to the interior at 1. 

vitiated air from the interior to be cooled is 
admitted to the machine at a higher level 11, is 
deflected by the vane, 9 through the counter 
flow heat interchanger 5, 4 where its tempera 
ture is raised, to the displacer 10, then deflected 
by the vane 9 to the exterior at 8. 

It will be noted that the direction of motion 
of the machine and the air currents through the 
machine remain the same whether the machine 
Operates as a cooler Or as a heater. 
An ideal indicator diagram for the Whole cycle 

is shown in Fig. 5, where ECBA shows the action 
of the compression cylinder and F A DE shows 
that of the expansion cylinder. The area. A B CD 
represents the net amount of Work that is ex 
pended. The compression and expansion are 
treated as approximately adiabatic and the Vol 
ume of the heat interchanger Such that its pres 
Sure is sensibly constant. 

in the case where it is desired to remove vitiat 
ed air at 15 degrees centigrade and introduce 
fresh air at 25 degrees, with the outside tempera 
ture at 13 degrees, the volume at C, B, A, and D, 
Fig. 5, that is the maximum volume of the com 
pressor, the volume after adiabatic compression to 
25 degrees, the volume after cooling at constant 
pressure to 13 degrees, and the volume after adi 
abatic expansion to atmospheric pressure, are 1, 
0.96, 0.88, and 0.92 respectively. The correspond 
ing pressures in atmospheres are 1, 1.13, 1.13, and 
1, while the corresponding temperatures are 15, 
25, 13, and 3.4. The coefficient of performance of 
the machine in this case is 24.8. 

If the outside temperature is -50 degrees centi 
grade, the volumes at C, B, A, and D are 1, 0.92, 
0.69, and 0.75. The corresponding pressures in 
atmospheres are 1, 1.13, 1.13, and 1, while the 
corresponding temperatures are 15, 25, -50, and 
-57.5, with a coefficient of performance of ap 
proximately 4. 
The apparatus illustrated in the schematic dia 

gram, Fig. 1 is most clearly illustrated in Figs. 
2, 3 and 6 to 8. Referring more specifically to 
Figs. 2 and 3, it will be noted that I have in these 
figures illustrated the construction of the ex 
pander and compressor which have been more or 
less diagrammatically illustrated at 3 and 6 in 
Fig. 1. Referring then more specifically to Fig. 2 
it will be noted that the compressor or expander 
consists of a drum 14 which has a portion of its 
lateral wall cut away so as to be in communica 
tion with the ingress and egress ducts. The cylin 
der 14 has mounted coaxially therein, a fixed shaft 
13, upon which are rotatably mounted a plurality 
of separately movable fins or vanes 12, which ex 
tend into close proximity to the inner periphery 
of the cylinder 14. Mounted eccentrically of the 
cylinder 14 is a cylindrical member 15, which is 
rotatable about its axis 16. The cylinder member 
15, which is a driving or driven member depend 

1965,733 
ing upon the use to which the apparatus is put has 
a plurality of slots therein corresponding to the 
number of vanes 12, and through which Such 
vanes extend. Cylindrical stuffing boxes 17 are 
provided in the slots through which the vanes 12 
extend, so that as the cylindrical member 15 ro 
tates or is caused to rotate, the fluid trapped in 
termediately of the vanes. 12 will not escape at 
this point. 
A fixed abutment 18 in contact with the periph 

ery of the cylindrical member 15 separates the 
high and low pressure sides of the apparatus and 
in effect separates the ingress and egress con 
duits. As the cylindrical member 15 rotates it 
will be noted that the eccentricity thereof rela 
tive to the cylindrical member 14 will produce a 
relative movement between the vanes 12. If the 
lateral wall of the cylinder 14 were to terminate 
at 19 and 20, or at such points as to provide the 
maximum capacity for each stroke depending 
upon the number of Vanes 12 employed, then 
the rotation of the cylindrical member 15 effect 
ing a rotation of the vanes 12 about the fixed 
axle 13 would cause the apparatus to operate as 
a displacer, simply moving volumes of air from 
One side to the other without effecting any change 
in the pressure or volume thereof. This form 
of construction is adopted for the displacer 10 
illustrated in Fig. 1, where only a displacement 
of air is desired without any change in its pres 
sure, temperature or volume. 

If, however, the peripheral extent of the wall 
of the cylinder 14 is increased past this semi 
circle for a 4 vane device on either side, then 
the machine may be converted into either a com 
pressor or an expander. As illustrated in Fig. 
2, the machine is adapted to function as the 
expander 6 illustrated in Fig. 1. In forming the 
expander the ingress lip 23 is extended and in 
producing the compressor 3 the egress lip 21 is 
extended by means of a plurality of elements 
Such as 22 which may be inserted to accurately 
vary the extent of such egress lip 21, and ac 
Cordingly regulate or vary the pressure built up 
by the compressor formed in this manner. 
From the above description it will be noted 

that an element such as is illustrated in Fig.2 may 
be employed with very little, change in each of 
the three steps, namely, the compressor, dus 
placer and expander. 

In the preferred form of construction of the 
apparatus comprising my invention, these three 
units, namely the compressor, displacer, and 
expander will be formed as is most clearly illus 
trated in Fig. 3, namely, by having these units *. 
disposed side by side in axial arrangement, so 
that the shell 14, of the hereinbefore described 
cylinder may be made continuous for all three 
units, and the axle or shaft 13 may likewise ex 
tend through such units. 
3 the expander and the displacer are shown side 
by side with the figure broken away without 
showing the compressor, which would be placed 
adjacent the displacer 10 on the other side thereof 
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As illustrated in Fig. 

from the expander 6. In this preferred form of 
construction, the cylindrical member 15 will ex 
tend through the several elements and may be 
journaled in bearings mounted in the ends of 
the cylinder 14. It will be noted that means 
may be employed in communication with the 
cylinder 15, so that the same may be driven by 
suitahle prime mover means (not shown). In 
this combined form of construction the cylindri 
cal member 15 in addition to its function of 
producing the proper relative movement be 
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tween Such several elements, also functions as 
a mechanical linkage between the Several units. 
The counter-flow heat exchanger is more clear 

ly illustrated in Figs. 6, 7 and 8. The ducts 4 
S through which the air flows in One direction 
through such heat exchanger are produced by 
the struck up portion 26 of the web or plate 
member 25. These struck up portions are ta 
pered so that telescopic engagement of adjacent. 

O portions will be had as such plates 25 are brought 
into assembled relation. The struck up portion 
26 of the plates 25 have their ends formed with 
transversely extending baffles 29 which will serve 
as baffles extending across the stream of air or 

5 fluid passing through the conduits 4. Such baf 
fies 29 are a continuous metallic extension of the 
side walls of the struck up portions 26, so that 
conduction of heat from the fluid flowing through 
the tubes 4 and the side walls and flat surface 

20 of the plates 25 is a maximum. The strips 25 
from which the tube portions 26 are struck up 
have such struck up portions provided adjacent 
their edges as at 27 and 28 in the manner illus 
trated at 27, so that when a plurality of such 

25 plates are employed to form a heat exchange 
unit, the plates 25 will provide a circuitous pas 
sage for the air flowing from one end of such 
heat exchanger to the other, around the outside 
of the conduit 4... The particular construction 

30 of the heat exchange element as hereinbefore de 
scribed is desirable due to the fact that a metallic 
path is had between the air on the inside of 
the tube 4 and the air on the outside thereof, 
while the longitudinal extent of the tube 4 is 

35 broken up into a plurality of sections, so that 
conduction of heat in this direction is reduced 
to a minimum. In the assembly of the heat ex 
changer the fins or plates adjacent one end of 
the radiator will be omitted from Such tubes as 

40 at 31, so that this open space will serve as a 
header for the heat exchange element. Strips 
of insulating material such as 30 are positioned 
intermedially of the conduits 4 SO that the air 
will take a truly counter flow through the heat 

45 exchanger as illustrated in Fig. 7. 
By employing the hereinbefore described form 

of counter flow heat interchanger the Outside air 
will flow in at one end of the interchanger and 
the inside air will flow in at the other end there 

50 of, so that the resultant temperature of each of 
such streams will be substantially equal to the 
temperature of the other stream at the incoming 
end. W 

It is believed that a further description of the 
55 apparatus comprising my invention is unneces 

sary for those familiar with the art, it being noted 
that in the above description and in the draw 
ings associated therewith, a number of elements 
have been shown diagrammatically in form, but 
inasmuch as such elements are well known to 
those familiar with the art, a more detailed de 
scription thereof is believed unnecessary. 
Other modes of applying the principle of my 

invention may be employed instead of the One 
it explained, change being made as regards the 

mechanism herein disclosed, provided the means 
stated by any of the following claims or the equiv 
alent of such stated means be employed. 
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I therefore particularly point out and distinct 
ly claim as my invention:- 

1. The method of tempering the air of an en 
closed space, which comprises the steps of draw 
ing separate apportioned amounts of air from 
such space and from the space Surrounding the 

80 

same, compressing one of said amounts of air, 
cooling said compressed air, adiabatically expand 
ing said compressed air and discharging the Same. 
to one of said spaces, and simultaneously dis 
charging the other of said amounts of air to the . 
other of said spaces, the cooling of said com 
pressed air being accomplished solely by the last 
named amount of air. 

2. The method of heating an enclosed Space 
which comprises the steps of Withdrawing the 
vitiated air from Such space at approximate at 
mospheric pressure, compressing Said vitiated air, 
cooling said compressed vitiated air and then 
adiabatically expanding said compressed air and 
discharging the same to the outside, and simul 
taneously introducing fresh air from the outside 
to said space, the heating of said fresh air being 
accomplished Solely by cooling said vitiated com 
pressed air. 

3. The method of cooling an enclosed space 
which comprises the steps of withdrawing the 
vitiated air from such space at approximate at 
mospheric pressure, and simultaneously com 
pressing fresh air drawn from the outside, cooling 
Said compressed air and then adiabatically ex 
panding Said compressed air and introducing it 
into the said space to replace the withdrawn 
vitiated air, the cooling of Said compressed a...' 
being accomplished solely by said withdrawn air. 

4. In apparatus for tempering the air of an 
enclosed space, the combination of means for 
drawing separate apportioned amounts of air 
from such space and from the space surround 
ing the same, means for compressing one of said 
amounts of air, means for cooling said con 
pressed air solely by the use dif the other of Said 

95 

100 

105 

110 

15 

amounts of air, whereby the latter amount is 
heated, means for adiabatically expanding said 
compressed air, and means for separately dis 
charging said separate amounts of air to said, 
Separate spaces. 

5. In apparatus for heating an enclosed space, 
the combination of means for withdrawing the 
vitiated air from such space, means for Com 
pressing said vitiated air, means for introduc 
ing fresh air from the outside to said space, 
means for cooling said compressed vitiated air 
solely by means of said fresh air whereby said 
fresh air is heated, means for adiabatically ex 
panding said compressed vitiated air and dis 
charging the same to the outside of Said Space. 

6. In apparatus for cooling an enclosed Space, 
the combination of means for withdrawing viti 
ated air from such space, means for compressing 
a quantity of fresh air from the outside of said 
space, means for cooling said compressed air 
solely by means of said vitiated air, discharging 
said heated vitiated air to the outside of Said 
space, and means for adiabatically expanding 
said compressed fresh air and introducing the 
same to said space. 

CARK W. CHAMBERLAN. 
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