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[57] ABSTRACT 
A hot gas machine is presented, suitable for use either 
as an engine, heat pump or a refrigerator, wherein a 
single stream of external ?uid is in heat exchange with 
a working ?uid in two counter?ow heat exchangers to 
heat and cool the working ?uid. 1.519.353 I2/l924 Bowen ct 60/38 UX 

2.5936963 4/1952 Biggs ...................... 60/49 UX 12 Claims, 7 Drawing Figures 
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nor GAS MACHINE 

BACKGROUND OF THE INVENTION 

This invention relates to the field of hot gas ma 
chines. More particularly, this invention relates to the 
?eld of hot gas machines which can be used either as 
engines, heat pumps, or refrigerators, and the hot gas 
machine of the present invention may be characterized 
as a modified Stirling engine wherein the regenerator. 
previously required for Stirling engines, is eliminated. 
The regenerator is structurally eliminated along with 
the standard preheater and radiator while their func~ 
tions are retained by- the use of a pair of counter?ow 
heat exchangers through which both the working ?uid 
and the external ?uid pass in reverse sequence. 
Hot gas machines which may serve as engines, heat 

pumps or refrigerators are well known in the art. A 
conventional hot gas machine normally includes a 
working piston and a displacing piston which are 
mounted for out-of-phase movement. Air or some 
other external ?uid is heated in a hot space by an exter 
nal source of heat and delivered to an expansion (or 
hot) chamber. During the cycle the displacement pis 
ton moves up into the expansion chamber to displace 
the hot air through a regenerator to a compression (or 
cold) chamber where the air undergoes an adiabatic 
compression. The displacement piston then moves 
downwardly to meet the working piston which is mov 
ing up, and air from the compression chamber is forced 
back through the regenerator to the hot chamber. The 
pressure of the air in the expansion chamber is greater 
than atmospheric and the pressure forces both the dis 
placement piston and working piston downwardly to 
provide the power stroke. The displacement piston 
then returns in an upward stroke while the working pis 
ton continues to move downwardly so that hot air from 
the compression chamber is again displaced through 
the regenerator to the cold chamber where it is again 
compressed as the working piston begins its upward 
stroke to repeat the cycle. The working ?uid is heated 
in cross-?ow heat exchange from an external source 
such as a combustion chamber, and is cooled by cross» 
?ow heat exchange with a radiator cooled ?uid. Thus, 
the typical prior art hot gas engine has an internal 
working ?uid which moves back and forth between ex 
pansion and compression spaces along a duct which in 
cludes two cross~?ow heat exchangers with a regeneras 
tor between the heat exchangers, one of the heat ex 
changers being connected to a heat source, and the 
other being connected to a heat sink. 
Another typical embodiment of prior art hot gas en 

gines is a double cylinder, two piston type wherein a 
pair of working pistons are arranged in a V formation, 
the piston cylinders being connected by a duct and 
forming the hot and cold spaces for expansion and 
compression of the working ?uid. The connecting duct 
houses the regenerator and the pair of cross-?ow heat 
exchangers. 
Typical examples of prior art hot gas engines may be 

found in references such as the Standard Handbook for 
Mechanical Engineers, Baumeister & Marks, seventh 
Ed. (McGraw Hill, I958, 1967) in Section 4, Page 29, 
and in such patents as Finkelstein et al. US. Pat. Nos. 
2,724,248. Sigtstra et al. 3,3l0,954 and Reinhoudg et 
al. 3,3l8,l00, which patents are typical of the prior art 
but by no means a complete compilation thereof. 

2 
These prior art hot gas machines all require a regen 

erator in the working ?uid ?ow path, and this regenera 
tor is a particularly complicating factor which adds to 
the cost of the engine, limits performance and impairs 

5 efficiency. Furthermore, it should also be noted that 
these prior art engines require three ?uid paths, there 
being one internal path and two external paths. The in 
ternal path, of course, is the working ?uid which tra 
verses between the expansion space and the compres 
sion space through the ducting which includes the re 
generator. One external ?uid path incorporates the 
heat exchanger associated with the expansion space 
and includes the preheater and combustion chamber, 
this external ?uid path being for heating. The second 
external ?uid path, for cooling, includes the heat ex 
changer associated with the compression space and a 
radiator or other cooling device. The requirement for 
two external ?uid paths is still another complicating 
and limiting factor in these hot gas machines. 

Still another signi?cantly limiting or complicating 
factor of the prior art machines is that the working 
?uid, since it must pass through the same regenerator 
and heat exchangers in both directions when traveling 
between the expansion space and compression space, 
is recooled after the compression stroke and reheated 
after the expansion stroke. Both this reheating and re 
cooling are counterproductive to the desired result at 
that part of the engine cycle, and thus reduce the effi 
ciency of the engine. 

30 
SUMMARY OF THE INVENTION 

The above discussed and other problems of prior art 
hot gas engines are eliminated or significantly reduced 
by the hot gas machine of the present invention 
wherein the regenerator is completely eliminated and 
only a single external ?uid circuit is required in con 
junction with the one internal working ?uid. Stated 
broadly, the hot gas machine of the present invention 
comprises an expansion (or hot) space, a compression 
(or cold) space, operating mechanisms (such as pis 
tons, turbines, pumps or rotors) for the expansion and 
compression spaces, and a pair of counter?ow heat ex 
changers whereby a single external ?uid is in counter 
?ow heat exchange with the internal working ?uid at 
two separated locations in the path or cycle of the in» 
ternal working ?uid. When it is stated that the counter 
?ow heat exchangers are at two separate locations in 
the path or cycle of the internal working ?uid, it is 
meant that one of the heat exchangers is between the 
expansion space and the compression space in the di 
rection of ?ow of the working ?uid, and the other heat 
exchanger is between the compression space and the 
expansion space in the direction of flow of the working 
?uid. The direction of ?ow of the external working 
?uid through these heat exchangers is, of course, al 
ways opposite to the direction of ?ow of the working 
?uid. 
The arrangement of the present invention completely 

eliminates the regenerator and all of the disadvantages 
associated with it and its two associated cross-?ow heat 
exchangers. The present invention also provides for a 
single continuous closed ?ow path for the working ?uid 
without the need for it to double-back upon itself as in 
the prior art, thus eliminating the previously experi 
enced undesirable recooling after compression and re» 
heating after expansion; and the present invention re 
quires only a single external ?uid, thus eliminating the 
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prior art requirement for two external ?uid paths. Fur 
thermore, while the prior art hot gas machines have re 
quired a preheater in the external heating path and a 
radiator in the external cooling path, the present inven~ 

4 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A full appreciation of the features and advantages of 
tion also eliminates the need for a separate preheater 5 the present invention can perhaps best be achieved by 
and radiator, these functions being performed by the 
counter?ow heat exchangers. Thus, a significant aspect 
of the present invention is found in the fact that the re 
generator and separate preheater and radiator of the 
prior art are eliminated while their functions are re 
tained by the pair of cross-?ow heat exchangers. Fur 
thermore, only a single external ?uid is required and 
the internal working ?uid is permitted to travel in a 
continuous path thereby eliminating the counterpro 
ductive recooling after compression and reheating after 
expansion experienced in the prior art. A further signif_ 
icant advantage of the present invention is the simplic~ 
ity of construction which can be achieved, thus elimi 
nating the complex piping and cylindrical heat ex 
changers and combustion chamber con?gurations of 
the prior art. 
Accordingly, one object of the present invention is to 

provide a novel and improved hot gas machine. 
Another object of the present invention is to provide 

a novel and improved hot gas machine wherein the re 
generator is eliminated. 

Still another object of the present invention is to pro 
vide a novel and improved hot gas machine requiring 
only one external ?uid for heat exchange with the 
working ?uid. 

Still another object of the present invention is to pro 
vide a novel and improved hot gas machine wherein all 
heat exchange is accomplished in a pair of counter?ow 
heat exchangers which interact with the internal work 
ing ?uid. 

Still another object of the present invention is to pro 
vide a novel and improved hot gas machine wherein the 
internal working ?uid travels in a continuous closed 
path. “ 

Still another object of the present invention is to pro 
vide a novel and improved hot gas machine of higher 
efficiency and considerably simpler construction than 
the prior art. 
Other objects and advantages of the present inven 

tion will be apparent to and understood by those skilled 
in the art from the following detailed drawings and de 
scription. 

BRIEF DESCRIPTION OF THE DRAWING 

Referring to the drawings, wherein like elements are 
numbered alike in FIGS. 1A and 1B and wherein like 
elements are numbered alike in FIGS. 2, 3 and 4: 
FIG. IA is a representation of one form ofa prior art 

hot gas machine. 
FIG. 1B is a representation of another form ofa prior 

art hot gas machine. 
FIG. 2 is a schematic representation of a hot gas ma 

chine in accordance with the present invention. 
FIG. 3 is a representation of one form of a hot gas 

machine in accordance with the present invention. 
FIG. 4 is a representation of a second form of a hot 

gas machine in accordance with the present invention. 
FIG. 5 is a pressure volume diagram relating to the 

working ?uid of the present invention. 
FIG. 6 is a diagram showing the temperature relation 

ships of the external ?uid and working ?uid at various 
cycle stations. 
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an introductory discussion of and comparison with 
prior art hot gas machines, and schematic representa~ 
tions of such prior art machines are shown in FIGS. 1A 
and 1B. In discussing both the prior art and the present 
invention, these hot gas machines will be discussed in 
their engine con?gurations. However, it will be under 
stood and appreciated by those skilled in the art that 
these machines can be operated in heat pump or refrig 
erating modes in accordance with modi?cations and 
techniques well known in the art. 

Referring to the prior art hot gas machine shown in 
FIG. 1A, a typical Stirling configuration is shown 
wherein the engine housing II] has an expansion space 
12 (also known as a hot space) and a compression 
space 14 (also known as a cold space) separated by a 
movable displacer piston 16. A working piston 18 at 
the bottom of the compression space is connected to a 
crankshaft 20 for power output in the engine mode (the 
crankshaft being for power input in other modes). A 
duct 22 extends between and connects the expansion 
space 12 and the compression space 14 to allow for 
transfer of a working ?uid back and forth between the 
expansion and compression spaces. The working ?uid 
may be hydrogen or helium or any other known suit 
able working ?uid. 
Duct 22 contains a cross-?ow heat exchanger 24 

which is associated with expansion space 12, a cross 
?ow heat exchanger 26 which is associated with com 
pression space 14 and a regenerator 28. The working 
?uid passes through both heat exchangers 24 and 26 
and regenerator 28 each time it ?ows from one of the 
chambers 12 and I4 to the other. An external heat 
transfer ?uid, most typically air, is delivered at an ele 
vated temperature to cross-?ow heat exchanger 24 to 
add heat to the system. As shown in FIG. 1A, the typi 
cal arrangement includes a preheater 30 where the air, 
the ?ow direction of which is indicated by the arrows, 
is preheated and then delivered to a combustion cham 
ber 32 where the temperature is elevated to a desired 
level by the burning of a fuel prior to delivery to heat 
exchanger 24. After passing through the heat ex 
changer 24, the air then ?ows to preheater 30 where it 
is used to preheat the incoming air and is then dis~ 
charged to ambient. This prior art system also incorpo 
rates a second external transfer ?uid, which may be 
water or some other suitable liquid, which flows 
through cross~?ow heat exchanger 26 to cool the work 
ing ?uid. This second external ?uid is in a closed circuit 
between heat exchanger 26 and a radiator 24 as indi 
cated in the arrows in the ?ow path therebetween, and 
heat is dissipated from the radiator as by the fan indi 
cated schematically. 

Referring to FIG. 18, another form of a typical prior 
art Stirling hot gas engine of the double cylinder, two 
piston type is shown. The engine of FIG. 18 has a pair 
of pistons 16a and 16b instead of the displacement pis 
tons l6 and working piston 18 of FIG. 1A, but the en 
gines are otherwise conceptually actually the same. A 
transfer duct or conduit 22 connects the spaces 12 and 
14, and this duct contains the two cross-?ow heat ex 
changers 24 and 26 and the regenerator 28, the work 
ing ?uid being transferred back and forth between ex 
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pansion and compression spaces 12 and 14 via duct 22. 
As with the FIG. 1A embodiment. there is also a pair 
of external ?uid circuits to provide heating at heat ex 
changer 24 and cooling at heat exchanger 26. 
While the engines of FIGS. 1A and 1B are shown 

only schematically and in simple form. many signi?cant 
complications of these engines are well known in the 
art. The cylinder walls are often used as heating devices 
with resultant complex piping, ?uting and ?nning being 
necessary to achieve efficient heat transfer. Also, many 
present designs have the combustion chamber buried in 
the midst of the cylinder head heat exchangers. These 
complicating configurations for the heat exchangers 
and combustion chambers have been found to be re 
quired in the prior art in order to achieve an engine of 
acceptable efficiency, but these complications lead to 
great expense and present severe problems in mainte 
nance and reliability. 

Referring now to FIG. 2, a general schematic of a hot 
gas machine in accordance with the present invention 
is shown. The engine has an expander 110, a compres 
sor 112, a counter?ow heat exchanger 114 between the 
exit from expander 110 and the entrance to compressor 
112 and another counter?ow heat exchanger 116 be 
tween the exit from compressor 112 and the entrance 
to expander 110. The working ?uid ?ows in a closed 
?uid circuit indicated at 118 in the direction indicated 
by the arrows so that the working ?uid ?ows from heat 
exchanger 116 to expander 110 and then through heat 
exchanger 114 to compressor 112 and then back to 
heat exchanger 116. Check valves 120 and 122 posi~ 
tioned as shown at the exit from the expander and com 
pressor prevent any reverse ?ow in the ?uid surface. 
The working fluid flowing in the closed circuit 118 may 
be hydrogen, helium, or any other suitable ?uid as 
known in the art. 
An external heat transfer ?uid ?ows in a circuit 124 

in the direction indicated by the arrows to heat and 
cool the working ?uid as required. The external trans 
fer ?uid is drawn from a cold source or space 126 
which. typically, would simply be the ambient atmo 
sphere. The external ?uid ?ows from the cold space or 
source to heat exchanger 114 wherein it is in counter 
?ow heat exchange with the working ?uid after dis 
charge from the expander. The heat exchange occur 
ring in exchanger 114 results in a cooling of the work 
ing fluid in circuit 118 and a preheating of the external 
?uid in circuit 124. The external ?uid then ?ows to a 
hot space or heat source 128 which, typically, would be 
a combustion chamber to which fuel is supplied for 
combustion with the external ?uid. The heated external 
?uid then ?ows to heat exchanger 116 wherein it is in 
counter?ow heat exchange with the working ?uid in 
circuit 118. The heat exchange in exchanger 116 re 
sults in a signi?cant increase in the temperature of the 
working ?uid and a corresponding decrease in the tem 
perature of the external ?uid. The external ?uid is then 
discharged to the cold space, which, as previously indi 
cated, may be the atmosphere. 
While the cycle with respect to the external ?uid is 

taking place as described above, the working ?uid is 
undergoing a cycle of heating, expansion, cooling and 
compression to perform its work function. The working 
?uid is heated in counter?ow heat exchanger 116 and 
is then delivered to expander 110 where it is expanded 
and performs work. The working ?uid then ?ows 
through counter?ow heat exchanger 114 where it is 
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6 
cooled and gives up heat to the external ?uid for the 
preheating thereof. The working ?uid then ?ows to 
compressor 112 where work is done on it to compress 
it, and the ?uid is then delivered to heat exchanger 116 
to absorb heat from the higher temperature external 
?uid ?owing through the heat exchanger. 

It will be understood that the machine shown in FIG. 
2 is intended to be a general schematic of the present 
invention and has been described in relation to opera 
tion in an engine mode. If the machine were to be oper 
ated as a heat pump or refrigerator, space 126 would 
be a hot space and space 128 would be a cold space. 
Furthermore, it will be understood that the hot space 
or heat source 128 may be any suitable source of heat 
and the cold space 126 may be any suitable low tem 
perature sink. External ?uid circuit 124 could, if de 
sired, be a closed circuit, but it is generally contem 
plated that it will be an open circuit in the sense that 
the cold space would simply be the atmosphere from 
which the external ?uid would be drawn and to which 
the external ?uid would be exhausted from heat ex 
changer 116. The compressor and expander have also 
been schematically indicated in FIG. 2. The expander 
compressor mechanisms could be selected from a vari 
ety of such mechanisms such as phased pistons operat 
ing on a Stirling cycle, axial or radial turbines operating 
on a Brayton cycle, vane pumps operating on a Brayton 
cycle or Wankel rotors operating on a Stirling cycle. 
Referring now to FIG. 3, an engine of the general 

configuration of FIG. 1A is shown incorporating the 
present invention. In the FlG. 3 embodiment the ex 
pander is composed of a displacer piston 130 and ex 
pansion space 132; and the compressor is composed of 
working piston 134 and compression space 136. Both 
the expander and the compressor are, of course. con 
tained within housing 138, and the working ?uid is de 
livered to the spaces 132 and 136 for expansion and 
compression. 
As with the general schematic of FIG. 2, the working 

?uid ?ows in circuit 118 and absorbs heat in passing 
through counter?ow heat exchanger 116, is delivered 
to space 132 for expansion against displacer piston 
130, then ?ows to heat exchanger 114 where it is 
cooled and serves to preheat the external ?uid, and is 
then delivered to space 136 for compression between 
displacer piston 130 and working piston 134, and is 
then delivered back to heat exchanger 116 to complete 
the cycle. coincidentally, the external ?uid, such as air, 
is delivered via a pump 140 to heat exchanger 114 
wherein it is preheated, is then delivered to combustion 
chamber 128 (i.e., hot space) where it is signi?cantly 
raised in temperature, and it is then delivered to heat 
exchanger 116 for heat transfer to the working ?uid, 
and thence to exhaust. Work is extracted from the os 
cillatory motion of working piston 134 which drives a 
crankshaft. 
Referring now to FIG. 4, a hot gas machine incorpo 

rating the present invention and similar to the con?gu 
ration of FIG. 1B is shown. In FIG. 4, the engine hous 
ing 138 houses the expander which consists of a piston 
130' and expansion space 132 and a compressor which 
consists of piston 134’ and cold space 136. The pistons 
130 and 134 have been indicated with a prime super 
script since they are more appropriately both consid 
ered to be working pistons rather than a displacer and 
working piston pair. The working ?uid flows in circuit 
118 from counter?ow heat exchanger 116, in which the 
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working ?uid is heated, to expansion space 132 of the 
expander, and thence through the check valve 120 to 
heat exchanger [14 wherein it is cooled and preheats 
the external ?uid, and then to the cold space 136 of the 
compressor, and then through the check valve 122 
back to heat exchanger 116. Coincidentally, air for the 
external ?uid is drawn through pump 140 and delivered 
via ?uid circuit 124 to heat exchanger 114 wherein it 
is preheated, and is then delivered to the combustion 
chamber 128 to be heated and thence to heat ex 
changer ll6 where it heats the working ?uid, and 
thence to exhaust. The exhaust path may include a tur 
bine 142 connected to drive the intake pump 140. 
Work is extracted from the engine at shaft 144. 
As has been indicated above, the hot gas machine of 

the present invention is truly reversible. lf heat is the 
input, work is the output. Conversely, if work is the in 
put, heat will be moved from one level to another and 
in this mode the machine will either be a heat pump or 
a refrigerator. Regardless of the mode of operation, it 
will be observed that the engine is significantly simpli 
?ed over prior art hot gas engines in that the complica 
tion of the regenerator as well as a cooling radiator and 
a separate preheater are eliminated. The present en» 
gine requires only the pair of counter?ow heat ex 
changers. a heat source and a cold source. 
Referring now to FIG. 5, a pressure-volume diagram 

of the working ?uid through one complete cycle is 
shown. Points in the cycle are labeled 1, 2, 3 and 4, and 
these cycle points are noted by the same numerical des 
ignations in FIGS. 2, 3 and 4. Starting at point I, which 
corresponds to the condition of the working gas after 
having passed through heat exchanger M6, the work 
ing ?uid is at its highest pressure and temperature. The 
working ?uid then expands between points 1 and 2 
doing work in the process, point 2 corresponding to the 
state of the gas after having passed through the expan 
der. From 2 to 3 the gas is cooled without a change in 
volume, and no work is done, point 3 corresponding to 
the state of the gas after having passed through heat ex 
changer "4. From 3 to 4 the working gas is com 
pressed, requiring work, state 4 corresponding to the 
state of the gas after having passed through the com 
pressor. From 4 to l the gas is heated without a change 
in volume, and once again, no work is required. 
Referring now to FIG. 6, a diagram is presented of 

the working ?uid and the external ?uid on a plot of 
temperatures against stations in the cycle. The working 
?uid is in the solid line, and the external ?uid is in the 
dashed line. The diagram illustrates that the working 
?uid is in a closed path while the external ?uid is in a 
path open to atmosphere between exhaust and intake 
at stations 4 and 3. The locations in the cycle where 
heat exchange and combustion take place are also indi» 
cated. The arrows parallel~to the working ?uid line and 
the external ?uid line represent flow direction and 
show a most important feature of the invention in that 
the ?uids are in ideal counter?ow heat exchange, with 
one heating and the other cooling, whenever they are 
in communication. 

Still referring in part to FIG. 6, the pressure and vol 
ume of the external ?uid are relatively unimportant be 
cause the external ?uid is isolated from the working 
?uid by the heat exchangers. The external ?uid enters 
heat exchanger 114 at 3 and gains heat until it exits at 
2. The temperature gain from 2 to l is a step change as 
fuel is burned in the combustion chamber. The external 
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gas then exits through heat exchanger 116 at stage 4. 
This exiting of the external ?uid at stage 4 is a most sig 
ni?cant feature in the analysis of the present invention. 
It shows that while the engine itself is actually working 
between the temperature at l and 3. a signi?cantly 
higher temperature than at 4, the exhaust will be at the 
much lower temperature at 4. This determines the max 
imum amount of heat that can be extracted from the 
fuel, and it also shows that extreme compression ratios, 
which would cause a large temperature difference be 
tween points 3 and 4, would not be desirable in this 
type of engine since that would result in a higher tem 
perature exhaust; too low a compression ratio would, 
on the other hand, extract too little work each cycle 
and would result in a low power to weight ratio for the 
engine. The signi?cant fact is, however, that the engine 
can operate at the high temperatures existing between 
1 and 3 while the external ?uid can be exhausted, with 
out supplemental cooling, at the much lower tempera 
ture at point 4. 

In addition to eliminating the complexity of the re 
generator in prior art engines, the elimination of the 
need for supplemental cooling of the external ?uid is 
signi?cant. This is especially so when considering appli 
cations such as automotive applications where an air 
cooled engine is a de?nite advantage. The present in 
vention also introduces signi?cant simpli?cations in 
that the combustion chamber need not be as intimately 
connected with the hot end of the engine as the prior 
art, and more attention may be given to complete fuel 
combustion, a particularly important consideration 
from an environmental standpoint. Furthermore, the 
counter?ow heat exchangers may be separated some 
what from the cylinders and so may be constructed in 
a convenient shape and placed in a convenient loca 
tion. Thus, attention can be given to constructing a 
heat exchanger of optimum performance rather than 
one whose shape is dictated by its required location. 
While the working ?uid must go through the basic heat 
ing-expansion-cooling-compression cycle of the Stir 
ling cycle, the transfer ?uid only has to satisfy the tem 
perature requirements in the two heat exchangers. 
Also, the use of two paths through the heat exchangers 
prevents the gas from being recooled after the com 
pression stroke and reheated after the expansion 
stroke, thus eliminating another objection of the prior 
art. 
While a preferred embodiment has been shown and 

described, various modifications and substitutions can 
be made thereto without departing from the spirit and 
scope of the invention. Accordingly, the present inven 
tion has been described by way of illustration and not 
limitation. 
What is claimed is: 
l. A cyclically operating hot gas machine including: 
a working ?uid; 
expander means for cyclic expansion of said working 

?uid, said expander means having an expansion 
space with a ?uid inlet and a ?uid outlet and oper 
ating means in said expansion space for cyclic ex 
pansion of said working ?uid; 

compressor means for cyclic compression of said 
working ?uid, said compressor means having a 
compression space with a ?uid inlet and a ?uid out 
let and operating means in said compression space 
for cyclic compression of said working ?uid; 
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first ?uid circuit means in said hot‘gas machine, said 
?rst ?uid circuit means being a closed circuit con 
taining said working ?uid. said expansion space 
and said compression space being in said closed 
?uid circuit, a ?rst part of said closed ?uid circuit 
extending from the outlet of said expansion space 
to the inlet of said compressionv space, and a second 
part of said closed ?uid circuit extending from the 
outlet of said compression space to the inlet of said 
expansion space; 

first counter?ow heat exchanger means in said ?rst 
part of said closed ?uid circuit; 

second counter?ow ,heat exchanger means in said 
second part of said closed ?uid circuit; 

second ?uid circuit means in said hot gas machine, 
said second ?uid circuit means being connected in 
series to each of said ?rst and second counter?ow 
heat exchanger means and having a heat exchange 
fluid ?owing therein, the direction of ?ow of said 
heat exchange ?uid in said second ?uid circuit 
means and said working ?uid in said ?rst ?uid cir 
cuit means being opposite to provide counter?ow 
heat exchange between said ?uids; 

heat source means in said second ?uid circuit means; 
cold source means in said second ?uid circuit means; 
one of said heat or cold source means being in said 
second ?uid circuit means between said ?rst and 
second counter?ow heat exchangers; 

said expander means and said compressor means co 
operating during one part of the operating cycle of 
the hot gas machine to transfer working ?uid from 
one of said expansion and compression spaces to 
the other of said spaces through one of said coun 
ter?ow heat exchangers whereby heat is trans 
ferred from said heat exchange ?uid to said work 
ing ?uid to increase the pressure ‘of said working 
?uid at substantially constant volume of said work 
ing ?uid, and said expander means and said com 
pressor means cooperating during another part of 
the operating cycle of the hot gas machine to trans 
fer working ?uid from the other of said expansion 
and compression spaces to said one of said spaces 
through the other of said counter?ow heat ex 
changers whereby heat is transferred from said 
working ?uid to said heat exchange ?uid to reduce 
the pressure of said working ?uid at a substantially 
constant volume of said working ?uid; and 

check valve means in each of said first and second 
parts of said ?rst ?uid circuit to permit ?uid to ?ow 
only in one direction serially through said parts of 
said ?rst ?uid circuit to limit the direction of ?ow 
of said working ?uid in said ?rst ?uid circuit to the 
direction required to effect counter?ow heat ex 
change between said working ?uid and said heat 
exchange ?uid in said ?rst and second counter?ow 
heat exchangers. 

2. A hot gas machine as in claim 1 wherein: 
said second ?uid circuit is an open circuit, and the 
other of said heat or cold source means includes 
means open to the atmosphere. 

3. A hot gas machine as in claim 2 wherein: 
said cold source means is means communicating with 

the atmosphere. 
4. A hot gas machine as in claim 1 wherein: 
said heat source means includes combustion cham 

ber means between said heat exchangers. 
5. A hot gas machine as in claim I wherein: 
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the temperature of ?uid in said ?rst ?uid circuit in 
one of said heat exchangers is greater than the tem 
perature of ?uid in said second ?uid circuit in said 
one heat exchanger whereby heat is transferred by 
counter?ow heat exchange in said one heat ex 
changer from said ?rst fluid circuit to said second 
?uid circuit; and ' 

the temperature of ?uid in said ?rst ?uid circuit in 
the other of said heat exchangers is less than the 
temperature of ?uid in said second ?uid circuit in 
said other heat exchanger whereby heat is trans 
ferred by counter?ow heat exchange in said other 
heat exchanger from said second ?uid circuit to 
said ?rst ?uid circuit. 

6. A hot gas machine as in claim 1 wherein said check 
valve means includes: 
check valve means in said closed ?uid circuit down 
stream of the outlet of each of said expansion and 
compression spaces in the direction of ?uid ?ow in 
said circuit. 

7. A hot gas machine as in claim 1 wherein: 
said heat source means in said second ?uid circuit is 
between said ?rst and second heat exchangers in 
the direction of ?ow of ?uid in said second ?uid 
circuit. 

8. A method of operating a hot gas machine including 
the steps of: 

circulating a working ?uid in a ?rst closed circuit in 
a working cycle which includes serially: 

cyclically expanding the working ?uid in cyclically 
operating expander means; 

passing the working ?uid through a ?rst counter?ow 
heat exchanger by cooperating action of said ex 
pander and a compressor means; 

cyclically compressing the working ?uid in cyclically 
operating compressor means; and 

passing the working ?uid through a second counter 
?ow heat exchanger by cooperating action of said 
expander and compressor means; 

circulating a heat transfer ?uid in a second ?uid cir 
cuit in a cycle which includes: 

passing said heat transfer ?uid from a heat source to 
a cold source, said heat transfer ?uid being passed 
through one of said counter?ow heat exchangers in 
passing from said heat source to said cold source to 
increase the pressure of said working ?uid at a sub 
stantially constant volume of said working ?uid; 
and 

passing said heat transfer ?uid from a cold source to 
a heat source, said heat transfer ?uid being passed 
through the other of said counter?ow heat ex 
changers in passing from said cold source to said 
heat source to reduce the pressure of said working 
?uid at a substantially constant volume of said 
working ?uid; 

said working ?uid and said heat transfer ?uid being 
in counter?ow heat exchange in each of said ?rst 
and second heat exchangers to cool said working 
?uid and heat said heat transfer ?uid in said other 
of said heat exchangers and heat said working ?uid 
and cool said heat transfer ?uid in said one of said 
heat exchangers; 

reducing the temperature of said heat transfer ?uid 
at said cold source; 

increasing the temperature of said heat transfer ?uid 
at said heat source; and 
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limiting the direction of ?ow of said working ?uid to 
a chosen direction in said first closed circuit. 

9. The method as in claim 8 wherein: 
the step of circulating a heat transfer ?uid in a second 
?uid circuit includes circulating said heat transfer 
fluid in a circuit open to the atmosphere at one of 
said heat or cold sources. 

10. The method as in claim 8 wherein: 
the step of reducing the temperature of the heat 

transfer ?uid includes exhausting said heat transfer 

5 

?uid to atmosphere at said cold source and taking ~ 
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12 
in ?uid from atmosphere at said cold source. 

11. The method as in claim 8 wherein: 
the step of increasing the temperature of said heat 

transfer ?uid includes heating said heat transfer 
?uid in a combustion chamber. 

12. The method as in claim 8 wherein: 
the step of increasing the temperature of said heat 

transfer fluid includes heating said heat transfer 
?uid at a station in said second ?uid circuit be 
tween said heat exchangers. 

* i! 1* =l= * 


