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The invention relates to a hot-gas reciprocating ma 
chine, particularly a cold-gas refrigerator, comprising one 
or more compression spaces of variable volume, com 
municating with one or more expansion spaces also of 
variable volume, said spaces having, in operation of the 
machine, different mean temperatures, whilst the connec 
tion between the spaces includes regenerators, through 
which a medium can flow to and fro between the said 
Spaces, whilst the machine comprises piston-like bodies 
adapted to move with a phase difference for varying the 
Volumes of the expansion space and of the compression 
space, said piston-like bodies being coupled with a driving 
gear. 

In the scope of the present invention the term “hot-gas 
reciprocating machine' is to denote not only a hot-gas 
engine but also a cold-gas refrigerator and a heat pump 
operating on the reverse hot-gas engine principle. For 
the sake of simplicity the unit in which the thermo 
dynamic cycle is performed is termed hereinafter the cool 
ing unit. 

in known machines of the kind set forth the piston-like 
bodies varying the volumes of the compression space and 
of the expansion space are connected via piston rods, 
connecting rods, yokes, toothed wheels and the like with 
the driving gear. The construction of the driving gear 
with these machines is further complicated by the require 
ment that for a satisfactory operation of said machine the 
movements of the piston-like bodies should have a phase 
difference of about 90. Hitherto this brought about 
complicated structures with many points of rotation Sub 
jected to wear, all of these structures comprising a great 
number of the aforesaid component parts. 

In order to mitigate these disadvantages it has been 
proposed to establish the coupling between the driving 
gear and the piston-like bodies by means of fiuid columns. 
movable in ducts, so that power can be transferred by said 
fluid columns from the driving gear to the relevant piston 
like bodies and/or conversely. The term "coupling' is 
to be understood in this connection to mean not only a 
fixed connection between the pistons and the driving gear 
but also a member which controls the movement of the 
pistons in accordance with the movement of the driving 
gear or conversely. In this way a simple coupling be 
tween the driving gear and the relevant pistons is obtained. 
The invention has for its object to provide a further in 

provement of a hot-gas reciprocating machine with the 
coupling described above between the pistons and the 
driving gear and is characterized in that the machine 
comprises at least two pump units, each of which com 
prises a pair of double-acting pistons adapted to recipro 
cate in closed, fiuid-filled cylinders and in that the machine 
comprises furthermore at least two pairs of cooling units, 
each comprising a compression piston, adapted to recipro 
cate in a cylinder, a cooler, a regenerator, a freezer or 
heater and an expansion piston adapted to reciprocate in 
a cylinder, whilst each of the spaces of one pair of cool 
ing units positioned, on the side remote from the working 
space of the expansion pistons associated with said Space, 
communicates with one of the spaces on either side of one 
of the pistons of the first pump unit and each of the Spaces 
positioned, on the side remote from the working space 
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of the compression piston associated with said space, 
communicates with one of the spaces on either side of one 
of the pistons of the second pump unit, whilst each of 
the Spaces of the other pair of cooling units positioned, 
on the side remote from the working space of the ex 
pansion piston associated with said space, communicates 
with one of the spaces on either side of the other piston 
of the Second pump unit and each of the spaces positioned 
on the side remote from the working space of the corn 
pression piston associated with said space, communicates 
with one of the spaces on either side of the other piston 
of the first pump unit. 
An advantage of said machine consists in that with each 

pump unit the spaces on either side of one of the double 
acting pistons communicate with the spaces on the side of 
the compression pistons of a pair of cooling units remote 
from the working space, whereas the spaces on either side 
of the other double-acting piston of said pump unit com 
municate with the spaces on the side remote from the 
working space, of the expansion pistons of the other pair 
of cooling units. It is thus ensured that the variation of 
forces on the pump rod, during the movement of the rod 
in one direction, is substantially identical to the variation 
of forces on the pump rod during the movement of said 
rod in the other direction. As a result the load on the 
driving gear is as uniform as possible. A further advan 
tage of Said arrangement is that the energy released during 
the expansion of the working medium in one pair of cool 
ing units via the fluid columns and one double-acting pis 
ton of a pump unit, is directly transferred to the other 
double-acting piston of said pump unit, said energy being 
again transferred via the fluid columns to the compression 
pistons. The efficiency of the machine is thus extremely 
furthered. 

Although the pump units and the pairs of cooling units 
may be arranged relatively to each other in an arbitrary 
manner, an advantageous and compact construction of a 
hot-gas reciprocating machine is obtained by an arrange 
ment of the units in accordance with the invention, which 
is characterized in that the pump units are pairwise ar 
ranged in a V and are connected with a conmon crank 
shaft, whereas each of the cooling units is arranged sub 
stantially between planes intersecting in the centre line of 
the crank shaft and determined by the centre lines of the 
pump units, and in that in a projection to a plane at right 
angles to the centre line of the crank shaft the centre lines 
of the two pump units and the centre line of each cooling 
unit form a triangle. 
An advantageous embodiment of the hot-gas recipro 

cating machine described above is characterized in accord 
ance with the invention, in that one pair of cooling units is 
arranged between the two pump units so that the spaces 
on the side remote from the working space of the com 
pression pistons associated with said cooling units are 
orientated towards the first pump unit communicating with 
said space, whilst the spaces, on the side of the expansion 
pistons of said cooling units remote from the working 
space, are orientated towards the Second pump unit as 
sociated with said space, whereas the other pair of cooling 
units is arranged between the two pump units so that the 
spaces on the side of the compression pistons associated 
with said cooling units remote from the working space are 
orientated towards the second pump unit cominunicating 
with said space and the spaces on the side of the expansion 
pistons associated with said cooling units remote from the 
working space are orientated towards the first pump unit 
communicating with said space. Thus a compact struc 
ture of a hot-gas reciprocating machine is obtained, which 
occupies little space and in which only comparatively 
small quantities of fluid are required due to the short lines 
of connection between the fluid-filled spaces in the punp 



3. 
units and the cooling units. It will be obvious that this is 
advantageous on account of the quantities of fluid to be 
displaced in the machine. 
A further compact, advantageous hot-gas reciprocating 

machine embodying the invention is characterized in that 
the pump units are arranged parallel to each other and in 
that with two pump units one pair of cooling units com 
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municating with said pump units is disposed in a plane 
extending parallel to and in front of the plane of the 
pump units, whereas the other pair of cooling units as 
Sociated with said pump units is disposed in a plane ex 
tending parallel to and behind the plane of the pump 
units and the cooling units are arranged in their respec 
tive planes so that, in a projection to the plane of the 
pump units, the centre lines of the cooling units of one 
pair intersect the centre lines of the cooling units of the 
other pair. 
A further advantageous hot-gas reciprocating machine 

embodying the invention has the feature that in each cool 
ing unit each piston is connected with a control-slide, 
which is displaced during the movement of the piston 
associated with it along a wall portion of the fluid-filled 
Spaces on the side remote from the working space in said 
space, whilst in the wall portion controlled by said slide 
at least one fluid inlet and one fluid outlet are provided, 
said openings being arranged so that the fluid inlet duct 
is released, when the piston moves beyond its extreme, pre 
scribed position, whereas the fluid outlet duct is released, 
when the piston occupies its deepest position in the cool 
ing unit. 

By using the control-slide according to the invention 
structurally simple means ensure that the extreme posi 
tions of the pistons are always the same. This has the 
advantage that the pistons cannot come into contact with 
the cylinder boundaries, which might give rise to break 
age, whilst, in addition, since the extreme positions are 
fixed, the volume variations of the working spaces are 
the same, so that also the pressure variation in said spaces 
does not change. - 
An advantageous hot-gas reciprocating machine em 

bodying the invention is characterized in that the cylinder 
of each cooling unit, in which a piston is adapted to 
nove, terminates in a further cylindrical part, in which 
the piston-like control-slide is adapted to move, whilst 
the machine comprises one or more ducts establishing 
a communication between the spaces on either side of 
the control-slide, whilst the fluid inlet duct and the fluid 
outlet duct join the wall of the further cylindrical part. 

in order to start the hot-gas reciprocating machine 
according to the invention the pistons must occupy given 
positions in the cooling units, which positions corre 
spond with the pistons of the pistons of the pump units 
at the instant concerned. In order to move the piston 
like bodies into the correct positions, the hot-gas reci 
procating machine according to the invention has the 
feature that each of the fluid-filled spaces in each cool 
ing unit communicates with a further fluid-supply duct, 
the passage of which is blocked during the operation of 
the machine, whereas at the position of the control-slide 
the opens out a further fluid-outlet duct, the passage of 
which can be released when the machine is prepared 
for a start, whilst the openings of the fluid-outlet ducts 
are disposed so that they are free when the relevant pis 
ton occupies its starting position. 

In order to move the pump pistons into their starting 
positions which correspond, as a matter of course, with 
the aforesaid starting positions of the pistons of the 
cooling units, the hot-gas reciprocating machine accord 
ing to the invention is characterized in that the intercon 
nected pistons of each of the pump units are further 
more connected with a further piston-like body located 
in line with their centre line, said body being adapted to 
reciprocate in a closed cylinder, whilst in the space above 
said piston-like body there opens a fluid-inlet duct, by 
Which compressed fluid can be inserted into said space, 

4. 
so that the pistons of the pump units occupy their start 
ing positions. . . 
A further advantageous hot-gas reciprocating machine 

embodying the invention is characterized in that the 
machine comprises a pump device, the pump duct of 
which can be caused to communicate by way of a control 
member with the various fluid-supply ducts of the ma 
chine, whilst there is furthermore provided a fluid con 
tainer, with which can communicate fluid-outlet ducts 
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of the machine. via a control-member. x - 
The invention will be described more fully with ref 

erence to the drawing, which is given by way of example. 
FIGS. 1, 2 and 3 show partly in a sectional view and in 

three orthognal elevations a hot-gas reciprocating 
machine formed by a cold-gas refrigerator. FIG. 4 
shows diagrammatically a gold-gas refrigerator with the 
associated control-device, whilst for clarity only one pair 
of cooling units is shown. - 
FIGS. 5 and 6 show diagrammatically two differen 

views of a gold-gas refrigerator, in which the pump units 
are arranged parallel to each other. 

Referring to FIGS. 1, 2 and 3, reference numeral 
designates a crank casing, on which the pump units I 
and II are arranged in a V. The machine comprises 
furthermore two pairs of cooling units A, A and B1, 
B2, which communicate by ducts with the pump units. 
The pump units I and II comprise each a housing 

constructed from two portions 2 and 3. In the portion 
2 the partitions 4 and 5 form a closed space, which is 
Subdivided by the partition 6, the cylinder 7 and the 
movable piston 8 into two spaces 9 and 10. In the 
portion 3 a closed space is formed, which is subdivided 
by the partition 11, the cylinder 12 and the piston 13, 
movable in the former, into the separated spaces 4 and 
15. With the portion 3 communicates a further cylindri 
cal portion 16, in which the end 77 of the pump rod 17. 
with the pistons 8 and 13 is adapted to reciprocate. In 
the cylindrical portion 16 opens out a supply duct 18. 
The pump rod 17 is connected via a crank driving mech 
anism housed in the crank casing 1 with the crank shaft 
19, which is coupled in turn with an engine 9, 
The cooling units A1, A2 and B1, B, comprise each a 

cylinder 20, in which the expansion piston 21 is adapted 
to reciprocate. Each cooling unit comprises furthermore 
a freezer 22, a regenerator 23, a cooler 24 and a cylinder 
25, in which the compression piston 26 is adapted to re 
ciprocate. End plates 27, 28 are interconnected by rods 
29. These rods 29 are so constructed as to absorb the 
forces on the cooling units. 
The space 30, on the side of the expansion piston 21 

remote from the working space, is filled with fluid and 
the Space 31 on the side of the compression piston 25 
remote from the working space is also filled with fluid. 
The Space 31 of each of the cooling units A and A 
communicates via duct 32 with the space 14 of the pump 
unit I, whereas the space 3 of the cooling unit. A com 
municates via a duct 33 with the space 15 of the pump 
unit I. The space 36 of the cooling unit A communicates 
by Way of a duct 34 with the space 10 of the pump unit 
II, whereas the space 30 of the cooling unit A commu 
nicates via a duct 35 with the space 9 of the pump unit 
II. It will appear therefrom that, whereas the ducts 32 
and 33 are parallel to each other, the ducts 34 and 35. 
cross each other. The purpose thereof is to obtain the 
desired phase difference between the compression pis 
tons and the expansion pistons of the cooling units con 
cerned. - 

The relevant, fluid-filled spaces of the pair of cooling 
units B communicate in a similar manner with the spaces 
of the pump units, the arrangement of said cooling units 
being, however, such that the fluid-filled spaces 3i are: 
orientated towards the pump unit II, whereas the fluid 
filled spaces 30 are orientated towards the pump unit 
I. The space 31 of the cooling unit B communicates via 
a duct 36 with the space 4 of the pump unit II and the 
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space 31 of the cooling unit B communicates via a duct 
37 with the space 15 of the pump unit II. The ducts 36 
and 37 are again parallel to each other. The space 30 
of the cooling unit B1 communicates via a duct 38 with 
the space 9 of the pump unit I and the space 30 of the 
cooling unit B2 communicates via a duct 39 with the space 
10 of the pump unit I. From the drawing it will be seen 
that the ducts 38 and 39 are also parallel to each other. 
The cooling units A1, A2, B2, B1 are furthermore pro 

vided with a supply duct 46 and an outlet duct 41 for 
cooling water. It will be apparent that, if desired, two 
or more coolers may be interconnected, so that they are 
traversed in series by the coolant. 
The freezers 22 of each cooling unit are all provided 

with an inlet 43 and an outlet 44 for the medium to be 
cooled. Also the freezers may, if desired, be intercori 
nected so that they are traversed in series by the medium 
to be cooled. 
The regenerator 23, the freezer 22 and adjacent parts 

of each cooling unit are surrounded by insulating material 
46. The cooling units are furthermore provided, for rein 
forcing the structure, with plates 47, accommodating the 
cooling units pairwise and being secured to supports 48, 
which are connected with the crank casing . 
The compression pistons 26 and the expansion pistons 

21 of all cooling units are provided with a piston rod 49. 
Each of these piston rods 49 supports a plunger-shaped 
control-slide 50, which is movable in a cylindrical portion 
5, which is in open communication at one end with the 
connecting duct concerned between the fluid spaces in the 
cooling units and the fluid spaces in the pump units. The 
other side of the cylindrical portion 51 communicates 
through a duct 52 also freely with the said connecting duct. 
With the cylindrical portion 51 communicates a fluid 
outlet duct 53. The opening of the fluid-outlet duct 53 
in the portion 51 is disposed so that it can be released by 
the control-slide 50, when the relevant piston connected 
with said slide occupies its deepest position in the cooling 
unit. With the cylindrical portion 5A communicates fur 
thermore a fluid-inlet duct S4, the opening of which in the 
cylindrical portion 51 is disposed so that it is released 
when the piston concerned passes beyond its outer 
most, prescribed position. With the cylindrical portion 
51 communicate a further fluid-supply duct 55 and a fur 
ther fluid-outlet duct 56, the passages of which are blocked 
in the operational condition of the machine. 
The operation of the machine will now be described 

with reference to FIG. 4, in which the hot-gas reciprocat 
ing machine of FIGS. 1, 2 and 3 is shown diagrammati 
cally. Corresponding structural parts are designated in 
FIG. 4 by the same references as in FiGS. 1, 2 and 3. It 
should furthermore be noted that for the sake of clarity 
only one pair of cooling units i.e. A and A2 is shown in 
FIG. 4, the various pistons being shown in their positions 
occupied when the machine is started. 
The control-member not shown in FIGS. 1, 2 and 3 

comprises, as is shown in FIG. 4, a control-slide 57, by 
means of which a number of ports can be closed or re 
leased. The control-slide 57 is connected by a rod 58 
with a ring 59, in which an eccentric disc 60, seated on a 
shaft 61, is adapted to turn. The shaft 6i is provided with 
a hand wheel 62. The machine comprises furthermore 
an oil pump 63, the pump duct of which opens out in a 
buffer space 64. The oil suction duct 65 opens out in 
the reservoir 66. By means of an automatic control-valve 
67 the pressure in the buffer space is kept constant. 
The machine operates as follows: 
In order to start the machine the hand wheel 62 moves 

via the eccentric disc 60 the control-slide 57 into a posi 
tion in which the port 68 is open. The control-slide 57 
is arranged so that, when the port 68 is open, also the 
ports 69 and 70 are free. In this position of the slide 57 
also the ports 74 and 72 are free. Thus in this position 
of the slide 57 oil can flow out of the buffer space 64 via 
the duct 73 through the port 71 towards the ports 69 and 
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6 
through the latter into the oil inlet ducts 55. Thus com 
pressed oil arrives via the ducts 52 in the spaces 3; and 
30 of the cooling units, so that each of the pistons 26 and 
21 are urged into their cooling units. When the control 
slide 50 occupies a position in which the openings 74 of 
the fluid-outlet ducts 56 are free, the fluid can flow via 
the ports 70 and the port 75 into the fluid-outlet duct 76. 
The duct 76 opens out in the reservoir $6. Thus the 

pistons 21 and 25 are prevented from penetrating further 
into the cooling units. They then occupy their starting 
positions. At the same time oil can flow out of the buffer 
space 64 through the duct 73 and the ports 72 and 68 
into the duct 8. Consequently, compressed oil is intro 
duced into the space 16 of the pump units. Thus the por 
tion 77 of the pump rod 47 is subjected to pressure in the 
direction of the crank shaft, so that the pistons of the 
pump units are compelled to occupy the positions shown 
in FIG. 4. If, after the pistons of each pump unit have 
taken up their aforesaid positions, a further quantity of 
oil is supplied to the space 16, the valve 78 is opened dur 
ing the pressure increase of the oil, so that oil flows out of 
the space 16 via the duct 79 towards the reservoir 66. The 
machine is then ready for starting. 

For starting the machine first the hand wheel 62 is 
actuated so that the control-slide 57 closes the ports 68, 
69, 70, 71, 72 and 75. Then the motor driving the 
crank shaft 19 is caused to rotate. The pump pistons 8 
and 13 are also set moving so that the fluid columns 
cause the pistons 21 and 26 of the cooling units to move. 
When the machine starts, the working spaces of the two 
cooling units of each pair communicate via a connecting 
duct 80, including a variable valve 8, freely with each 
other, so that the machine starts without load. After 
wards, in accordance with the speed of the crank shaft, 
the control-valve 8 in the connecting duct 80 is closed, 
so that the machine starts producing cold according to 
the Sterling cycle. 
The fluid leaking out of the system results in that the 

pistons 21 and 26 are urged excessively outwardly by 
the gas pressure in the working space. This is avoided 
by providing in the portion 51 accommodating the con 
trol-slide 50 a port 83, which is released, when the rele 
vant piston passes beyond its extreme, prescribed posi 
tion. The port 83 communicates with the fluid supply 
duct 54, so that fluid can flow from the fluid pump into 
the space 31 or 36, when the control-slide 50 releases the 
port 83. Thus, the stroke of the piston concerned is lim 
ited on the outer side and the fiuid leaking away dur 
ing the stroke is recovered. 

If for some reason the pistons 2 or 26 of the cooling 
units should penetrate too far into the cooling units, the 
control-slide 58 releases a port 82, so that fluid can flow 
via the ducts 53 towards the reservoir 66. Thus the pres 
sure in the spaces 39 or 33 cannot rise further, so that 
the piston concerned 22 or 26 will not further pene 

The extreme inner positions 
of the pistons 21 and 26 are thus fixed. 
The seal between the compression pistons and the ex 

pansion pistons and the surrounding cylinders in the 
cooling units is formed by rolling diaphragms 84. In 
order to keep the desired pressure difference constant 
with each of these rolling diaphragms, there are pro 
vided control members 85. Each of these control-mem 
bers comprises a cylinder 85, in which a plunger 87 is 
adapted to reciprocate. The space 88 on one side of 
the plunger 87 communicates via a duct 89 with the 
space 90 beneath the rolling diaphragm 84. The fluid 
filled space 31, on the side of the piston 26, remote from 
the working space, communicates via a duct 9, with 
cylinder 86. The ducts 89 and 91 include helices 92, 
which ensure that rapid pressure variations in the Spaces 
90 and 31 are damped, so that they do not occur in the 
cylinder 86. With the cylinder 86 communicates further 
more a fluid outlet duct 93 and there is provided a helix 
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94, by which the desired pressure difference on the 
plunger 87 is adjusted. 
The control-member 85 operates as follows. The in 

tention is to maintain a constant pressure difference on 
the rolling diaphragm 85, i.e. between the working space 
and the space 90 beneath the rolling diaphragm. Since 
the pressure of the gas in the working space and the 
pressure of the fluid in the space 31 are substantially equal 
to each other, it is sufficient to maintain a constant pres 
sure difference between the spaces 31 and 90. 
The piston 26 travels with a fair amount of clearance 

in its cylinder so that, since the pressure in the space 31 
exceeds the pressure in the space 90, fluid flows towards 
the space 90. If no further steps were taken, the pres 
sures in the spaces 31 and 90 would soon become equal 
to each other. However, the fluid fed to the space 90 
now flows via the duct 89 to the space 88 in the cylinder 
86. The helix 94 is chosen so that with the correct pres 
sure difference the plunger 87 partly releases the open 
ing of the duct 93. Thus the fluid fed to the space 88 
can flow via the duct 93 out of said space. 

It is thus achieved that the fluid in the space 90 is 
constantly replaced by freshly supplied fluid. This has 

O 
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20 

the advantage that the gas diffusing across the rolling 
diaphragm is removed from the space 90 with the fluid 
conducted away. 

If for some reason the equilibrium in the pressure 
difference between the spaces 90 and 31 is disturbed, the 
following occurs. If the pressure in the working space 
97, and hence also in the space 31 increases beyond the 
value corresponding to the desired pressure difference, 
said pressure will be imparted via the duct 91 and the 
slot between the plunger 87 and the cylinder 86 to the 
space 96. Thus the energy equilibrium on the plunger 
87 is disturbed. The plunger 87 moves to the left, so that 
the duct 93 is closed to a greater extent. Consequently, 
a smaller quantity of fluid can flow away from the spaces 
90 and 88, so that the pressure in said spaces increases. 
When the correct pressure difference is restored, the 
plunger 87 re-occupies its initial position and the fluid 
is again permitted to flow. 
The fluid leaking away through the fluid outlet duct 

93, similarly to the fluid leaking away from the device 
in another manner, is replenished during each stroke, 
since the opening 83 of the fluid supply duct 54 is 
released. 
FIG. 4 shows for the sake of clarity only one control 

mechanism 85; however, in practice, all rolling dia 
phragms are provided with such a control-mechanism. 
FIGS. 5 and 6 show diagrammatically a hot-gas re 

ciprocating machine, formed by a cold-gas refrigerator, in 
two elevations; the pump units I and II are arranged 
parallel to each other on a crank casing 0. The pis 
tons of each of these pump units are connected by means 
of piston rods 117, universal joints 158, connecting rods 
159 with cranks 121 and 120 respectively of the crank 
shaft 122 accommodated in the crank casing 101. The 
cranks 120 and 121 are turned through 90° relatively 
to each other in order to obtain the desired phase differ 
ence between the pistons moving in the cooling units. 
The machine comprises again two pairs of cooling units 
A1, A2 and B1 B2 Said cooling units and the pump 
units I and II may be constructed in the same manner 
as the corresponding units described with reference to 
FIGS. 1, 2 and 3. 
From the drawing it will be seen that the cooling units 

A and A2 are located in a plane located in front of the 
plane of the pump units I and II and parallel thereto, 
whereas the cooling units B and B2 are disposed in a 
plane located behind the plane of the pump units. The 
centre lines of the cooling units A1 and A cross the 
centre lines of the cooling units B1 and B2. 
The cooling units A1 and A2 communicate on one side 

via ducts 132 and 133 respectively with the pump unit I 
and on the other side via ducts 34 and 135 respectively 
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3. 
with the pump unit II. The ducts 132, 133 and 134, 
535 extend pairwise parallel to each other. 
The cooling units B1 and B2 communicate on one side 

via ducts 136 and 137 respectively with the pump unit II 
and on the other side via ducts 138 and 139 respectively 
with the pump unit I, whereas the ducts 136 and 137 are 
Substantially parallel to each other and the ducts 138 and 
139 are arranged crosswise. Thus the correct phase dif 
ference between the pistons moving in the various cool 
ing units is obtained. : . 
The advantage of the machine illustrated in FIGS. 5 

and 6 is that the length thereof, i.e. the distance between 
the centre lines of the pump units is small as compared 
with other arrangements of pump units and cooling units. 
This may be useful in places where space is a problem. 

Although the drawing shows only two pump units 
parallel to each other, it will be obvious that the machine 
may be extended with further pump units without any difficulty. 
From the drawing it will also appear that with the 

Construction of a hot-gas reciprocating machine accord 
ing to the invention there is, in practice, a great freedom 
With respect to the arrangement of the various units 
relative to each other. : . . 
Although four cooling units are shown in the drawing, 

it will be obvious that it is possible, without any difficulty, 
if the conditions require it, to omit one or more of the 
cooling units. - . 
What is claimed is: 
1. A hot-gas reciprocating apparatus comprising at least 

two pairs of units in each of which a working medium 
performs a thermodynamic cycle, each unit having a 
compression space of variable volume and an expansion 
Space of variable volume, means connecting said com 
pression Space with said expansion space, said connect 
ing means including a cooler, regenerator and a heat ex 
changer, said Spaces having relatively different mean tem 
peratures, said Working medium adapted to flow alter 
nately in Said spaces and through said cooler, regenera 
tor and heat exchanger, a cylinder housing piston-like 
elements, said piston-like elements being adapted to move 
with a relative phase difference in order to vary the 
volumes of Said compression and expansion spaces, a 
driving gear, said piston-like elements being coupled to 
Said driving gear, at least two pump units, each of said 
pump units comprising two closed, fluid-filled cylinders, 
a pair of double-acting pistons being a compression pis 
ton and an expansion piston adapted to move in said 
fluid-filled cylinders whereas in the first pair of units each 
of the Spaces positioned on the side of the associated ex 
pansion piston remote from said expansion space com 
municates with one of the spaces, on either side of one of 
the pistons of the first pump unit, and each of the spaces 
positioned on the side of the associated compression pis 
ton remote from Said compression space communicates 
With one of the spaces on either side of one of the pistons 
of the Second pump unit, and in that of the second pair 
of units in which the thermo-dynamic cycle is performed 
each of the spaces being positioned on the side of the 
associated expansion piston remote from said expansion 
Space communicates with one of the spaces on either side 
of the other piston of the second pump unit, and each 
of the Spaces positioned on the side of the associated 
compression piston remote from said compression Space 
communicates. With one of the spaces on either side of 
the other piston of said first pump unit. : 

2. A hot-gas reciprocating apparatus as claimed in 
claim i, further comprising a common crank shaft for 
said pump units and wherein the pump units are arranged 
pairwise in the form of a V and are connected with said 
common crank shaft, and in that each of the units in 
which the thermo-dynamic cycle is performed is arranged 
Substantially between planes intersecting the center line 
of the crank shaft and going through the center lines of 
the pump units. So that in a projection to a plane at right 
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angles to the center line of the crank shaft, the center 
lines of the two pump units and the center line of each 
unit in which the thermo-dynamic cycle is performed 
form a triangle. 

3. A hot-gas reciprocating apparatus as claimed in 
claim 1, wherein one pair of units in which the thernho 
dynamic cycle is performed is arranged between the two 
pump units so that the spaces, on the side of compres 
sion pistons remote from said compression space, are 
orientated towards the first pump unit communicating 
with said spaces, while the spaces, on the side of the ex 
pansion pistons remote from said expansion space, are 
orientated towards the second pump unit communicating 
with said spaces and in that the other pair of units in 
which the thermo-dynamic cycle is performed is arranged 
between the two pump units so that the spaces, on the 
side of the compression pistons remote from Said con 
pression space, are orientated towards the second pump 
unit communicating with said spaces, whereas the Spaces, 
on the side of the expansion pistons remote from said 
expansion space, are orientated towards the first pump 
unit communicating with said spaces. 

4. A hot-gas reciprocating apparatus comprising at 
least two pairs of units in which a working medium per 
forms a thermo-dynamic cycle, each unit having a com 
pression space of variable volume and an expansion space 
of variable volume, means connecting said compression 
space with said expansion space, said connecting means 
including a cooler, regenerator and a heat eXchanger, 
said spaces having relatively different mean temperatures, 
said working medium adapted to flow alternately in said 
spaces and through said cooler, regenerator and heat 
exchanger, a cylinder housing piston-like elements, said 
piston-like elements being adapted to move with a relative 
phase difference in order to vary the volumes of said 
compression and expansion spaces, a driving gear, said 
piston-like elements being coupled to said driving gear, 
at least two pump units arranged parallel to each other, 
each of said pump units comprising two closed, fluid 
filled cylinders, a pair of double-acting pistons being a 
compression piston and an expansion piston adapted to 
move in said fluid-filled cylinders whereas in the first 
pair of units each of the spaces positioned on the side 
of the associated expansion piston remote from said ex 
pansion space communicates with one of the spaces on 
either side of one of the pistons of the first pump unit, 
and each of the spaces positioned on the side of the 
associated compression piston remote from said com 
pression space communicates with one of the spaces on 
either side of one of the pistons of the second pump 
unit, and in that of the second pair of units in which 
the thermo-dynamic cycle is performed each of the spaces 
being positioned on the side of the associated expansion 
piston remote from said expansion space communicates 
with one of the spaces on either side of the other piston 
of the second pump unit, and each of the spaces posi 
tioned on the side of the associated compression pis 
tion remote from said compression space communicates 
with one of the spaces on either side of the other piston 
of said first pump unit, one of the pair of units in which 
the thermo-dynamic cycle is performed communicating 
with said pump units being arranged in a plane extend 
ing parallel to and in front of the plane of said pump 
units and the other pair of units in which said thermo 
dynamic cycle is performed communicating with said 
pump units and being arranged in a plane extending 
parallel to and behind the plane of said pump units, 
and said units in which said thermo-dynamic cycle is 
performed being arranged in their respective planes so 
that in a projection through the plane of said pump units 
the center lines of one pair of said units in which said 
thermo-dynamic cycle is performed intersect the center 
lines of said relevant units of the other pair. 

5. A hot-gas reciprocating apparatus comprising at 
least two pairs of units in which a working medium per 
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forms a thermo-dynamic cycle, each unit having a com 
pression space of variable volume and an expansion space 
of variable volume, means connecting said compression 
space with said expansion space, said connecting means 
including a cooler, regenerator and a heat exchanger, said 
spaces having relatively different mean temperatures, said 
working medium adapted to flow alternately in said 
spaces and through said cooler, regenerator and heat ex 
changer, a cylinder housing piston-like elements, said pis 
ton-like elements being adapted to move with a relative 
phase difference in order to vary the volumes of said com 
pression and expansion spaces, a driving gear, said piston 
like elements being coupled to said driving gear, at least 
two pump units arranged parallel to each other, each of 
said pump units comprising two closed, fluid-filled cylin 
ders, a pair of double-acting pistons being a compression 
piston and an expansion piston adapted to move in said 
fluid-filled cylinders whereas in the first pair of units each 
of the Spaces positioned on the side of the associated ex 
pansion piston remote from said expansion space com 
municates with one of the spaces on either side of one of 
the pistons of the first pump unit, and each of the spaces 
positioned on the side of the associated compression pis 
ton remote from said compression space communicates 
With one of the spaces on either side of one of the pistons 
of the Second pump unit, and in that of the second pair 
of units in which the thermo-dynamic cycle is performed 
each of the Spaces being positioned on the side of the as 
Sociated expansion piston remote from said expansion 
Space cominunicates with one of the spaces on either side 
of the other piston of the second pump unit, and each 
of the Spaces positioned on the side of the associated com 
pression piston remote from said compression space com 
municates with one of the spaces on either side of the 
other piston of said first pump unit, plural control slides, 
each piston in each unit in which said thermo-dynamic 
cycle is performed being connected to one of said control 
slides, the latter being displaced upon movement of an 
associated piston along a portion of said fluid-filled space 
on the side of said piston remote from said expansion 
Space, and at least one fluid inlet and at least one fluid 
outlet in Said portion of said fluid-filled space, said inlet 
and outlet openings being so arranged that said inlet is 
opened When the piston passes to its outermost predeter 
mined position and the outlet is opened when the piston 
occupies its innermost predetermined position in said unit 
in which a thermo-dynamic cycle is performed. 

6. A hot-gas reciprocating apparatus as claimed in 
claim 5, wherein each of the pistons adapted to recipro 
cate in the cylinder of each unit in which the thermo 
dynamic cycle is performed further comprises another 
cylindrical part constituting said control-slide which is 
adapted to move in a further cylindrical part of each of 
the cylinders is in which said piston-like elements are 
moveable and in that the apparatus comprises at least 
one duct interconnecting the two spaces on either side 
of the control-slide and in that the inlet duct and the 
outlet duct are in contact with the wall of said other 
cylindrical part. 

7. A hot-gas reciprocating apparatus as claimed in 
claim 5 further comprising a fluid supply duct and where 
in each of the fluid-filled spaces in each unit in which 
the thermo-dynamic cycle is performed communicates 
with said fluid Supply duct, the passage of which is blocked 
in operation of the apparatus, whereas at the location 
of the control-slide a further fluid outlet duct opens out, 
the passage of which is also blocked in the operation of 
the apparatus and in that the passages of said ducts can 
be released when the apparatus is prepared for starting 
and in that the openings of the outlet ducts are arranged 
so that they are uncovered when the relevant piston oc 
cupies its starting position. 

S. A hot-gas reciprocating apparatus as claimed in 
claim 7 further comprising a closed cylinder, a further 
piston-like body adapted to move therein, and wherein 
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the interconnected pistons of each of the pump units are 
furthermore connected with said piston-like body located 
substantially in their center lines, and in that the space 
above said piston-like body communicates with said fluid 
supply duct through which compressed fluid can be intro 
duced into said space whereby the pistons of the pump 
units are driven in their starting positions. 

9. A hot-gas reciprocating apparatus as claimed in 
claim 1 further comprising a control member, a plurality 
of fluid supply ducts and outlet ducts, a pump device 
having a pimp duct, which can be caused to communicate 
through said control member with said fluid supply ducts 
of the apparatus, and in that there is furthermore pro 
vided a fluid reservoir, with which the fluid outlet ducts 
of said apparatus can be caused to communicate through 
Said control member. 
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