WD 97/ 38220 PCT/ EP97/ 01801 THERMAL
PONER MACHI HE HAVI NG A MOVI NG REGENERATOR The invention relates to a

t hermal power machi ne of the type which is nentioned in the preanble of
claiml and 9, is disclosed in DE-Al-41 09 289 and has a noving

regenerator. TRegbfpgeqtion relates in particular to a thernalpgqﬁﬁ&" 801
machi ne for obtalning nechani cal energy fromsolar energy. One specitic
formof a thermal power machine having a regenerator is represented, for
exanple, by the Stirling engine, also called a hot-gas engine, which
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regenerat or. EX ions to this are low tenperature Stirling englines ‘an

cryocool ers. | nyidhe fase of o¥-a1-4n0 oengebeanal hhheat ¥oeimy tayding akpve,
an auxiliary device is normally provided by neans of
’ The invention relates in particular to a thermal power
5 machine for cbtaining mechanical eﬁergy from solar energy.
one specific form of a thermal power machine having a
regenerator is represented, for example, by the Stirling
engine, also called a hot-gas engine, which embodies the
oldest thermal power machine as well as the steam machine.
10 The thermodynamic process of the Stirling engine comprises,
in an idealized manner, four state changes: compression at
low temperature (isothermal with heat axtraction); heat
supply at constant volume (isochoric); expansion at high
temperature (isothermal with heat supply) and heat extraction
15 at constant volume (isochoric). As a rule, Stirling engines
have a stationary regenerator. Exceptions to this are low-
temperature Stirling engines and cryocoolers.
- In the case of Stirling engines of the type explained
above, an auxiliary device is normally provided by means of
20 which the regenerator is moved backward and forward between
the heat sink and the heat source. This auxiliary device may

be a mechanical coupling between the operating piston anc the

regenerator, with the interposition of an inertia mass. The



20 which-the regenerator is noved backward and forward between the heat
sink and the heat source. This auxiliary device may be a mechani cal
coupling between the operating piston and the regenerator, with the
interposition of an inertia mass. The WD 97/ 38220

PCT/ EP97/ 01801 di sadvantage of this arrangenment is its relatively
complicated sWAYPB®. As an alternative to this, it is knowRCT/EPI7REN
regenerator of a Stirling engine to be noved backward and forward by a

separate vari abl e-vol une co nent in the formof _a snal].auxiliar i ston
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mediumin the housing of the Stirling engine. As in the case of the
sol ution usirEPWRiﬁﬁé#%%JSTiﬁa éiﬁK fromthe operating pi ston to the regen-
erator, guoted aboye o4 he) concanlalaochds tie disprugntage dfat an
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addi ti onal device, nanel e auxiliary piséton, is required. In addition,
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regenerator via a relatively
forward by a separate variable-volume component in the form
of a small auxiliary piston which draws its power from the
pressure fluctuétioné of the operating medium in the housing
of the Stirling engine. As in the case of the solution using
mechanical feedback from the operating piston to the regen-
erator, guoted above, the concept also has the disadvantage
that an additional device, namely the auxiliary piston, is
required. In addition, the force produced by the auxiliary
piSton is transmitted to the'regenerator via a relatively
small area. The forces to be overcome by the regenerator,
namely its inertia and its flow resistance are, however,
distributed hoﬁogeneously over the entire regenerator volume.
For this feason, the physical difference betweenm the force
available from the auxiliary piston and the force required by
the generator must be covered by said regenerator itself.
However, because of its highly porous structure, the
regenerator is not suitable for relatively large mechanical
loads. For this reason, the use of an auxiliary piston is
suitable for only very low Stirling engine frequencies at
which no significant inertia forces occur, and thus only for

low power densities. If, on the other hand, the power density



smal| area. The forces to be overcone by the regenerator, nanmely its
Inertia and its flow resistance are, however, distributed honbgeneously
over the entire regenerator volune. For this reason, the physical

di fference between the force available fromthe auxiliary piston and the

force required generator nust be covered by said rege ishsel f.
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However, becau s highly porous structure, the regenerator i s not
suitable for relatively |arge nechanical |oads. For this reason, the use of
an auxiliary pistmredstermings,easodisobhg ¢asg. | 60X RxXMPIR) Sfifihesclar-
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frequgncy. In addition, since a relatively high piston mass is required,
the production costs of this thermal power machine type are
correspondingly high. Furthermore, JP-3-78554A discloses a
thermal power machine which has a large displacement cylinder
and, coaxially with respect to it, a small piston cylinder,
which cylinders are connected by a helical spring.

The invention is based on the object of providing a
thermal power machine of the type mentioned initially and
having a moving regenerator, with which higher operating
frequencies and power densities can be achieved than with the
conventional Stirling engine.

This object is achieved by the subject matter of claims
1 and 9. Advantageous developments of the invention are
specified in the subclaims.

In the context of the present invention, operating
piston should be understood as meaning any device which is
suitable for varying the operating volume, for example a
membrane, a bellows which is closed at one end, a liguid
column or a gas column.

In other words, the thermal power machine designed

according to the invention operates without an auxiliary



addition, since a relatively high piston mass is required, the production
costs of this thermal power nmachi ne type are correspondi ngly high.

Furt hernore, JP-3-78554A discloses a thermal power nmachi ne which has a

| arge di spl acenent cylinder and, coaxially with respect to it, a snal
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homogeneously throughout the entire regenerator, such that
the regenerator is completely freed of mechanical loads
during its linear or oscillating movement between the heat
sink and the heat source. Because of the load-free linear
movement of the regenerator, it can operate even at high
frequencies up to, for example, 50 Hz or more.

In other words, because of its drive according to the
invention, the regenerator is carried, via the volume flow of
the operating medium, with this flow without any load. The
movement of the regenerator in this case takes place phase-
shifted with respect to that of the operating piston, because
of its own inertia. The phase shift is adjustable by means of
the mass and flow resistance of the regenerator and varies
between > 0 and < 90 degrees.

In contrast to the Stirling engine mentioned initially,
the thermodynamic process in the thermal power machine
according to the invention takes place between two isotherms
and two polytropic lines.

Ooptions for extracting or supplying useful energy to or

from the oscillating system according to the invention are
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devi ce, which constrains a higher frequency, for controlling the
regenerator in such a nmanner that the braking forces which occur in a
honogeneousl y distributed manner throughout the entire regenerator during

regenerat or no re overcone by the operating forces “hiQQnﬂ{
di stributed hoﬁgggﬂ%%ﬁgly throughout the entire regenerator, suc P?ﬁ%?“the
regenerator is conpletely freed of nechanical |oads during its |linear or

oscillating novgpeii Betweenahhethesdsrsidkidnby tadigde sayr eepaBgeause of
the | oad-free Iinear novenent of the regenerator, it can operate even at
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of its drive according to the invention, the regenerator is carried, via
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The novenent of the regenerator in this case takes place phase- shifted
with respect toackarddngt ke Sper iRYertinntievisesads structurally simple

design of its essential elements, namely the regeneratar, the
heat sink and the heat socurce, as flat elemeﬂts which run
parallel to one another. In this configuration, the thermal
power machine according to the inventioﬁ is particularly
suitable for a solar drive.-

The operating piston of the thermal power machine
according to the invention can be arranged in a different
manner and in a different position with respect to the heat
source, the heat sink and the regenerator, in order to
produce a volume flow drive for the regenerator. A compact
physical form of the thermal power machine results if the
piston is arranged opposite the heat source on the housing of
the thermal power machine, for example in the form of a
conventional piston which is guided on the housing wall above
the heat source.

According to an advantageous development of the
invention, two operating pistons are provided in order to
produce the volume flow required by the regenerator, which
operating pistons are both driven starting from the heat
source side of the source-regenerator-sink arrangement. In

this case, the two operating pistons are preferably mounted



of its own inertia. The phase shift is adjustable by nmeans of the nmass and
fl ow resi stance of the regenerator and varies between > 0 and < 90 degrees.
In contrast to the Stirling engine nentioned initially, the thernodynam c
process in the thermal power machine according to the invention takes place
between two isotherns and two polytropic lines. Options for extracting or
suppl yi ng usefY@9¥My to or fromthe oscillating system ac ®&THEPAYOBY t he
i nvention are 4 WD 97/ 38220 '
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explanation in the present context. A preferred enmbodi ment of the thermal
power nachi ne amcohelimpverenthadirecdiononipthei degenesa et ukald \chunkere
design of its essential elenents, nanely the regenerator, the heat sink and
the heat sourchicr ¥s fommedeinteomaildy wikhpihal hepsing gie Hotsrirce
this configuration, the thernal .
regenerator-sink arrangement. Furthermore, both operating
pistons preferably have the same shape, the same mass and the
same dimensions.

In addition, the invention proposes a refrigerating
machine in the form of a twin thermal power machine, in which
the machine units comprise two thermal power machine units of
the type explained above, whose heat sources point outward
and whose heat sinks are adjacent to one another, the two
regenerators being driven by separate volume flows. In
detail, the volume flow which is produced by one operating
piston is in the opposite direction at any given time to the
volume flow produced by the other operating piston, and the
volume flow in the mirror-image plane of the machine is equal
to zero at any given time.

In principle, the applications of the thermal power
machine according to the invention are widespread. One
particularly preferred application relates to the use of the
thermal power machine in solar systems.

The invention will be explained in more detail in the
following text using the drawing by way of example, in which:

Fig. 1 shows a first embodiment of the thermal power

machine according to the invention using a single



power machine according to the invention is particularly suitable for a

sol ar drive. The operating piston of the thermal power nachine according to
the invention can be arranged in a different manner and in a different
position with respect to the heat source, the heat sink and the

regener at or, igr%%ggéqto produce a volune flow drive for the jeggRapabe’ - A
conpact physic P of the thermal power machine results if the piston is

arranged opposite the heat source on the housing of the thermal power .
machi ne, for exanple in PRETEBIMF ALH-UYbnventional piston which is guided
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Fig. 3 shows a third embodiment of the thermal power
machine according to the invention as a twin
refrigerating machine,

Fig. 4 shows a fourth embodiment of the thermal power
machine according to the invention using a single
operating piston, and

Fig. 5 shows a modification of the embodiment in Fig. 4.

As is shown schematically in Fig. 1, the first
embodiment of the thermal power machine according to the
invention comprises a generally cylindrical housing 1 having

a housing part 2a of larger diameter and a housing part 2b of

smaller diameter. An operating piston 4 is guided such that

it can move linearly or backward and forward in.the direction
" of the housing longitudinal axis in the housing part 2b of

smaller diameter. The housing part 2a of larger diameter

contains a heat sink 5, a heat source 6 which is opposite the

heat sink 5 and is arranged underneath the piston 4, and a

regenerator 7 which is arranged such that it can move in the

direction of the housing longitudinal axis in the operating
space between the heat sink S and the heat source 6, each of

which is of a flat design. The structure of the heat sink 5,

7
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they can nove linearly, transversely with respect to the novenent direction
of the regenerator, in a chanber which is forned integrally with the
housi ng of the source- regenerator-sink arrangenent. Furthernore, both
operating pistons preferably have the sane shape, the sane nmass and the
sanme di nensi S¥R97380addi ti on, the invention proposes a refr PGEERIYHEM
machine in the formof a twin thermal power machine, in which the machine
units conpri seft vhet heatesonmers marhidte thel regeherheotypeiexpt st negt+above,
whose heat sources point outward and whose heat sinks are adjacent to one
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détail, the volume flow which is produced by one operating piston is in the
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the regenerator 7 is composed of a porous, fluid-permeable
material which is suitable for use as an intermediate heat
store. The operating piston 4 may also be composed of
basically any material which is suitable, for example, for
use in a Stirling engine.

The housing 1 and the operating space of the thermal
power machine are filled with an operating medium, for
example with helium or, more cost-effectively, with air.

The regenerator 7 is suspended, likewise in a manner
known per se, in the housing 1 in such a manner that it can
carry out its oscillating movement between the heat sink §
and the heat source 6, without any significant tilting
movements. Springs 8 and 9 are provided on the underneath of
the regenerator 7, purely schematically for this purpose, in
Fig. 1. In addition or alternatively, beads which are
connected to the regenerator and the edge and are supported
on the housing may also be considered for guiding the
regenerator.

One essential feature of the invention is that the

operating piston 4 is arranged such that the volume flow

8



t hermal power machine in solar systens. The invention will be explained in
nore detail in the followng text using the drawi ng by way of exanple, in
which: Fig. 1 shows a first enbodi ment of the thernmal power machine
according to the invention using a single 6 WD 97/ 38220 _

PCT/ EP97/ 01801 _operating piston, Fig. 2 shows a second enbgWémm t he

t hermal power dﬁpﬁ@"according to the invention using two op

pi stons, Fig. 3 shows a third enbodi nent of the thermal power nachine

according to tRkmiidhvast bgddasea bw irs el inegar aidvemenicldi-iopsFte Begen&hows

a fourth enbodi nent of the thermal power nmachine according to the invention

usi ng a singl e axeer at wigghpust eny aechdiigals loadsholhis acliievest the vdsulte

enbodi ment in Fig. 4.
that the thermal power machine can operate at any operating
frequency over a wide range.

A second embodiment of the thermal power machine
according to the invention is shown in Fig. 2. This is a
thermal power machine having two operating systems. In
detail, the thermal power machine in Fig. 2 comprises the
housing part 2a, of larger diameter, of the thermal power
machine in Fig. 1, in which the he;t sink 5, the heat source.
6 and the regenerator are arranged in the same manner as in
Fig. 1. The housing part 2a is arranged in the upper part 11
of a piston chamber 10, whose lower part 12, of larger
volume, accommodates two identically designed coaxial
operating pistons 13 and 14, which are guided such that they
can slide. A gquide ring 15 or 16, respectively, is provided
in order to guide the pistons 13 and 14 such that they can
slide transversely with respect to the regenerator movement
direction. The interior of the housing 10 is filled with the
operating medium which also fills the space in the housing
part 2. The method of operation of the thermal power machine
in Fig. 2 is in principle similar to that in Fig. 1.
Fig. 3 shows a twin thermal power machine which is

formed from two thermal power machine units shown in Fig. 1

and which operatas as a heat-powersd reirigeraiing machine.



As is shown schematically in Fig. 1, the first enbodi nent of the thermnal
power machi ne according to the invention conprises a generally cylindrical
housi ng 1 having a housing part 2a of larger dianeter and a housing part 2b
of smaller dianeter. An operating piston 4 is guided such that it can nove
linearly or backward and forward in the direction of the housing

| ongi t udi nal X¥Q %380 he housing part 2b of smaller di aneter PCTERI¥M| ng
part 2a of |arger dianeter contains a heat sink 5, a heat source 6 which is "

opposite the heat.sinky 5 and L puanged widgkngath.hbecpsion . and a

regenerator 7 ar ranged " suc I't can Nove in the

the housing | opgitudinal éﬁﬂﬁ?ﬂrbéﬂﬁ%ﬁo&%%ah%ﬁgiﬁ aﬁ@r@§F¥§eﬂ?%£q;QFat si nk

5 and the heat “source 6, of which i1s o at design Structure
of the heat sigfhddident WP #4.3822Qs well as the Stirling %p?'ne

PCT/ EP97/ 01801 of the heat source 6 and of the regenerator s prior art

and, in particgbmpcneésts adttdrifed dnt hheper ¥8Angkthé eshhé tdference numbers
as in Fig. 1, the twin thermal power machine accordingly
comprises a housing part 2a in which a heat sink 5, a heat
source 6 and a regenerator 7, arranged between them, are
provided. On the heat source side, the housing 2a is closed
by- a piston 20, which comprises a piston wall 21 which is
connected to the housing part 2a via a bellows 22 such that
it is sealed. However, in principle, the classic design of
the piston 4 in Fig. 1 is also feasible.

The advantage of the thermal power machine in Fig. 2 and
Fig. 3 over that in Fig. 1 and Fig. 4 is that the machine
center of gravity remains stationary when the machine is
being operated, since the machine is counter-balanced to a
certain extent.
As already stated, the twin thermal power machine in

Fig. 3 comprises a mirror-image arrangement of the housing
part 2a just explained with the machine components arranged
in it and with the piston arranged on the outside, and the
same components in the mirror-image part are designated by
the same reference numbers, with a "’" added to them. In the
illﬁs::ated exemplary embodiment, the two heat sinks 5 and 5’

are connected to one another. As an alternative to this, the
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art in the field of Stirling engines. In principle, different materials my
be considered for these conponents of the thernmal power machi ne. The
essential feature is that the regenerator 7 is conposed of a porous,
fluid-pernmeable material which is suitable for use as an internedi ate heat

store. The operatln Iston 4 may al so be conposed of basi cal

material whi chWP? @&zgabl e, for exanple, for use in a Stirli r#g&éﬁ%\;ﬂ%ml The
housing 1 and the operating space of the t hermal. power nachine are filled
wi th an operat hegtnednls 5f and exargare aksch Welfpermeér ingggrally.

cost-effectively, with air. The regenerator 7S ended i kew se in
manner known per seTthhPﬁélFﬁnEﬁ?mF]?ﬁrﬁﬁﬂuﬁ? r 28fRaf Pfeéahfcﬁy%y

out its oscillating nnvenen% be;xgsg%éa& heat .si nk 5 and t he hegt source 6,
wi t hout any S|§H§FP85n?°tFF i 49 39.6239, & §°RRE"9°RPERHIOYI®

th d th of I ,
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consi dered for regene
the pistons 20 and 20’ as well as the regenerators 7 and 7°

carry out linear movements synchronously and act on the same
operating medium and, respectively, are driven without any
load by the same operating medium, as explained above.

Fig. 4 shows the fourth embodiment of the thermal power
machine according to the invention. This embodiment differs
from the first embodiment shown in Fig. 1 in principle in
that the entire housing forms the piston.

In detail, the operating piston is not guided such that
it can slide in a separate housing part 2b, but the entire
housing forms the piston, with the exception of the bottom
plate 26, which is connected to the housing part 2a via a
bellows 27 such that it is sealed, and on which this
embodiment of the thermal power machine according to the
invention is supported.

Furthermore, the housing bottom wall 2c¢ to which the
bellows 25 with the bottom plate 26 is connected and which
has a central communication opening for the operating medium
to pass through is formed as a heat sink, and the opposite

housing top wall 2d is formed as a hea:t source. This thermal
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one essential feature of the invention is that the operating piston 4 is
arranged such that the volune flow 8 WO 97/ 38220

PCT/ EP97/ 01801 which is produced by its |inear novenent drives the regener-
ator 7 without any nechanical |oads. This achieves the result that the

t hermal power machi ne can operate at any operating frequency over

range. A secom@wsydi nent of the thernal power nmachine accdi<dERg? '?’8 1t he
invention is shown in Fig. 2. This is a thernmal power nachine having two

operating systems, LOcHEhgLe bl LRErII, BAURS IGHLAE: el 0ys? £OTPIT sS

t he housing pRPIeS,! ar ger P ar anet ower nachine in

Fig 1, in whigh,thenBeRh)ShBler m %&ﬁ&@%c&%@csﬁleede&gsséﬁgﬁeﬂatOr are

arranged in t B¢ SanE manner-as in 1. The housing part 2a is arranged
in the upper ggg}cgl of a piston chanber 10, whose |lower part 12, of |arger
vol ume, accommpdates two identically designed coaxial

A modified embodiment of the thermal power machine in

Fig. 4 is shown in Fig. 5. In this embodiment, the housing
lower part accommodates a water column 28 which, on the one
hand, carries the housing weight because of the difference
between the bellows cross-section and the column cross-
section and, on the other hand, for the same reason
oscillates in antiphase to the housing, so that the piston

mass is formed by the sum of the water mass and the housing.



operating pistons 13 and 14, which are guided such that they can slide. A
guide ring 15 or 16, respectlvely IS providedi+n-oerder to guide the

pi stons 13 and 14 such that they can slide transversely with respect to the
regenerator novement direction. The i mmumll mumumu& ng 10 is filled

wi th the opera})j I um whi ch al so n thel¥¥ﬁm oBBEt 2
The met hod ofagﬁgﬂggﬁgn of the thermal poﬁer nechine i n Fig 'S |gﬂﬁ
principle simlar to that in Fig. 1. Fig. 3 shows a twin thermal power

machi ne which is fornmed fromtwo t < hinhe units shown in Fig.

1 and whi ch operates as a heat - powg machine. 9 WO
97/ 38220 97/ 01801 In detail,

t-he twin thermal power nachine conprises a m mage arrangenent of the
two housing parts 2a fromthe enbodinent in Fig. 1, as well as the Stirling
engi ne conponents arranged in them Using the sane reference nunbers as in
Fig. 1, the twin thermal power machi nePatent ityajims \

1. A thermal machine having a housing (2, 2a, 2b)} which

defines an operating space, an operating medium which is
contained in the operating space, a heat source (6, 6’) which
is arranged in or on the housing (2, 2a, 2b) as well as a
heat sink (5, S’) which is arranged in or on the housing (2,
2a), a regenerator (7, 7‘) which forms an intermediate heat
store and is mounted such that it can move in the operating
space between the heat source (6, 6’) and the heat sink (S,
5’), and at least one operating piston (4, 13, 14, 20, 20')
which 1is acted on by the operating medium,

wherein the operating piston (4, 13, 14, 20, 20’) is &rranged
in or on the housing (2, 2a, 2b) such that its compression
movement is associated with a volume flow of the operating
medium from the heat source (6, 6’) to the heat sink (5, 5’),
and its expansion movement is associated with a volume flow
in the reverse direction, and the volume flow moves the
regenerator (7, 7’) relative to the operating medium as a
result of the flow resistance of said regenerator (7, 77).

2. The thermal power machine as claimed in claim 1, wherein

®

the heaz source (6, 6’) and the heat sink (5, 5‘) are

arranged in the region of one end or the other of the

-
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5, a heat source 6 and a
eat source
es a piston

conprises a housimg part 2a in which a he
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that it is sealed. However, in principle, the classic of the piston

4 in Fig. 1 iwoa3saY easi ble. The advantage of the thernal SSW@?’WH ine in

Fig. 2 and Fig. 3 over that in Fig. 1 and Fig. 4 is that the machine center

of gravity r%éﬁ?er&‘_t allQnar pevega }gge@gﬂ&e {7, bei g oper ated, since the
a

machi ne i s counter-bal anced to a certarn exient. As dlTeady stated, the

twin thermal powerp@aldighailn pbivlr RaEQNRE | £65cPa {Hhdd Ofr idBYS 3r gangenent
of the housing part 2a just explained with the nachi ne conponents arranged
in it and W tfhddeiPitdieoregenatgedron7t he’ putsidlchedt dui=SqBE @ONPRAGNL S
in the mrror-inmage part are designated by the sane reference nunbers, wth
a "'" added tind hmmt IsinkhgSi,| Bust aneedomedme srflanhadinents, whiieht wanheat
sinks 5 and 5' are connected to.one another. As an alternative to this, the
10 parallel to one another.

4. The thermal power machine as claimed in claim 2, wherein
the heat source is arranged in the housing (2b) between the
operating piston (4, 20, 20’) and the regenerator (7, 77).

5. The thermal power machine as claimed in claim 4, wherein
the operating piston (13 or 14) is mounted in its own chamber
(10) .

6. The thermal power machine as claimed in claim 5, wherein
two operating pistons (13, 14) are provided in the chamber
(10) and both produce the volume flow drive for the

regenerator.

7. The thermal power machine as claimed in one of claims 1
to 4, wherein the thermal power machine is designed in
-duplicated form by its components being arranged in mirror-
image symmetry, and has the following structure: a common
housing (2a, 2a‘’), one or two heat sinks (S, 5’) which are
arranged at the center of the housing, a regenerator (7, 7')
arranged on each of the two sides of the heat sink or heat
sinks (5, 5’), followed by in each case one heat source (6,
6') and an externally located operating piston (20, 20/), and

wherein both operating pistons (20, 20‘) produce the volume

14
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WD 97/ 38220 | TVIS smngthT/ EPQ97/ 01801 heat
which arecl iseﬁaﬂﬂllmlllllfmﬂmﬂlll2%3928 o GEPLACED! W ] & common

operating medi um and t hustact dn fhe sanme operartTg—vott . This
duplicated Stirli ggénglne operates in a push-pull node, thatpifrpinsay the
pi stons 20 and 9@ Owel | as the regenerators 7 and 7' carry out |inear
novenent s synchronously and act on the same operating medi um and,
respectively, frape drivenfort bineltregendra@ambdsy (7he73ane operating nmedi um as
expl ai ned above. Fig. 4 shows the fourth enbodi nrent of the thermal power
machi ne accor @i.ng Tbet hbernadrpdvrr ﬁﬁﬂ&insnb@dhﬁadmediﬁﬁecéaiNOﬁ1@hé7jirst
enbodi ment shown in Fig. 1 in principle in that the entire hou5|ng forns
the piston. |Whesean thehgvweperenatigipindissenss (Ady §d) dBaveuthetsrme it can
slide-in a separate hou5|ng gart 2b, but the entire housing forms the

pi ston, with Fﬁé°§§ceSﬂWSH ?rﬂPQMﬂﬁﬁﬁﬁﬁplate 26, which is connected to

the housing part 23 %hermal machine having a housing (2a, 25) which

defines an operating space, an operating medium which is
contained in the operating space, a heat source (2d) which is
arranged in or on the housing (2a, 25) as well as a heat sink
(5, 5%} which'is arranged in or on the housing -(2a, 25},

a regenerator (7, 7’) which forms an intermediate heat store
and is mounted such that it can move in the operating space
between the heat source (2d) and the heat sink (2c), and

at least one operating piston which is actad on by the
6perating medium, wherein the operating piston is designed as
2 housing having a variable operating space, the compression
movement of the operating piston causing a volume flow of the
operating medium from the heat source (2d) to the heat sink
(2¢), and its expansion movement causing a volume flow in the
reverse direction, and the volume flow moving the regenerator
{7, 7’) relative to the operating medium as a result of the
flow resistance of said regenerator (7, 7').

10. The thermal power machine as claimed in claim 1, 2, 3 or
9, wherein the heat source (6, 6€‘, 2d) and the heat sink (5,
57, 2¢c) form the bottom and top, respectively, of the housing

(2a).
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bell ows 27 such that it is sealed, and on which this enbodi nent of the

t hermal power nachine according to the invention is supported. Furthernore,
t he housing bottomwall 2c to which the bellows 25 with the bottom plate 26
I s connected and which has a central comuni cation opening for the
operating nediumto pass through is fornmed as a heat sink, an site
housi ng top vvaIWOQ'fFeB@ formed as a heat source. This thermnal 4&%9‘8671/9%18220
PCT/ EP97/ 01801 power machine is particularly highly suitable for use as a
sol ar thermal power machi ne because of sy ¢xposed heat source. A nodified
enbodi nent of the thermal power nmachine in Fig. 4 is showmn in Fig. 5. 1In
this enbodi nent, the housing | ower part acconmpdates a water colunmn 28

whi ch, on the one hand, C§ry&§F the housi ng meightAbecause of the

di fference between the bel'l ‘cross-section and tﬁe colum cross- section

and, on the other hand, for the sane re /;jV .
ZQ_,,HK//::;;EEE;::
"/
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oscillates in antiphase to the housing, so that the piston mass is forned
by the sumof the water mass and the housing. 12 New Clainms 1. A thernal
machi ne having a housing (2, 2a, 2b) which defines an operating space, an
operating nediumwhich is contained in the operating space, a heat source
(6, 6') which is arranged in or on the housing (2, 2a, 2b) aspegkbe78f80R
heat sink (5, !W%’Wﬁﬁ?ﬁh Is arranged in or on the housing (2, 2a), a
regenerator (7, 7') which forns an internedi ate heat store and is nounted
such that it can nove in the operating §pgfﬁéﬁggmeen t he heat source (6

6') and the heat sink (5,-5"), and at |eas$t e operating piston (4, 13 14,
20, 20') which is acted on by the operating nmedium characterized in that -
t he heat source (6, F‘l)@(rg thQO‘it sink (5, 5) are arranged in the
regi on of one end or th¥ °*dfher of \t he novemgnt travel ofgthe regenerator
(7, 7.) and the heat source is b) betgmen the
operating piston (4, 20, =& =wierelin the
operating piston (4, 13, & e housing (2
2a, 2b) such that i ts—ewrptp e £l ow of the
operating nediun1fron2kﬁgdm\- jLAg (5, 5'), and

i ts expansion 5
: ! ’j
]

j\_5'

pe—————
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nmovenment is causing a volune flow in the reverse direction, and the vol une
fl ow noves the regenerator (7, 7') relatiée to the operating nmediumas a - -
result of the flow resistance of said regérerator (7, 7'). 2. The thernal
pomer machine as clainmed in claim11, wherein the regenerator (7, 7'), the
heat source (6, 6') and the heat sink (5, 5 ) are fornmed as flat elenents
which run parallel to one another. 3. The thermal power nmachine as cl ai ned
inclains 1 or 2, wherein the operating piston (13 or 14) is nmounted in its

~own chanber 5( 10The4:herﬂihe bwer MRichiV&y clabséd e oae oflchdiffed] k) 2¢ hiefRid, the
wherein two operat| ng pi stons (13, 14) are provided in the chanmber (10) and

bot h pr oducéherma \mmmalcbmednsld.e@zgmd inhduplicgsed fermo by its coa::posnennsrhem<y
t hermal power machine as clainmed in one rein the

|
ther mal  poviBFaRgERi RIS OHEES A R Lo I o liaieng SrtE: Gritmon
bei ng arranggeds Lkiga ;g@;,'dm% SRR sﬁxksa(%dﬁh%hkﬁ%r&%%ﬂfe%h%%f a

common housi ng one or two at &inks (5 are arranged

at the cent glie hbuking, botegenerater ('Egéhmahged (071, eath) obithetwe dides efoitie héatt he
two sides of the heat sink or heat sinks (5,.5 ), followed by in Qach case
one heat sogmé:eox( ]geabampkg,ﬁq, &) followed by in each case one heat source (6, 6

externally located operating piston (20, 20"), and wherein botk operating pistons

(20, 20") produce the volume flow drive for the regenerators (7, 7).

6. The thermal power machine as claimed in claim 6 or 7, wherein the twc

operating pistons (13, 14) have the same shapes, dimensions and masses.

7. A thermal machine having a housing (2a, 25, 26) which defines a variable
operating space, an operating medium which is contained in the operating space,
a heat source (2d) which is arranged in or on the housing (2a, 25, 26) as well as a
heat sink (2¢) which is arranged in or on the housing (2a, 25,26), a regenerator
(7, 7) which forms an intermediate heat store and is mounted such that it can“
move in the operating space between the heat source (2d) and the heat sink (2¢),
and at least one operating piston which is acted on by the operating medium, '

wherein the operating piston is formed by the entire housing (2a, 25) with the
exception of a bottom plate (26) of said housing, the compression movement of
the operating piston causing a volume flow of the operating medium from the
heat source (2d) to the heat sink (2c), and its expansion movement causing a
volume flow in the reverse direction, and the volume flow moving the regenerator

(7, 7') relative to the operating medium as a result of the flow resistance of said
regenerator (7, 7).

8. The thermal power machine as claimed in claim 1, 2, or 7, wherein the heat
source (2d) and the heat sink (2¢) form the bottom and top, respectively, of the

%xmsing (2a, 26, 26). | - 9 8 0 4 5 3 ] - 3
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externally | ocated operating piston (20, 20'), and wherein both operati g
pi stons- (20, 20') produce the volume flow drive for. the regeneratorgmg 3l ’3'
7'). 6. The thermal power machine as clained in claim6 or 7, wherein.the
two operating pistons (13, 14) have the sane shapes, dinensions and masses.
7. A thermal machi ne having-a housing (2a, 25, 26) which defines a variable
operating space, an operating nmediumwhich is contained in the operating
space, a heat source (2d) which is arranged in or on t”mm)m ' nm 5,
26) as well as a heat sink (2c) whi,&h- iﬁéa.rranged ino I"BII'") Hm(Za,
25,26), a regenerator (7, 7') whi chH P8 #E3HHSi nt er nedi ate hedt $tore and is
mount ed such that it can nove in the operating space between the heat
source (2d) and the heat sink (2c), and at |east one operating piston which °
is acted in b theemap enachime hawidigiarhousiags(2n 2ahBbppériett defines ah@perstifor med
by the entire housing, (2a, 25) with the exception of a bottomplate_ (26) of
sai d housiPegs, aneomr#ﬁpss@ﬁéthMnﬁ eomtainedo e the i apgrapiing spaca s ihegt a
vol une fl ow of .£hg,operat.i ng nmedi,um fraom,t he heat sourc 2d 0 the heat
si nk (2c)5‘,°u5ﬁ%l($'t%)é&blﬁﬁ§? 8%’%@&%&?%%‘? ﬁﬂug‘n\go it ’g"iﬁ\?i)“ﬁht%a fer se
directiongng 5 arfrhf i  hBUBHRY (£ pade : to
t he operat | ngéh%:}?%%g{f resﬁ?%]‘oggﬁaﬁ (&)1\?/ resi g‘%’%ag’echf"“%%‘?‘ré%rﬁgéxg)r at or
(7, 7). vehichToemshe mierpediate heat stvere andcisanoadisd sudlntmatlit can move'in
wherein the heat source (2d) and the heat siﬁ‘gk ,320) formthe bottom and
top, respBeReERting fpace, eﬁ%%-g et somzce )6 and the heat smk (5, 5°), and

at least one operating piston (4, 13 14, 20, 20’) which is acted on by the operating
medium, characterized in that the heat source (6, 6’) and the heat sink (5, 5')

are arranged in the region of one end or the other of the movement travel of the

regenerator (7, 7') and the heat source ig arranged in the housing (2b) betwsen
the operating piston (4, 20,- 20°) and the regenerator (7, 7’), wherein the
operating piston (4, 13, 14, 20, 20’) is arranged in or on the housing (2, 2a, 2b)
such that its compression movement is causing & volume flow of the operating
medium from the heat source (6, §’) to the heat sink (5, 5°), and its expansion ]
movement is causing a volume flow in the reverse direction, and the volume flow |
moves the regenerator (7, 7') relative to the operating medium as a result of the

flow resistance of said regenerator (7, 7).

2. The thermal power machine as claimed in claim 1, wherein the regenerator
(7, T, the heat source (6, 6”) and the heat sink (5, 5°) are formed as flat elements

which run parallel to one another,

3. The thermal power machine as claimed in claims 1 or 2, wherein the

operating piston (13 or 14} is mounted in its own chamber (10).

4. Thé thermal power machine as claimed in claim 3, wherein two operating
pistons (13, 14) are provided in the chamber (10) and both produce the volume

flow drive for the regenerator.
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(57) Abstract
The invention relates to a thermal machine "
having a housing (2, 2a, 2a’, 2b) which defines _ J
an operating space, an operating medium which !
is contained in the operating space, a heat source /
(6, 6°) which is arranged in the housing (2, 2a,
2a’, 2b) as well as a heat sink (5, 5*) which 2 bJ
is arranged in the housing (2, 2a, 2a’, 2b), a
regenerator (7, 7°) which forms an intermediate /
heat store which is mounted such that it can move
linearly in the operating space, and at least one 1 5
operating piston (4, 13, 14, 20, 20, 25) which is T _
acted on by the operating medium, for outputting / :
mechanical power from the operating space, and »
for coupling mechanical power into the operating

space. The invention provides that the operating
piston (4, 13, 14, 20, 20", 25) is amanged in
or on the housing (2, 2a, 2a°, 2b) such that
its compression movement is associated with a
volume flow of the operating medium from the
heat source to the heat sink, and its expansion
movement is associated with a volume flow in
the reverse direction, and the force resulting from
the volume flow is used to drive the regenerator
7, 7). _




