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Description

[0001] The invention relates to a hot gas motor. A mo-
tor is known from e.g. WO 90/04107 which comprises a
compressor and an expander. Gas compressed in the
compressor is heated and fed to the expander. The com-
pressor is coupled to the expander, whereby the com-
pressor is driven with the expansion energy.

[0002] The invention has for its object to provide such
amotor which can take a compact form and has a simple
basic construction.

[0003] This object is achieved with the hot gas motor
according to claim 1. In the simplest form only three
moving parts are required, i.e. three rotors. The com-
pressor type applied according to the invention can be
embodied such that a high compression ratio is ob-
tained, which results in a good efficiency of the motor.
[0004] The production costs of the motor according to
the invention can remain comparatively low by applying
the step of claim 2.

[0005] A very favourable further development is char-
acterized in claim 3. A hot gas motor/compressor unit is
hereby obtained which can function independently. The
air partially expanded in the expander is stored as com-
pressed air in the pressure reservoir. If the compressed
air can be used immediately, i.e. without first cooling, a
comparatively high efficiency can be achieved.

[0006] In the case the motor according to the inven-
tion must be used to drive a random device, the step of
claim 4 is preferably applied. The gas herein circulates
in a closed circuit so that a gas can be chosen that is
suitable for the intended application, in particular a freon
type. The gas cooling device results in a low pressure
of the gas in the connecting channel between the ex-
pander outlet, which favours a high efficiency of the de-
vice.

[0007] According to a further development the step of
claim 5 is applied. The compressor hereby acquires a
very low dead volume, whereby a high pressure can be
reached in one stage. This is particularly favourable in
the application as motor compressor unit.

[0008] In preference the step of claim 6 is applied. A
high pressure can be created in the connecting channel.
The non-return valve prevents gas under high pressure
flowing back to the compressor. Up to the point where
the gas is sufficiently compressed in the compressor it
is pressed into the connecting channel.

[0009] A favourable further developmentis character-
ized in claim 7. Leakage losses of the compressor and/
or the expander are hereby greatly limited, which con-
tributes to a good efficiency of the device. This efficiency
can already be achieved at a relatively low power de-
mand.

[0010] Use of the step of claim 8 results in a suitable
form of the profiles of the rotors, which particularly en-
ables a high compression with a low dead volume.
[0011] A suitable step is characterized in claim 9. The
motor can be used at any random location where one
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fuel or another is available. It can thus be provided with
a reservoir with its own fuel supply or be coupled to the
gas main. The burner can of course be adapted to the
type of fuel.

[0012] In preference the step of claim 10 is applied.
As the load increases the rotation speed of the motor
will tend to fall. In that case the heat production is in-
creased by the control device whereby more power is
supplied and the rotation speed remains substantially
unchanged.

[0013] Itis noted that the determination of the specific
form of the rotors lies within the reach of a skilled person.
In the European patent 0 211 826 is thus shown and
described the principle of the construction of such pro-
files.

[0014] The invention will be further elucidated in the
following description with reference to the annexed fig-
ures.

Figure 1 shows schematically a hot gas motor ac-
cording to the invention.

Figure 2  shows the hot gas motor of figure 1 in partly
broken away perspective view.

Figure 3  shows a view corresponding with figure 1 of
amotor/compressor unitaccording to the in-
vention.

Figure 4  shows schematically the cross section of a
preferred embodiment of rotors for a motor
according to the invention.

Figure 5 shows another embodimentin partly broken

away and simplified perspective view.

[0015] The hot gas motor 1 shown in fig. 1 comprises
a housing 2 in which three mutually overlapping cylin-
drical bores are formed. In the central, smaller bore a
female rotor 4 is rotatably mounted and in the two other
bores male rotors 3 and 5 respectively are likewise ro-
tatably mounted.

[0016] Rotors 3-5 are coupled such that they rotate at
equal rotation speed in the direction indicated with the
arrows. The female rotor 4 therefore rotates in a direc-
tion opposed to that of the male rotors.

[0017] The rotors have a profile such that except for
a very small gap they are in mutual contact in any rota-
tional position. A displacement system is hereby
formed. This is generally known per se, as for instance
from the European patent specification 0 211 826.
[0018] Since the actual form of the profile of the rotors
does not form part of the present invention, these are
not reproduced precisely in the figures. Only fig. 4 gives
a schematic example of rotor profiles which could actu-
ally be applied.

[0019] The compressor stage has an inlet 6 through
which gas can flow to the chamber 7. Due to the rotation
of rotor 3 this gas is carried along counter-clockwise into
the chamber position designated with 8. Due to the co-
action of the rotors 3 and 4 the gas present in chamber
8 is subsequently compressed and discharged via the
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outlet conduit 9. A non-return valve 10 is arranged in
this conduit. With an embodiment of the rotors as will be
further elucidated below with reference to fig. 4, a high
compression factor can be obtained.

[0020] The highly compressed gas is heated in a
schematically designated heat exchanger 11 whereby
the volume of the compressed quantity of gas increases.
The thus heated gas is guided via inlet conduit 12 to the
high pressure side 13 of the expander stage. The rotor
5is urged by this high pressure in the direction indicated
with the arrow, wherein the gas is transported to the out-
let chamber 14 of the expander. A lower pressure pre-
vails in the expander chamber 14 since this is connected
to the inlet 6 of the compressor. The outlet 15 of the ex-
pander is connected via a conduit 16 to a cooler 17
which further cools the gas already cooled by the ex-
pansion. The outlet of cooler 17 is connected via conduit
18 to the inlet 6 of the compressor.

[0021] A non-return valve can likewise be accommo-
dated in the outlet of the expander.

[0022] Although not shown, a controlled valve can be
accommodated in the inlet conduit 12 of the expander
in order to obtain a dosage of the quantity of gas fed to
the expander. A suitable gas for use in a hot gas motor
as in fig. 1 is for instance freon.

[0023] Fig. 2 shows a partly schematic perspective
view with broken away parts of the device 1. Housing 2
has a block shape and is closed at both ends with covers
20, 21 in which the rotors 3-5 are mounted. Mounted on
the ends of the rotors 3-5 protruding outside cover 21
are tooth wheels 22 which are in mutual engagement.
Tooth wheels 22 all have the same number of teeth,

whereby the described desired rotation ratio is
achieved.
[0024] A generator 23 can for instance be coupled to

motor 1 to generate electricity. The heating device is not
shown in detail in fig. 2 but may comprise a random
burner, so that an easily available fuel can be used to
drive the generator.

[0025] In the device 25 shown in fig. 3 no closed gas
flow is present but air is drawn in at the inlet 26 of the
compressor stage which is released under increased
pressure at the outlet 27 and is carried via conduit 28 to
a compressed air reservoir 29. The air drawn into inlet
26 is greatly compressed in the compressor stage in the
manner described with reference to fig. 1, subsequently
heated in the heat exchanger and partially expands
again in the expander, whereby the required drive ener-
gy is released. The expansion takes place to the desired
pressure for the compressed air.

[0026] In the embodiment as hot gas motor of fig. 1
as well as in the embodiment as hot gas motor/compres-
sor unit of fig. 3, control can take place in suitable man-
neron the basis of the rotation speed. The control device
will be embodied such that when the rotation speed de-
creases the heat supply is increased and vice versa. A
substantially constant rotation speed can hereby be
sustained.
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[0027] The construction of the profile of the rotors lies
within the reach of the skilled person. Fig. 4 shows pro-
files which are generally very suitable for the invention.
The male rotors 30 and 31 co-act with an oppositely ro-
tating female rotor 32. As shown, each of the male rotors
30, 31 and the female rotor 32 are profiled such that, in
the positions in which a protruding part of a male rotor
co-acts with a recessed part of a female rotor, these ro-
tors are in mutual contact along two lines. Hereby
formed between the male rotor and the female rotor is
a chamber 36 which decreases to a very small volume.
The transported gas can hereby be compressed to a
high pressure and discharged with this high pressure
via the delivery port 30 shown with dashed lines.
[0028] The width of the groove 34 in the female rotor
32 is smaller than the width 35 of the bridge, i.e. the
remaining part of the cylindrical bore for the female rotor
32. This prevents a short circuit occurring between the
compressor inlet and the expander outlet.

[0029] At each work stroke corresponding with one-
third of a revolution of the rotor assembly, a quantity of
heated gas under high pressure will be carried via the
"lower" recess of the female rotor in the direction toward
the compressor stage. This air under high pressure is
preferably discharged via a conduit 37, the entrance to
which is only left clear when the lower groove in the fe-
male rotor 32 is wholly in contact with the lower bridge
38, so that no undesired leakage from the first expander
chamber to the discharge 37 can occur. Conduit 37 is
connected to the low pressure side of the system via a
conduit in which is accommodated a controlled valve.
Preferably also accommodated in this conduit 37 is a
heat exchanger through the other side of which flows
the gas compressed under high pressure from the outlet
of the compressor.

[0030] The invention is not limited to an embodiment
with two male rotors and a female rotor. As shown in the
device 40 of fig. 5, three male rotors 41, 42, 43 can also
co-act with a female rotor 44. Equal rotation speeds are
applied forcibly in the directions indicated with arrows
by a suitable toothed gearing 45. The additional third
stage can be embodied as additional compression or
additional expansion stage. The extra stage can thus be
arranged in a position corresponding with the "under-
side" of the female rotor 32 in fig. 4 in order to cause the
gas under high pressure transported via the groove in
this female rotor to expand in this extra stage so that the
efficiency of the device is increased.

[0031] The profile of the rotors can be straight, as
shown in fig. 2, or helical as shown in fig. 5. As noted
above, these embodiments are per se known.

[0032] Although in the figures embodiments are
shown in each case wherein the female rotor has the
same rotation speed as the male rotors, this is not es-
sential for the invention. The female rotor can have a
larger number of recesses than the male rotors have
protrusions in order to obtain a construction which is op-
timal for the intended application and the available
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space. Nor does the diameter of the female rotor have
to be smaller than that of the male rotors. Particularly in
the case of devices with more than two male rotors, such
as the device 40 of fig. 5, it will be appropriate for the
female rotor to have a larger diameter.

Claims

1. Hot gas motor comprising a compressor with an in-
let and an outlet, an expander with an inlet and an
outlet, wherein the compressor outlet and the ex-
pander inlet are mutually connected by a connect-
ing channel comprising a gas heating device,
wherein the compressor is of the rotation type with
at least one male rotor mounted in a first cylindrical
chamber in a housing and having a profile with pro-
truding parts, which engages in a female rotor which
has a profile with recesses coacting therewith and
which is mounted in a second cylindrical chamber
intersecting the first cylindrical chamber and where-
in the expander is formed by the female rotor and
at least a second male rotor mounted in a third cy-
lindrical chamber and having a profile with protrud-
ing parts co-acting therewith, and wherein the rotors
are mutually coupled for rotation.

2. Motor as claimed in claim 1, wherein all male rotors
are identical.

3. Motor as claimed in claim 1 or 2, wherein the com-
pressor inlet is connected to the environment in or-
der to draw in ambient air and the expander outlet
is connected to a compressed air pressure reser-
voir.

4. Motor as claimed in claim 1 or 2, wherein the ex-
pander outlet and the compressor inlet are mutually
connected by a connecting channel comprising a
gas cooling device.

5. Motor as claimed in any of the foregoing claims,
wherein the compressor rotors are profiled such
that they are in mutual contact along two lines at
least close to the position corresponding with the
end of a compression stroke and that the compres-
sor outlet comprises an outlet port in a wall of the
housing against which lies a head end surface of
the female rotor, which outlet port extends in a re-
gion which is traversed by both the female and male
compressor rotor.

6. Motor as claimed in any of the foregoing claims,
wherein a non-return valve allowing a flow from the
compressor outlet to the expander inlet is accom-
modated in the connecting channel containing the
gas heating device.
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7.

10.

Motor as claimed in any of the foregoing claims,
wherein the protruding parts of the male rotors have
a cylindrical end surface co-acting with the wall of
the cylindrical chamber.

Motor as claimed in any of the foregoing claims,
wherein the number of protruding parts of the male
rotor or rotors is equal to the number of recesses of
the female rotor so that during operation these ro-
tate with the same rotation speed.

Motor as claimed in any of the foregoing claims,
wherein the heating device comprises a burner.

Motor as claimed in any of the foregoing claims,
comprising a control device which adjusts the heat
production of the heating device in accordance with
an intended motor rotation speed.

Patentanspriiche

1.

1. HeiRgasmotor mit einem Verdichter mit einem
EinlaR und einem AuslaB, einem Entspanner mit ei-
nem Einlal und einem Auslaf}, wobei der Verdich-
terauslal® und der Entspannereinlal® miteinander
Uber einen Verbindungskanal verbunden sind, der
eine Gasheizvorrichtung aufweist, wobei der Ver-
dichter vom Rotationstyp ist, mit wenigstens einem
AuBenrotor, der in einer ersten zylindrischen Kam-
mer in einem Gehause montiert ist, und ein Profil
mit vorstehenden Teilen hat, die mit einem Innen-
rotor zusammenwirken, der ein Profil mit Ausspa-
rungen hat, die mit diesen zusammenwirken, und
der in einer zweiten zylindrischen Kammer montiert
ist, welche die erste zylindrische Kammer schnei-
det, und wobei der Entspanner durch den Innenro-
tor und wenigstens einen zweiten Auflenrotor ge-
bildet ist, der in einer dritten zylindrischen Kammer
montiert ist und der ein Profil mit vorstehenden Tei-
len hat, die mit diesem zusammenwirken, und wo-
bei die Rotoren gegenseitig fiir die Rotation gekop-
pelt sind.

Motor nach Anspruch 1,
wobei alle AulRenrotoren identisch sind.

Motor nach Anspruch 1 oder 2,

wobei der Verdichtereinlal mit der Umgebung ver-
bunden ist, um Umgebungsluft anzusaugen, und
der Entspannerauslal® mit einem Reservoir flr ver-
dichtete Druckluft verbunden ist.

Motor nach Anspruch 1 oder 2,

wobei der Entspannerauslall und der Verdichter-
einlall miteinander durch einen Verbindungskanal
verbunden sind, der eine Gaskuhlvorrichtung ent-
halt.
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Motor nach einem der vorstehenden Anspriiche,
wobei die Verdichterrotoren so profiliert sind, dal
sie entlang zweier Linien wenigstens in der Nahe
der Position, die mit dem Ende eines Verdichtungs-
hubes korrespondiert, miteinander in Kontakt sind,
und daf’ der Verdichterauslall eine AuslaR6ffnung
in einer Wand in dem Gehause aufweist, an der eine
Kopfendflache des Innenrotors anliegt, wobei die
AuslaRoéffnung sich in einen Bereich erstreckt, der
sowohl vom Innenrotor als auch vom AuBenrotor
des Verdichters Uberquert wird.

Motor nach einem der vorstehenden Anspriiche,
wobei ein Rickschlagventil, welches ein Strémen
vom Verdichterausla® zum Entspannereinlal® er-
laubt, in dem Verbindungskanal aufgenommen ist,
der die Gasheizvorrichtung enthalt.

Motor nach einem der vorstehenden Anspriiche,
wobei die vorstehenden Teile der Aufdenrotoren ei-
ne zylindrische Endflache haben, die mit der Wand
der zylindrischen Kammer zusammenwirkt.

Motor nach einem der vorstehenden Anspriche,
wobei die Anzahl der vorstehenden Teile des Au-
Renrotors oder der Rotoren gleich der Anzahl der
Aussparungen des Innenrotors ist, so dal® wahrend
des Betriebes diese mit der gleichen Rotationsge-
schwindigkeit drehen.

Motor nach einem der vorstehenden Anspriiche,
wobei die Heizvorrichtung einen Brenner aufweist.

Motor nach einem der vorstehenden Anspriiche,
mit einer Steuerungsvorrichtung, die die Warmeer-
zeugung der Heizvorrichtung in Ubereinstimmung
mit der beabsichtigten Motorrotationsgeschwindig-
keit einstellt.

Revendications

Moteur a gaz chaud comportant un compresseur
ayant une entrée et une sortie, un mécanisme d'ex-
pansion ayant une entrée et une sortie, dans lequel
la sortie du compresseur et I'entrée du mécanisme
d'expansion sont reliées mutuellement par un canal
de liaison comportant un dispositif de chauffage de
gaz, dans lequel le compresseur est du type rotatif
ayant au moins un rotor méale monté dans une pre-
miére chambre cylindrique d'un boftier et ayant un
profil ayant des parties en saillie, qui coopéere avec
un rotor femelle qui a un profil ayant des cavités
coagissant avec celles-ci et qui est monté dans une
seconde chambre cylindrique recoupant la premié-
re chambre cylindrique et dans laquelle le mécanis-
me d'expansion est formé par le rotor femelle et au
moins un second rotor male monté dans une troi-
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10.

siéme chambre cylindrique et ayant un profil muni
de parties en saillie coagissant avec celui-ci, et
dans lequel les rotors sont mutuellement reliés pour
tourner.

Moteur selon la revendication 1, dans lequel tous
les rotors males sont identiques.

Moteur selon la revendication 1 ou 2, dans lequel
I'entrée de compresseur est reliée a I'environne-
ment afin de prendre de I'air ambiant et la sortie du
mécanisme d'expansion est reliée a un réservoir
sous pression d'air comprimé.

Moteur selon la revendication 1 ou 2, dans lequel
la sortie du mécanisme d'expansion et I'entrée du
compresseur sont mutuellement reliées par un ca-
nal de liaison comportant un dispositif de refroidis-
sement de gaz.

Moteur selon I'une quelconque des revendications
précédentes, dans lequel les rotors de compres-
seur sont profilés de telle sorte qu'ils sont en contact
mutuel le long de deux lignes au moins proches de
la position correspondant a I'extrémité d'une course
de compression et en ce que la sortie de compres-
seur comporte un orifice de sortie situé dans une
paroi du boftier contre laquelle se trouve une surfa-
ce d'extrémités de téte du rotor femelle, lequel ori-
fice de sortie s'étend dans une zone qui est traver-
sée par les deux rotors de compresseur femelle et
male.

Moteur selon I'une quelconque des revendications
précédentes, dans lequel un clapet antiretour per-
mettant un écoulement a partir de la sortie de com-
presseur vers l'entrée du mécanisme d'expansion
est regu dans le canal de liaison contenant le dis-
positif de chauffage de gaz.

Moteur selon I'une quelconque des revendications
précédentes, dans lequel les parties en saillie des
rotors males ont une surface d'extrémité cylindrique
coagissant avec la paroi de la chambre cylindrique.

Moteur selon I'une quelconque des revendications
précédentes, dans lequel le nombre de parties en
saillie du rotor ou des rotors males est égal au nom-
bre de cavités du rotor femelle de sorte que pendant
un fonctionnement, ceux-ci tournent avec la méme
vitesse de rotation.

Moteur selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de chauffage
est constitué d'un brdleur.

Moteur selon I'une quelconque des revendications
précédentes, comportant un dispositif de comman-
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de qui ajuste la production de chaleur du dispositif
de chauffage conformément a la vitesse de rotation
de moteur prévue.
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