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ENGINES DRIVEN BY LIQUIFIED OR
COMPRESSED GAS

[0001] This invention relates to engines driven by liquified
or compressed gas.

[0002] In a known engine of this type, liquid nitrogen is
admitted to an expansion chamber. The nitrogen expands
and drives a piston or rotor within the chamber to produce
shaft power. The expansion of the nitrogen causes cooling
and the cooling effect itself limits the potential for gas
expansion. As a result, the efficiency of known engines of
this type is low. The invention aims to improve the efficiency
of engines driven by liquified or compressed gas.

[0003] According to one aspect of the invention an engine
comprises an expansion chamber, inlet means for admitting
to the chamber a drive fluid, in a refrigerated or compressed
condition, and also for admitting to the chamber a heat-
exchange liquid, outlet means for withdrawing the heat-
exchange liquid, in a cooled state, from the chamber and a
heat-exchanger for increasing the temperature of the with-
drawn heat-exchange liquid prior to re-circulation of the
heat-exchange liquid through the chamber, in use the drive
fluid expanding in the chamber and the heat-exchange liquid
giving up heat energy to the expanding drive fluid, the
expansion of the drive fluid causing the generation of shaft
power by the engine.

[0004] According to another aspect of the invention there
is provided a method of generating shaft power from a drive
fluid, in a refrigerated or compressed condition, comprising
admitting the drive fluid to an expansion chamber, allowing
the drive fluid to expand in the chamber to produce shaft
power, wherein a heat-exchange liquid is additionally admit-
ted to the chamber where the heat-exchange liquid gives up
heat energy to the expanding drive fluid. the cooled heat-
exchange liquid being withdrawn from the chamber, heated
and re-circulated to the chamber.

[0005] Thus, in the invention the heat-exchange liquid
provides a source of thermal energy which is drawn upon to
reduce the amount of cooling to which the drive fluid is
subjected when the drive fluid expands in the chamber. The
transfer of heat energy from the heat-exchange liquid to the
drive fluid increases the temperature of the expanding drive
fluid, thereby increasing its expansion.

[0006] The heat-exchange liquid is preferably at or close
to ambient temperature when it is supplied to the chamber.

[0007] The drive fluid is preferably liquified nitrogen or
air or, less preferably, liquified carbon dioxide, or any
mixture of these or other gases.

[0008] The chamber may accommodate a movable drive
member which is moved, with respect to the housing of the
chamber, to produce the shaft power. In one embodiment,
the drive member is rotatably mounted in the housing so that
the engine is a rotary engine. In this case the drive member
may carry movable vanes which engage the inner periphery
of the housing as the member rotates therein. In another
embodiment, the housing is a cylinder and the drive member
is a piston reciprocatable within the cylinder, the piston
driving a crankshaft to produce the shaft power.

[0009] The heat exchanger may have a length of flexible
pipe or tube through which the heat-exchange fluid flows,
drive means being provided to apply a repetitive flexing
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movement to the pipe or tube to prevent the accumulation of
ice on the external surface of the pipe or tube.

[0010] Preferred embodiments of the invention will now
be described, by way of example, with reference to the
accompanying drawings, in which:

[0011] FIG. 1 is a diagrammatic view of a rotary engine
according to the invention.

[0012] FIGS. 2 and 3 show modifications of the engine
shown in FIG. 1,

[0013] FIG. 4 is a diagrammatic view showing a recipro-
cating engine according to the invention,

[0014] FIG. 5 illustrates a part of a heat-exchanger usable
in the engine of any of the illustrated embodiments, and

[0015] FIGS. 6 and 7 show engines similar to those of
FIGS. 4 and 1 respectively, but driven by compressed gas.

[0016] Throughout the drawings, corresponding parts bear
the same reference numerals.

[0017] Referring to FIG. 1, the engine has a generally
cylindrical housing 1 defining a cylindrical chamber 3
within which is mounted, on an eccentric axis 12, a cylin-
drical rotor 5 having a plurality of radially extending slots
each accommodating a slidable vane 7 the radially outer
extremity of which engages the inner periphery of the
housing 1 as the rotor 5 rotates within the housing 1. A
pressurised storage tank 2 holds a supply of drive fluid in the
form of liquid nitrogen at about —200° C. Liquid nitrogen is
fed to the chamber 3 through a supply pipe 4 and a flow
control device 6, in this case a rotary valve. First inlet means
admit the liquid nitrogen to the chamber 3. A heat-exchange
liquid, such as ethylene glycol, is also supplied to the
chamber 3 through a second inlet means fed by a supply pipe
9 drawing heat-exchange liquid from a reservoir 18. Heat-
exchange liquid is withdrawn from the chamber 3 through a
return pipe 16 which returns the heat-exchange liquid to the
reservoir 18. In its passage from the reservoir 18 to the
chamber 3, the heat-exchange liquid passes through a heat-
exchanger 20 provided with a plurality of fins.

[0018] Inuse, liquified nitrogen is admitted to the chamber
3 and expansion takes place between locations 8 and 10,
causing the rotor 5 to rotate about its rotational axis 12 in a
clockwise direction as viewed in FIG. 1. The expansion of
the nitrogen causes cooling but, by recourse to the invention,
the expanding nitrogen absorbs heat energy from the heat-
exchange liquid which is therefore cooled. The nitrogen,
now in an expanded gaseous state, and the cooled heat-
exchange liquid, exit through ports 14 and are then returned
to the reservoir 18 by means of the return pipe 16. The
recirculated heat-exchange liquid absorbs heat from the
atmosphere by flowing through the heat-exchanger 20. As a
result, the heat-exchange liquid admitted to the chamber 3 is
at about ambient temperature. The nitrogen is exhausted or
bled off from the reservoir 18 by an outlet 22.

[0019] In the modification of FIG. 2, a pump 26 is
incorporated in the pipe 4 supplying liquified nitrogen to the
chamber 3. The feed pump can be controlled to vary the flow
of liquified nitrogen to the chamber.

[0020] The modification of FIG. 3 is similar to that of
FIG. 2 but with the addition of a heat-exchanger 27 disposed
between the pump 26 and the inlet means to the chamber 3.
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The heat-exchanger 27 has a number of fins in order to heat
the liquified nitrogen somewhat before admission to the
chamber 3. This can reduce icing around the chamber
without significant loss of the amount of power produced.

[0021] The engine shown in FIG. 4 has an expansion
chamber 3 in the form of a cylinder within which a piston 28
is capable of reciprocation, the piston 28 driving a crank-
shaft 29 which produces the shaft power. The pipe 4 for the
liquified nitrogen incorporates a flow control device 30
which may be a timed injection pump which is operative to
dispense dosages of liquified nitrogen at appropriate points
of the cycle of the engine. For example, during the first part
of the cycle heat-exchange liquid is drawn into the cylinder
through an inlet valve 32 and at this point liquified nitrogen
is also injected into the heat-exchange liquid. The liquified
nitrogen expands, the pressure in the cylinder rises and
forces the piston 28 to undertake a pressure stroke. When the
piston 28 reaches bottom dead centre, an exhaust valve 34
opens and the expanded nitrogen and heat-exchange liquid
flow through the valve 34 and thence by the return pipe 16
to the reservoir 18.

[0022] In each of the described embodiments, the heat-
exchange liquid is drawn into the chamber by a suction
effect produced by the rotor or piston. When inside the
chamber 3, the heat-exchange liquid is in intimate contact
with the nitrogen, so effective heat transfer takes place from
the heat-exchange liquid to the expanding nitrogen. This
transfer of heat energy to the nitrogen increases the amount
by which the nitrogen expands, so increasing the amount of
shaft power produced by the engine. The heat-exchange
liquid is recirculated through the chamber 3, passing through
the heat-exchanger 20 in order to return its temperature to
ambient.

[0023] FIG. 5 illustrates how the heat-exchanger 20 may
include a serpentine length of flexible rubber pipe 36
through which the heat-exchange liquid flows. Any water
vapour in the air which freezes on the pipe 36 is dislodged
by applying a reciprocating motion to the pipe 36, as
indicated by arrow 38. This repeated flexing of the pipe is
applied by the drive means 39 and causes the ice to break
and fall away from the pipe surface.

[0024] The engine shown in FIG. 6 is similar to that
shown in FIG. 4, except that the tank 2 is in the form of a
compressed gas cylinder holding a compressed gas such as
nitrogen. The engine shown in FIG. 7 is also driven by a
compressed gas such as nitrogen in a cylinder 2, the engine
being a rotary engine corresponding to that illustrated in
FIG. 1.

1. An engine comprising an expansion chamber, inlet
means for admitting to the chamber a drive fluid, in a
refrigerated or compressed condition, and also for admitting
to the chamber a heat-exchange liquid, outlet means for
withdrawing the heal-exchange liquid, in a cooled state,
from the chamber and a heat exchanger for increasing the
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temperature of the withdrawn heat-exchange liquid prior to
re-circulation of the heat-exchange liquid through the cham-
ber, in use the drive fluid expanding in the chamber and the
heat-exchange liquid giving up heat energy to the expanding
drive fluid, the expansion of the drive fluid causing the
generation of shaft power by the engine.

2. An engine according to claim 1, wherein the drive fluid
is a liquid field gas which expands to a gaseous state in the
chamber.

3. An engine according to claim 2, wherein the drive fluid
is liquified nitrogen, liquified air, liquified carbon dioxide or
a mixture thereof.

4. An engine according to any of the preceding claims,
wherein the chamber accommodates a drive member mov-
able within a housing, the drive member being movable with
respect to the housing to produce the shaft power.

5. An engine according to claim 4, wherein the drive
member is rotatably mounted in the housing.

6. An engine according to claim 5, wherein the drive
member carries vanes which engage the inner periphery of
the housing as the member rotates.

7. An engine according to claim 4, wherein the drive
member is a piston and the housing is a cylinder within
which the piston is reciprocatable, the piston driving a
crankshaft to produce the shaft power.

8. An engine according to any of claims 1 to 7, wherein
the heat exchanger has a length of flexible pipe or tube
through which the heat-exchange fluid flows, drive means
being provided to apply a repetitive flexing movement to the
pipe or tube to prevent the accumulation of ice on the
external surface of the pipe or tube.

9. A method of generating shaft power from a drive fluid,
in a refrigerated or compressed condition, comprising admit-
ting the drive fluid to an expansion chamber, allowing the
drive fluid to expand in the chamber to produce shaft power,
wherein a heat-exchange liquid is additionally admitted to
the chamber where the heat-exchange liquid gives up heat
energy to the expanding drive fluid, the cooled heat-ex-
change liquid being withdrawn from the chamber, heated
and re-circulated to the chamber.

10. A method according to claim 9, wherein the heat-
exchange liquid is at or close to ambient temperature when
it is supplied to the chamber.

11. A method according to claim 9 or 10, wherein the
drive fluid is admitted to the chamber in a liquid state and
expands to a gaseous state in the chamber.

12. A method according to claim 11, wherein the drive
fluid is a liquified gas or a liquified mixture of gases.

13. A method according to claim 12, wherein the gas is
nitrogen or carbon dioxide, and the mixture of gases is air.

14. A method according to claim 9 or 10, wherein the
drive fluid is a compressed gas or mixture of gases.

15. A method according to claim 14, wherein the gas is
nitrogen, or the mixture of gases is air.
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