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(57) Abstract: The subject-matter of this invention is
thermal multi-valve piston engine (TMPE) of external
combustion, characterized in that the head (3) of the engine,
next to standard inlet valve (4) and outlet valve (7) connected
hydraulically with heater (9) and cooler (10) respectively,
is fitted with at least one extra inlet valve (5), through which
the cylinder interior is hydraulically connected to cooler (10),
and at least one extra outlet valve (6), through which the
cylinder interior is hydraulically connected to heater (9),
furthermore, with regard to the adopted parameters of engine
operation, the function of compressor or pressure pump
compressing the agent directly before feeding it to heater
(9), is performed by the same cylinder (1) capped with head
(3), with piston (2) inside. The another subject matter of
invention is a method of control of thermal multi-valve piston
engine (TMPE) operation, characterized in that the isobaric
filling of cylinder (1) from heater (9) during the first phase of
the working stroke, with heated agent in gaseous form, with
temperature, pressure and specific volume higher than critical
for that agent.
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Thermal multi-valve piston engine and a method of control of thermal multi-valve

piston engine operation.

The subject of invention is thermal multi-valve piston engine of external
combustion and internal pressure cooling, and a method of control of thermal multi-valve

piston engine operation.

There is one known solution for thermal engines with at least one cylinder capped
with a cylinder head and with the piston inside. In this solution, the cylinder head is
connected hydraulically with a heater and a cooler, by means of a valve system controlled
by a geér system. Heater and cooler are connected hydraulically by means of pressure
pump Or COmpressor.

The lowest volume occupied by working agent in the engine cylinder refers to the
external piston return point and the highest volume of agent refers to the internal piston
return point. With vertical placement of the cylinder, with the cylinder head on top, the
external piston return point is called top dead position (TDP), and the internal piston
return point is called bottom dead position (BDP). Change in the volume of ultra-piston
space in the cylinder between TDP and BDP is called cylinder displacement volume.

There are two valves, one inlet valve and one outlet valve, in the cylinder head.
They are connected hydraulically with a heater and a cooler , respectively. The working
agent works in a closed cycle. The working agent in steam engines is water, which
during circulation undergoes two phase changes of vaporization /in heater/ and
condensation /in cooler/.

The power stroke begins when the piston is in its TDP and, with outlet valve
closed, the inlet valve opens and heated steam flows from the heater into the cylinder, at
possibly constant pressure, moving the piston to a preselected position /with regard to
adopted working parameters and cylinder geometry /, in which the cylinder’s inlet valve
is closed.

After closure of the inlet valve, the power stroke continues and expanding and
cooling steam moves the piston even further until it reaches its BDP where the power
stroke ends.

At BDP, the outlet valve opens and the piston's direction of movement changes to

the opposite direction and the exhaust stroke begins. When the piston travels from BDP to
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TDP, steam of constant pressure is removed from the cylinder, and when the piston
reaches TDP, the engine's working cycle ends.

Steam removed from the cylinder flows to the cooler, where it is condensed. Then,
cooler water is pumped with a pressure pump to the heater, where it is turned to steam,

and the agent's circulation cycle ends.

In the further part of the description, as well as in the patent claims, the
expressions TDP and BDP shall be used as generally understood. This should not,
however, be interpreted as a limitation of the engine's working positions to these two.

Furthermore, for identification of thermodynamic transformations, the names of
perfect transformations shall be used, which are practically impossible to achieve, though
the actual transformations are very close. Hence, e.g. 'adiabatic expansion', is in practice
an expansion possibly closer to adiabatic. Expression “agent” used in the description and
in the patent claims, means the engine working agent works in a closed cycle.

In addition to the above, such expressions as “preselected value” or “preselected
values” shall be used, meaning the values resulting from the adopted parameters of the
engine’s operation. ~

In the further part of the description and patent claims, the expression “thermal
multi-valve piston engine” is replaced with the acronym “TMPE” or, should context

allow, is referred to simply as “engine”.

The nature feature of the invented construction of the thermal multi-valve piston
engine (TMPE), with at least one cylinder capped with a cylinder head and with the
piston inside, connected hydraulically with a heater and a cooler, by means of a valve
system controlled by a gear system, with the working agent working in a closed cycle, is
that in the engine head, next to the standard inlet valve and outlet valve connected
hydraulically with a heater and a coooler , respectively, there is at least one extra inlet
valve, connecting the interior of the cylinder hydraulically with a cooler, and at least one
extra outlet valve, connecting the cylinder interior hydraulically with a heater, and in
addition, with regard to the adopted parameters of the engine's operation, the function of
compressor or pressure pump, compressing the working agent directly before feeding it to

the heater, is performed by the same head-capped cylinder with piston inside.
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The second important feature of t3he invented engine's construction is that the
hydraulic connection between at least one extra inlet valve, located in the cylinder head,
and the cooler, is not a direct one, but is effected through a compression unit that
contains, with regard to the adopted parameters of the engine's operation, at least one
compressor or pressure pump, at least one cooler, and at least one outlet pressure
compensation tank stabilising agent . .

The third important feature of the invented engine's construction is that all its inlet
and outlet valves are electronically controlled, based on analysis of data supplied from
pressure, location, fill and temperature sensors.

The fourth important feature of the invented engine's construction is that each
engine piston, with regard to the maximum value of pressure in the cylinder, is fitted with
at least one sealing ring that does not require lubrication.

The fifth important feature of the invented engine's construction is that each
engine piston is fitted with at least one guiding ring that does not require lubrication.

The sixth important feature of the invented engine's construction is that each
engine piston has at least one groove engraved on its side surface, with a profile
preventing and inhibiting the inflow of the agent to the rings,~ around the whole perimeter,

on a section between the external bottom of the piston and the first ring.

The seventh important feature of the invented engine's construction is that the
walls of the engine's cylinders, head and piston are ceramic-coated or lined with ceramic
insertions.

The eighth important feature of the invented engine's construction is that each
engine piston is attached to the connecting-rod via a piston rod led through the crosshead.

The ninth important feature of the invented engine's construction is that it
contains a counter-current heat exchanger in its heater, fitted at the working agent inlet or
outlet, with a compensation tank stabilising agent outlet pressure.

The tenth important feature of the invented engine's construction is that it contains
a counter-current heat exchanger in its cooler, fitted at the working agent inlet or outlet

with a compensation tank stabilising agent outlet pressure.

A method of control of TMPE's operation, in which the power stroke

begins when the piston is in its TDP and its first phase is effected by filling the engine
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cylinder with heated working agent - at possibly constant pressure - from the heater
through the standard inlet valve - with a closed standard outlet valve, and then in the
second phase the stroke continues upon closure of standard inlet valve, with standard
outlet valve still closed, through the process of working agent expansion, which
contiunues until the piston reaches BDP. Then, upon changing at BDP the direction of
movement of the piston to the opposite and opening the standard outlet valve, the exhaust
stroke to the cooler is effected which ends when the piston reaches its TDP, wherein
according to nature of the invention, in the first phase of the working stroke, the engine
cylinder is isobarically filled from the heater with heated agent in the form of gas, with

temperature, pressure and specific volume higher than critical for such agent.

The second important feature of the invented method of control is that during the
working stroke - best at the end of the stroke - an additional portion of cold, compressed
working agent, in a continuous liquid-gaseous phase and at the preselected values of

 pressure and temperature, is fed, at least once, to the cylinder from the compressing unit
through the extra inlet valve, keeping the jet stream value and quantity, so that after the
final closure of said inlet valve the agent /now with increased mass/ expands
adiabatically further in cylinder, but following the adiabate of lower value of specific
entropy than before. Such adiabatic expansion is continued until the agent reaches in
cylinder the preselected values of pressure and temperature.

The third important feature of the invented method of control is that at the end of
the second power stroke /i.e. at the end of adiabatic expansion/, when the cylinder
pressure value is equal or nearly equal to the preselected minimum value, an additional
portion of cold, compressed working agent, in a liquid form or continuous liquid-gaseous
phase and at the preselected values of pressure and temperature /parameters at cooler
outlet/, is fed to the cylinder from the cooler through a next extra inlet valve, at least once,
keeping the jet stream value and quantity, so that after final closure of said inlet valve and
completion of power stroke, the agent /now with increased mass/ in cylinder, has a lower
value of specific entropy than before and reaches preselected values of pressure and

temperature.

The fourth important feature of the invented method of control is that when the
power stroke ends and the piston is at BDP and the direction of movement of the piston

changes to the opposite, all outlet valves remain closed and the adiabatic compression
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stroke begins, which, upon opening of the first of two outlet valves, proceeds to the
isobaric exhaust stroke and upon closure of said valve is continued until the beginning of
the second isobaric exhaust stroke. This occurs upon opening of the second outlet valve

and continues until the piston reaches TDP.

The sequence of outlet valves opening- /the relations between the pressure of
agent fed to the cooler and the pressure of agent fed to the heater/- and values of pressure

at which they open, depend on the adopted parameters of engine operation.

The fifth important feature of the invented method of control is that the working
agent is heated isobarically in the heater until it reaches the preselected value of

temperature and takes gaseous form.

The sixth important feature of the invented method of control is that the working
agent is cooled isobarically in the cooler until it reaches the preselected value of
temperature, at which, with regard to the adopted parameters of engine operation, it takes

liquid form or continuous liquid-gaseous form.

The seventh important feature of the invented method of control is that the
working agent that is isobarically exhausted from cylinder to cooler, through standard
outlet valve, is then taken from the cooler and fed to the compression unit, where it is
compressed and cooled until it reaches preselected values of pressure and temperature.

Later, it is stored in a vessel mounted at the unit's outlet.

The eighth important feature of the invented method of control is that carbon

dioxide is utilised as a working agent.

Advantages of the invention: improved thermal efficiency of the engine;
possibility of lowering the temperature of the piston and cylinder walls; a technically
acceptable value of ultra-piston pressure in cylinder at a relatively high maximum
temperature of the working agent.

Examples of the invented engine are shown as a block diagram in fig.1, and as a
diagram depicting head-cylinder-piston system of the engine in fig.2. Fig. 3 shows control

of TMPE operation as per the invention, and also the example of thermodynamic
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circulation of working agent in the engine. The left part of agent circulation is effected in
the cylinder and the cooler, whereas the right part is effected in the cylinder and the
heater. During the compression stroke in the cylinder, those two parts of circulation are
effected simultaneously, hence the bold compression line in the diagram. The part of

circulation that is effected in the compression unit is not shown in the diagram.

Example of the TMPE.

The TMPE is composed of an engine cylinder 1 with piston 2 and head 3 with five
valves: standard inlet valve 4, extra inlet valve 5, extra outlet value 6, standard outlet
valve 7 and next extra inlet valve 8, and furthermore heater 9, cooler 10 and electronic
control circuit 11.

- The piston is fitted with two sealing rings 12 and one guiding ring 13, all rings are
made of composites and do not require lubrication.

Engine piston 2 has one groove 14, with profile preventing and inhibiting the
inflow of agent to sealing rings 12 and guiding riﬁg 13, engraved on its side surface
around the whole perimeter, on a section between the external bottom of the piston and
the first sealing ring 12.

Cylinder 1, piston 2 and cylinder head 3 have ceramic coating 15, allowing them
to work at high temperatures with reduced thermal loss. Piston 2 is attached to piston rod
16, going further through crosshead 17, to a typical system of crankshaft.

Standard inlet valve 4, extra inlet valve 8 and next extra inlet valve 5 are
hydraulically connected to heater outlet 9, compressing unit outlet 18 and cooler outlet
10.

Extra outlet valve 6 and standard outlet valve 7 are hydraulically connected to
heater inlet 9 and cooler inlet 10, respectively.

Heater 9 is a boiler, fueled with any kind of fuel, with counter-current heat
exchanger fitted at the inlet with outlet pressure compensation tank stabilising agent.
Cooler 10 is a counter-current heat exchanger fitted at the inlet and outlet with the outlet
pressure compensation tank stabilising agent.

The cooling agent is water. Circulation of the working agent, carbon dioxide, is

closed. It is certain that solution above can be realized with double-sided acting piston.
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The engine power stroke begins when piston 2 is at TDP. Then standard inlet

valve 4 opens, with the remaining valves closed, and a portion of heated working agent
flows in to cylinder 1 from heater 9. Agent temperature T, pressure pg and volume v,.

The jet of agent and engine load are so adjusted that cylinder 1 is filled
isobarically. When ultra-piston volume is Vg, standard inlet valve 4 closes and the power
stroke proceeds to the next phase - adiabatic expansion of the agent. The moment when
the value of pressure in cylinder 1 drops to pw, extra inlet valve 8 opens, and agent is
injected from compressing unit 18. Agent pressure pys and temperature Tys. ‘

Agent jet and quantity are so adjusted that, for a moment, agent pressure in the
cylinder drops more slowly, and the temperature rises faster than before the injection.

Thanks to this solution, upon closure of additional extra inlet valve 8, the further
phase of the power stroke continues in-line with a more favorable adiabate.

When agent in cylinder 1 reaches minimum pressure py and temperature Ty and
becomes dry saturated steam, next extra inlet valve 5 opens and another portion of cold
agent, with temperature T, and pressure pe = pg flows from cooler 10 into cylinder 1.

Agent jet and quantity are this time so adjusted that the last phase of the power
stroke is nearly isobaric atxpressure po, and isotermic at temperature Ty. Upon injection,
the cold agent expands to py and cools down to Ty becomiﬁg highly saturated, highly
moisturised steam. After closure of extra inlet valve 5, stabilisation of pressure py and
agent moisture level, piston 2 reaches BDP and the power stroke ends.

Agent in cylinder 1 has the same temperature and pressure as before injection of
the cold agent, but higher moisturisation and lower specific volume.

At BDP, piston 2's direction of movement changes to the opposite direction and
the adiabatic compression stroke begins. The compression stroke is continued until the
agent reaches pressure pg = p;.

At the same moment, extra inlet valve 6 opens and agent is isobarically exhéusted
to heater 9. In heater 9 the agent is isobarically heated, at the pressure pg, to temperature
T, Upon exhaustion of a sufficient quantity of agent from cylinder 1, extra outlet
valve 6 closes and simultaneously, standard outlet valve 7 opens, and the remainiﬁg part
of agent is isobarically exhausted from cylinder 1 to cooler 10.

In cooler 10, the agent is isobarically cooled to temperature T, at pressure p; = pe, and
part of it is taken to compression unit 18, where it is compressed to pys and cooled to Tys.

The exhaustion stroke ends when piston 2 reaches TDP and standard outlet valve 7

closes. At that point, the cycle of engine’s operation ends.
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Example for method of control of TMPE operation

Circulation begins when piston 2 is at TDP, marking the beginning of the first phase of
the power stroke, when standard inlet valve 4 opens, with remaining valves closed, and
heated agent, with high temperature Ty and high pressure pg is isobarically fed to
cylinder 1 from heater 9.

The agent is in the form of gas and values T, and pg are higher than critical values
of those parameters for this agent.

The jet of agent filling cylinder 1 and the load of the engine during filling are so adjusted,
that pressure in cylinder 1 is not changing during filling and is p,. Cylinder 1 is filled until
reaching the ultra-piston volume v, equal to agent specific volume at pressure pg and
temperature Tg.

. Immediately upon reaching the ultra-piston volume of value vy standard inlet
~ valve 4 closes.

During the second phase of the power stroke, adiabatic expansion of agent is
effected, which becomes disturbed when extra inlet valve 8 opens, feeding in the po»rtion
of cooled, highly compressed agent from compression unit 18 to cylinder 1.

Pressure of the new portion of agent is pys and its mass equals the mass of agent
already in the cylinder. Additional extra inlet valve 8 opens as soon as pressure in
cylinder 1 drops to pw= (pg - Po)/2.

The jet of this portion should be such that pressure in cylinder 1 drops for a
moment more slowly than before the opening of extra inlet valve 8 occurs, and
temperature drops faster. Thanks to this solution, the value of the agent’s entropy falls.

Upon closure of extra inlet valve 8, the second phase of the power stroke and
adiabatic expansion of agent /in accordance with corrected adiabate/ continues until
reaching the pressure of pp in cylinder 1.

Adopted correction of adiabate is obtained by determination of sufficiently high
value of pys. At the moment when pressure of agent in cylinder 1 reaches po, next extra
inlet valve 5 opens and another portion of cold agent is fed to cylinder 1 from cooler 10.
Portion pressure is p. = pg and temperature T, and its mass equals the mass of agent

already in cylinder 1.
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Said portion is injected to cylindes; 1 in such a jet that the pressure of agent in
cylinder 1 during the end phase of the power stroke would finally stabilise, without major
fluctuations, at the value of py and temperature Tj.

Then the agent is in the form of saturated, wet steam, and its specific entropy
value is lower again. In this last phase of the power stroke, agent expansion is continued,
possibly isobarically, until closure of extra inlet valve 5 and the reaching of the piston to
BDP.

We select pressure pe = pg so that it is a couple of times higher than the critical
value typical for the agent, and that at p; and T, the cold portion of the agent at the cooler
10 outlet was in a continuous liquid-gaseous phase.

The temperature of agent at the cooler 10 outlet and compression unit 18 outlet,
ie. To and Tys,, is so selected that they can be maintained and obtained by means of
cooling the agent with water from natural water intakes.

At BDP, piston 2's direction of movement changes to the opposite direction, and
 the compression stroke begins. During the compression stroke, the adiabatic compression
of agent to pressure pg = p.is effected, accompanied by a temperature rise from Ty to Ts.

When the agent reaches pressure ps = p, extra outlet valve 6 opens and the
exhaust stroke begins, during which the agent is removed isobarically from cylinder 1 at
pressure pg = pe.

Agent is exhausted to heater 9. Extra outlet valve 6 closes when the same portion
of agent as was taken before, returns to heater 9. After closure of extra outlet valve 6, the
standard outlet valve 7 opens immediately and the exhaust stroke is continued. The
portion of agent still remaining in cylinder 1 is isobarically exhausted to cooler 10 at an
unchanged pressure of
Pc= Pg.

The exhaust stroke ends when piston 2 reaches TDP. Agent being removed from
cylinder 1 is in a continuous liquid-gaseous phase.

In heater 9, the agent is counter-currently heated until its temperature raises from
Ts to Ty and it is therefore ready for utilisation in the subsequent cycle of engine
operation.

In cooler 10, the agent is counter-currently cooled with water from natural intakes
until its temperature drops from T to T, and it is therefore ready for utilisation in the

subsequent cycle of engine operation.
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The portion of agent cooled in cooler 10 is taken to compression unit 18, where it
is compressed to pressure pc to Pus, cooled to temperature Tys and stored in vessel 19
mounted at the outlet of unit 18.

Agent is stored in vessel 19, ready for use in the subsequent cycle of engine

operation. This ends circulation of the working agent in the engine.
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Claims

1. Thermal multi-valve piston engine (TMPE) of external combustion, containing at
least one cylfnder (1) capped with head (3), with piston (2) inside, connected
hydraulically' with heater (9) and cooler (10) by means of the system of valves (4-8)
controlled by gear system, with closed circulation of working agent,characterized in that
in the said head (3) of the engine, next to standard inlet valve (4) and outlet valve (7)
connected hydraulically with heater (9) and cooler (10) respectively, is fitted with at least
one extra inlet valve (5), through which the cylinder interior is hydraulically connected to
cooler (10), and at least one extra outlet valve (6), through which the cylinder interior is
hydraulically connected to heater (9), furthermore, with regard to the adopted parameters
of engine operation, the function of compressor or pressure pump compressing the agent
directly before feeding it to heater (9), is performed by the same cylinder (1) capped with
head (3), with piston (2) inside.

2. The engine according to claim 1, wherein said hydraulic connection between at
least one extra inlet valve (8), located in the head (3) of cylinder (1) and cooler (10) is not
a direct one, but is effected through compression unit (18), which contains, regarding the
adopted parameters of engine operation, at least one compressor or pressure pump, at
least one cooler, and at least one compensation tank at the unit outlet to stabilise agent
pressure.

3. The engine , as according to any one of claims 1 to 2, wherein said inlet valves (4,
5, 8) and outlet valves (6, 7), all electronically controlled based on the analysis of data
supplied from pressure, position, fill and temperature sensors.

4, The engine according to any one of claims 1 to 3, wherein said engine piston (2)
fitted, regarding maximum value of cylinder (1) pressure, with at least one sealing ring
(12) which does not require lubrication.

5. The engine according to any one of claims 1 to 4, wherein said engine piston (2)
fitted with at least one guiding ring (13) which does not require lubrication.

6. The engine according to any one of claims 1 to 5, wherein the said engine piston
(2) having engraved on its side surface at least one groove (14), with a profile preventing
and inhibiting the inflow of agent to those rings, around the whole perimeter, on a section

between piston (2)'s external bottom and first sealing ring (12).
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7. The engine according to any one of claims 1 to 6, wherein the surfaces of cylinder
(1), head (3) and piston (2) being ceramic-coated or lined with ceramic insertions (15).

8. The engine according to any one of claims 1 to 7, wherein the said engine piston
(2) attached to connecting-rod by means of piston-rod (16), led through the crosshead
a7). |

9. The engine according to any one of claims 1 to 8, wherein said a counter-current
heate exchanger located in heater (9), fitted at the inlet or outlet of working agent with
compensation tank stabilising agent pressure.

10.  The engine according to any one of claims 1 to 9, wherein said a counter-current
heat exchanger located in cooler (10), fitted at the inlet or outlet of working agent with

compensation tank stabilising agent pressure.

11. A method of control of thermal multi-valves piston engine (TMPE) operation, in
which the power stroke begins when the piston is at (TDP) and its first phase is effected
' by filling of the engine cylinder, at possibly constant pressure, with heated working agent
from the heater through the standard inlet valve with the standard outlet valve closed and
then in its second phase, the stroke is continued after closur;a of said inlet valve, with
standard outlet valve still closed, by continued expansion of the working agent until the
piston reaches (BDP),and then, upon changing at (BDP) the piston's direction of
movement to the opposite direction and opening the standard outlet valve, an exhaust
stroke of agent to cooler is effected, which ends when the piston reaches (TDP),
characterized in that the isobaric filling of cylinder (1) from heater (9) during the first
phase of the working stroke, with heated agent in gaseous form, with temperature,
pressure and specific volume higher than critical for that agent.
12. A method of control according to claim 11, wherein during the working stroke -
best at the end of the stroke - an additional portion of cold, compressed working agent, in
a continuous liquid-gaseous phase and at the preselected values of pressure and
temperature, is fed, at least once, to the cylinder (1) from the compressing unit (18)
through the extra inlet valve(5), keeping the jet stream value and quantity, so that after the
final closure of said inlet valve the agent /now with increased mass/ expands
adiabatically further in cylinder (1), but following the adiabate of lower value of specific
entropy than before and such adiabatic expansion is continued until the agent reaches in

cylinder (1) the preselected values of pressure and temperature.
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13. A method of control according to any one of claims 11 to 12, wherein at the end
of the second phase of the power stroke /i.e. at the end of adiabatic expansion/, when the
cylinder pressure value is equal or nearly equal to the preselected minimum value, an
additional portion of cold, compressed working agent, in a liquid form or continuous
liquid-gaseoﬁs phase and at the preselected values of pressure and temperature
/parameters at cooler outlet/, is fed to the cylinder (1) from the cooler (10) through a next
extra inlet valve (5), at least once, keeping the jet stream value and quantity, so that after
final closure of said inlet valve and completion of power stroke, the agent /now with
increased mass/ in cylinder (1), has a lower value of specific entropy than before and
reaches preselected values of pressure and temperature.

14. A method of control according to any one of claims 11 to 13, wherein when the
power stroke ends and the piston (2) is at (BDP) and the direction of its movement
changes to the opposite, all outlet valves remain closed and the adiabatic compression
stroke. begins, which, after the opening of the first of two outlet valves (6 and 7),procceds
0 the isobaric exhaust stroke, and after closure of said valve the compression stroke is N
continued until the beginning of the second isobaric exhaust stroke, which begins after
opening the second outlet valves (6, 7) and continues until the piston (2) reaches its TDP,
wherein the sequence of outlet valves (6, 7) opening /hence relations between values of
pressure of agent exhausted to cooler (10) and to heater (9)/ and values of pressure at
which they open, are related to adopted parameters of engine operation.

15. A method of control according to any one of claims 11 to 14 wherein the working
agent being heated isobarically in heater (9) umtil reaching the preselected value of
temperature and taking gaseous form.

16. A method of control according to any one of claims 11 to 15 wherein said the
working agent being cooled isobarically in cooler (10) until reaching the preselected
value of temperature, at which point it takes, with regard to the adopted parameters of
engine operation, a liquid form or continuous liquid-gaseous phase.

17. A method of control according to any one of claims 11 to 16 wherein said the
working agent, fed isobarically from cylinder (1), through standard outlet valve (7), to
cooler (10), taken from the cooler to compression unit (18), where it is compressed and
cooled until it reaches the preselected values of pressure and temperature, and is then
stored in the vessel (19) mounted at the unit outlet.

18. A method of control according to any one of claims 11 to 17, wherein carbon

dioxide is being used as a working agent.
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