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first turbine 24 and a further turbine 26. Compressor 22 is in flow communication via a conduit 28 with a
ram air flow tube 30 for cooling pressurised air and is also divided into a further conduit 28a in
communication with a temperature control valve 32. Conduit 28 communicates the cooled pressurised air
with a heat exchanger 34, condenser 36 and water separator apparatus 38 and turbine 24. Air leaving
turbine 24 is joined with air leaving the temperature control valve 32 and flows into condenser 36 where
water is separated and passed to tube 30 to aid in spray cooling of air flowing through the tube 30. Air
leaving condenser 36 communicates with a passenger cabin 18 where it is circulated and exhausted to a
valve 46 having selectable outlets 48, 50. Outlet 48 exhausts air overboard and outlet 50 exhausts air to
turbine 26 which contributes drive power to motor 16 and then exhausted overboard. The system may
utilise two compressors (fig 2) so that lower temperature air is produced and enables a reduction in size
and weight of the cooling system. The system may be used for a vehicle and is not limited to aircraft.
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ENVIRONMENTAL CONTROL SYSTEM

The present invention relates to a system with which
to control the atmosphere breathed by people in the
confines of the cabin of a vehicle. The invention has
particular efficacy, but not necessarily restrictively,
when used in a passenger aircraft.

It 1is known, for example in published patent
specification US6,216,981, to compress ambient air so as to
heat it, then expand the heated air through a turbine so as
to maintain some of the achieved pressure, and lower the
achieved temperature. The still warm air is then passed
through a mixing valve and water separating device prior to
being passed to the passenger cabin of an associated
aircraft. The breathed air is then dumped overboard.

In the publication, the compressors and turbines are
driven by individual motors, which receive electricity from
individual generators, which in turn are powered via
connections to the main propulsion engines of the aircraft.

The known arrangement as described hereinbefore has a
drawback, in that when the aircraft is at cruise altitude,
that is when maximum pressurisation of the cabin is needed.
Consequently, the main engines must divert more energy to
the generators so as to enable the associated motors to
rotate the compressors of the environmental control system
at a greater speed. Main engine efficiency is thus reduced.

The present invention seeks to provide an improved
environmental control system for use at least in passenger
carrying aircraft.

According to the present invention an environmental
centrol system comprises rotary air compression means,
first and further rotary air expansion means and common

rctary electrical drive means connected to drive them via a
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single shaft, wherein said air compression means and said
first rotary air expansion means are connectable in flow
series to an enclosed space volume for the purpose of
pressurising it, and said further rotary air expansion
means 1is connectable to said enclosed space volume for the
purpose of receiving said pressurised air therefrom, so as
to be rotatably driven thereby in order to provide at least
some of the power needed to rotate said common electrical
drive means via said single shaft.

The invention will now be described, by way of
example and with reference to the accompanying drawings in
which:

Fig.1l 1is a diagrammatic sketch of an environmental
control system in accordance with one aspect of the present
invention, and

Fig.2 1is a diagrammatic part sketch of a further
emboaiment of an alternative environmental control system
in accordance with the present invention.

The gas generator 10 of a ducted fan gas turbine
engirne 12 includes an electrical generator (not shown)
which 1in turn is connected by a cable 14 to an electric
motor 16 for the purpose of driving it during flight of an
asscciated aircraft, only a cross sectional view of the
cabin 18 of which is shown.

A single shaft 20 connects motor 16 to a compressor
22, & first expansion turbine 24, and a further expansion
turbine 26. During operation of ducted fan gas turbine
engine 12, electric motor 16 rotates shaft 20 and causes
compressor 22 to receive and compress ambient air. The
pressure to which the air is raised, 1is that needed to
achiesve appropriate pressurising of the aircraft cabin 18,
havina regard to the altitude at which the aircraft is
flyirg. The air, heated during compression, passes via

condult 28 which enters and leaves a cooling, ram air flow
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tube 30, and then divides to provide a further conduit 28a,
which extends to a temperature control valve 32. Conduit 28
however, again enters and leaves ram air tube 30, to pass
to and through a heat exchanger 34 associated with a
condenser 36 and water separator apparatus 38. On leaving
heat exchanger 34, conduit 28 connects the compressed air
flow to the input side of turbine 24. Expansion of the air
as it passes through turbine 24 reduces its temperature,
and on exit therefrom, it joins cooled air that has passed
through temperature control valve 32, to flow therewith
into condenser 36. Any water in the Jjoined flow 1is
separated and passed via conduit 40 to ram air duct 30, at
a position upstream of conduit 28, so as to enable spraying
of conduit 28 to achieve further cooling of the air flowing
through it.

The now conditioned Jjoined air, on leaving the
condensing apparatus, passes via conduit 42, to a manifold
44 in the aircraft cabin 18, from whence it flows into the
cabin interior in known, controlled manner. At this point,
it 1s the norm to simply dump the used air overboard
through wvalves in the cabin structure. However, in the
structure described and illustrated in this specification,
a valve 46 1is provided between the cabin 18, and the
further turbine 26, which valve has two selectable outlets
48 and 50. Outlet 48 enables dumping of the used air
overboard in known manner. Outlet 50 enables direction of
the used air into and through further turbine 26 so as to
rotate 1it, and thereby contribute drive power to motor 16,
thus reducing the working load on the core gas generator
10. In the latter case, the used air can be dumped via
conduit 52 after exiting the further turbine 26.
Alternatively, the used air can be re-introduced into the
control system at some point of suitable pressure (not

shown) and re-conditioned.
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The used air will be caused to flow through turbine
26 so as to impart drive to electric motor 16, when the
assoclated aircraft is flying at cruise altitude, which, as
is known, is that period in the aircraft flight regime when
maximum cabin pressurisation is needed. Thus, as the
alrcraft «climbs to that altitude, valve 46 will be
progressively manipulated by any appropriate means (not
shown) so as to stop dumping air and start directing it to
turbine 26. Maximum pressurising thus coincides with
maximum boost drive to motor 16. When the aircraft loses
altitude on approaching its destination, the procedure is
reversed.

Valve 46 1is only diagrammatically represented. It
could be electrically actuated, or pneumatically actuated
by the changing air pressure in the pressurisation system.

It 1is wvital that the conditioned air has been
reduced to an acceptable temperature when it reaches the
interior of cabin 18. The heat is generated in the air flow
through the system at its imput end when ambient air is
compressed by compressor 22, hence the need for heat
exchanger apparatus. The greater the number of stages of
blades 1in the compressor 22, the larger the heat exchange
apparatus must Dbe to achieve the necessary cooling.
Therefor an alternative embodiment of the present invention
1s 1illustrated in Fig.2, to which reference is now made.

In Fig.2 in which parts corresponding to parts in
Fig.l are given like numbers, the system utilises two
compressors 54 and 56 on shaft 20. Each compressor 54 and
56 has fewer stages of blades than compressor 22 (Fig.1l).
Compressor 54 recelves ambient air and compresses it, then
emits it at a lower temperature and pressure than that
achieved by compressor 22 (Fig.l). The emitted air is
ducted via line 28 into and out of ram air tube 30. The now

cooled air then divides, one part entering second
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compressor 56 and the other part passing via line 28a to
temperature control valve 32. The output from compressor
56, again at a lower temperature and pressure than air
leaving compressor 22 (Fig.1l)1l via ram air tube 30 and heat
exchanger 34, passes to expansion turbine 24, the resulting
expansion cooling it further. Thereafter, it meets air from
temperature control valve 32 and the resulting mixed flow
passes to the <cabin 18 via the water separator 36 as
described hereinbefore, with respect to Fig.l.

The example of the present invention described with
respect to Fig.l provides power from pressurised air that
hitherto would be dumped to atmosphere, to supplement the
power supplied to the electric drive motor normally driven
only by an associated aircraft main engine.

The example of the present invention described with
respect to Fig.2 provides lower temperature air from a pair
of compressors prior to the cooling step, thus enabling a

reduction in size and weight of the cooling system.
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CLAIMS

1. An environmental control system comprising rotary,
ambient air compression means, first and further rotary air
expansion means, and common rotary electrical drive means
connected to drive them via a single shaft, wherein said
rotary air compression means and said first rotary air
expansion means are connectable in flow series to an
enclosed space volume for the purpose of pressurising it,
and said further rotary air expansion means 1s connectable
to said enclosed space volume for the purpose of receiving
sald pressurised air therefrom so as to be rotatably driven
thereby, 1in order to provide at least some of the power
needed to rotate said common electrical drive means via
said single shaft.

2. An environmental control system as claimed in claiml
wherein a multi directional valve is positioned between
said further rotary air expansion means and said enclosed
space volume, so as to enable selective airflow therefrom
to sald rotary air expansion means or to atmosphere.

3. Ar. environmental control system as claimed in claim 1
or c¢laim 2 wherein said compression means consists of a
single compressor that compresses ambient air and passes it
through cooling structure then in part to said first air
expans-on means and in part to and through a temperature
contro. valve, the expanded, cooled air from said expansion
means thereafter joining and mixing with air in an outlet
conduit from said temperature control valve.

4. An environmental control system as claimed in claim 1
or clam 2 wherein said compression means comprises two
compressors, one of which compresses ambient air and passes
it through cooling structure, then in part to the other
compressor and in part to and through a temperature control

valve.
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5. An environmental control system as claimed in claim 4
wherein said other compressor further compresses said
ambient air from said one compressor and, via said cooling
means, delivers it to said first air expansion means which
then delivers the expanded, and thereby further cooled air,
toc an output conduit from and downstream of @ said
temperature control valve, to mix with said air from said
one cCompressor.

6. An environmental control system as claimed in any of
claims 1 to 6 wherein all said air expansion means are
turbine structures.

7. An environmental control system as claimed in any of
claims 3 to 6 wherein said mixed air in said outlet conduit
from said temperature control valve passes via water
separation apparatus into said enclosed space volume, and
is then ejected to atmosphere or to said further expansion
means.

8. An environmental <control system substantially as
described in this specification and with reference to Fig.l
of the accompanying drawings.

9. An environmental control system substantially as
described in this specification and with reference to Fig.2
of the accompanying drawings.

10. An environmental control system as claimed in any of
claims 1 to 9 in this specification.

11. An environmental control system as claimed in claim 10

wherein the enclosed space volume comprises the cabin of an

aircraft.
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