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In an air conditioning system for an aircraft, two pre-mixing units respectively mix cold air from two air conditioning units with
recirculated fuselage interior air from two recirculation units, to prepare two pre-mixed air flows that are both directed into and
mixed together in a common air distribution mixing chamber, from which mixed air distribution lines branch off to respectively
assoclated separate air conditioning zones within the fuselage. Post-mixing units are respectively interposed Iin the mixed air
distribution lines and respectively mix additional quantities of recirculated fuselage interior air into the mixed air distribution lines.
Thereby, the admixture of recirculated air i1s divided Into at least two stages, the systerr provides redundant failure tolerant

operation, and the danger of ice formation in the air lines Is reliably prevented even while the air conditioning units provide cold air at
a temperature below the water freezing point.
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TITLE OF THE INVENTION

HIGH CAPACITY AIR CONDITIONING SYSTEM WITH REDUNDANT STAGED
RECIRCULATION AIR MIXING FOR AN AIRCRAFT

ABSTRACT OF THE DISCLOSURE

In an air conditioning system for an aircraft, two pre—-mixing
units respectively mix cold air from two air conditioning units
with recirculated fuselage interior air from two recirculation
units, to prepare two pre-mixed air flows that are both directed
into and mixed together in a common air distribution mlxXing
chamber, from which mixed air distribution lines branch off to
respectively associated separate air conditioning zones within
the fuselage. Post-mixing units are respectively interposed in
the mixed air distribution lines and respectively mix additional
quantities of recirculated fuselage interior air into the mixed
alr distribution lines. Thereby, the admixture of recirculated
alr 1s divided into at least two stages, the system provides
redundant failure tolerant operation, and the danger of 1ice
formation in the air lines is reliably prevented even while the

alr conditioning units provide cold air at a temperature below

the water freezing point.
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FIELD OF THE INVENTION

The 1nvention relates to a high capacity air conditioning system
especially for a passenger transport aircraft, having a redundant

and multi-staged admixing of recirculation air to serve several

BACKGROUND INFORMATION

ger cabin spaces in commercial passenger transport aircraft. To
achieve this, highly compressed engine bleed air is tapped from
the engines, and supplied into one or more alr conditioning units
(€.g. so—-called air conditioning packs) where the high pressure
alr is expanded to an appropriate pressure for introduction into
the pressurized aircraft fuselage and also cooled to g lower

temperature. Then, the cooled air with an appropriate pressure

Due to the large thermal load of the passengers, lighting, etc.
within the Passenger cabin air conditioning zones, it is gener-—
ally necessary to cool the incoming supplied air very consider-
ably in the air conditioning units to provide a sufficient cool-

ing capacity. Thereby, the air temperature very often reaches

low temperatures far below the freezing point of water. The

€xXternal atmospheric fresh air, which is supplied into the air
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conditioning system in the form of engine bleed air, has a suffi-
ciently high moisture content, especially at lower altitudes in
the atmosphere, so that this moisture will be condensed out of
the air and frozen in the form of ice, frost or snow, when the

alr 1s cooled to very cold temperatures in the air conditioning

unit.

For this reason, it is necessary to protect the air duct system
connected downstream of the respective air conditioning unit from
the danger of such snow, frost and jice accumulating therein, i.e.

by preventing the lce-forming conditions. This is important,

alr duct, or can lead to the formation of loose snow and jice
deposits that travel through the duct system with the air flowling
therethrough, until they reach a warmer location and melt,
thereby causing uncontrollable liquid puddling and/or leaks. In
elther case, and especially if a duct blockage reduces or totally

stops the supply of fresh air to the passenger cabin air condi-

tioning zones, this will lead to discomfort or health risks for

the passengers.

For the above reasons, it is generally required in the field to
avold the danger of ice formation 1n air conditioning systems in

aircraft, by various conceptual solutions to this problem. Vari-
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conditioning packs above the freezing point. In that case,

however, in order to provide the required total cooling capacity

Moreover, in order to achieve comfortable passenger alr condi-
tioning zone inlet temperatures and sufficiently high ventilation
properties, it is typical to mix recirculated passenger cabin air
(Oor generally fuselage interior alr) with a corresponding quan-
tity of the cooled air. Such a measure 1s generally known as
"alr recirculation". Such a solution is realized in the Airbus
A300-600 and A310 aircraft, which, however, consumes an undesir-
ably high quantity of engine bleed air for cooling the passenger
alr conditioning zones, since the degree of cooling of the air
in the air conditioning units is limited to remain above the

freezing point. Thus, the fuel consumption of the engines is

undesirably increased.

The Boeing B747 aircraft also realizes or embodies the above
discussed solution. In that alrcraft, however, the air condi-
tioning system attempts to raise the temperature of the cooling

alr by mixing cold air and recirculation air in a first
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stages. However, the danger of ice accumulation with the associ-

Oof the air distribution stage. This is true for both normal

operation as well as failure or fault mode operation.

In the event of a failure of one recirculation unit, the supply

Of alr provided by the stlll-operable second recirculation unit

unit. Moreover, in this context, the air conditioning unit
outlet temperature remains limited to above the freezing point,
just as in the above discussed Airbus A300-600 and A310 aircraft.
In order to compensate for the loss of cooling enerqgy, the only

solutlon is to increase the mass flow of energy-rich engine bleed

air, which leads to an increased fuel consumption.

Efforts have been made to avoid this above mentioned disadvantage

in the Airbus A340 and A320 aircraft, in that the entire coolilng

and recirculation air is collected Or pooled together in a common

mixing unit. In that manner,

In view of the above described conceptual basis, it is apparent

that 1icing of the cooling air supply ducts within the pressurized

fuselage will not be avolded,

in order to optimally con-
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figure and embody the mixing process. Moreover, a residual
danger of icing in areas of air flow separation still remains and

cannot be completely excluded. A further disadvantage is that

Sseparate zones.

As a further development, the Boeing B777 aircraft to some extent
realizes a combination of the systems of the Boeing B747 and the

Alrbus A340/A320 aircraft. Namely, the Boeing B777 aircraft uses

quired ventilation and comfort properties, a further constant
recirculation air quantity is locally admixed into the previously
mixed air described above. However, the second cool air supply
without the recirculation air admixing suffers the above men—
tioned disadvantages of duct 1cing, or more directly the resul-
tant temperature limitations of the air and the associated coo]-
ing energy losses that are necessary for avoiding duct icing.
Also 1in the event of g failure of the recirculation alr admixing

into the cooling air supply, both cooling air Supply ailr tempera-
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Furthermore, U. S. Patent 4,517,813 discloses an air conditioning

ger aircraft, for example the cockpit or flight deck, a forward
passenger cabilin or zone, and an aft passenger cablin or zone.
Thls manifold serves to mix the air quantities that are supplied
into the manifold, while simultaneously separating any water or
moisture out of the humid supply air, presumably also in order
to avoild ice formation or ice accumulation Or the transformation

of alr moisture into snow crystals. However, it appears that

lines of a complex high capacity air conditioning system. Par-
ticularly, no Suggestions and no motivations toward the present

invention of the present application would have been provided by

the above-mentioned U. S. Patent.
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SUMMARY OF THE INVENTION

Of recirculation air in connection with the operation of a high

tion further aims to avoid or overcome the disadvantages of the

prior art, and to achieve additional advantages, as apparent from

the present specification.

The above objects have been achleved according to the invention

respective passenger cabin zone (€.9. a first class cabin zone
Versus an economy cabin zone), which are to be separately or
individually supplied with air conditioning air, for example
having different temperatures, different air flow rates, differ-
ent ratios of fresh ajir relative to recirculation alr, or the
like. Further, throughout this specification, the term "air

line" and the term ‘alr duct" are each intended to cover any type



10

15

20

25

CA 02340301 2001-03-08

Oof passage for conveyling an air flow therethrough, including

ducts, pipes, hoses, air shafts, channels, and the like.

The air conditioning System according to the invention comprises
at least two air conditioning units which respectively receive
high pressure air that contains water vapor, and which respec-
tively expand and cool the supplied air to temperatures below the
freezing point of water. The air conditioning system further
includes at least two pre-mixing units arranged 1n the aircraft
fuselage, whereby a respective individual pre-mixing unit is
directly individually connected downstream to each one of the air
conditioning units. A respective recirculation unit is further

connected to each pre-mixing unit to supply a recirculation air

alr) into the pre-mixing unit. The quantity of recirculation air
provided by each respective recirculation unit to the connected
Pre-mixing unit is variable and controllable to provide the

proper mixture of recirculation air and ailr conditioning pack

alr.

of this collected pre-mixed air to several respective air distri-

connected to an after-mixing or post-mixing unit, to which fur—

ther a recirculation supply 1line from at least one local

recirculation unit is connected. Thereby, an additional variable
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controllable quantity of recirculation air drawn from fuselage
interior spaces is respectively admixed into the air provided
from the air distribution mixing chamber, separately for each
respective air conditioning zone, i.e. with a separately adjust-
able or variable admixing ratio for each individual air condil-—-
tioning zone. The respective total mixed air provided by each

post-mixing unit respectively, is then supplied into the respec-

tive associated air conditioning zone.

With the above arrangement, the present inventive air condition-
ing system allows the air conditioning pack air provided at the
outlets of the air conditioning units to be cooled to low temper—
atures below the freezing point of water, so as to achieve a high
cooling capacity, while nonetheless preventing the formation of
1ce, frost or snow in the air condlitioning system, due to the
admixing of recirculated fuselage interior air in respective
pre-mixing units connected directly downstream to the outlets of
the air conditioning units. The pre-mixing units preferably mix

just enough recirculation air into the 1ncoming cold air to raise

Thereby, icing conditions are reliably prevented throughout the
alr conditioning System, while maintaining the highest possible
cooling capacity, smallest possible duct and mixing chamber sizes

upstream of the final post-mixing units, and the highest degree

flow rate, fresh air proportion, etc.) required for a particular

alr conditioning zone.
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Furthermore, the present inventive air conditioning system pro-
vides redundancy and thus fault tolerant operation, by collecting
and pooling together the pre-mixed air flow from at least two
pre-mixing units respectively cooperating with at least two air
conditioning wunits, while distributing the pre-mixed air as
required to all of the separate air conditioning zones. Thus,
ln the event of the failure of one of the pre-mixing units and/or
one of the air conditioning units, the remaining available air
conditioning unit and pre-mixing unit will still provide
pre-mixed air into the air distribution mixing chamber, which in
turn will distribute the air to all of the necessary individual
alr conditioning zones. In such a fault tolerant or emergency
operating mode, the maximum available total cooling capacity will
be less than the maximum full capacity achieved when all air
conditioning units are operating, but cooling air will still be
supplied to all necessary air conditioning zones, and the outlet
temperature of one or more remaining operational air conditioning
units can be reduced to help compensate for the loss of maximum

alr conditioning capacity, while still avolding the dangers of

1ce formation.

As another advantage, the present 1inventive air conditioning
System achieves an individualized control and mixing ratio of
recirculated fuselage interior air for each respective individual
alr conditioning zone, despite the common pooling of the supply
alr in the air distribution mixing chamber. This is achieved by

the post-mixing units that are individually interposed in the
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different zones can have different ratios of recirculated air,

different temperatures, or the like.

All of the above advantages are achieved together and simulta-

neously 1n a unified air conditioning system according to the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

DETATILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND OF THE
BEST MODE OF THE INVENTION

Developing further from the above described conventional consid-
erations or solutions for addressing the problem of lcing in air

ducts or air lines of air conditioning systems in alrcraft, the

stream of the point at which each cooling air supply line pene-
trates into the pressurized fuselage of the aircraft, Namely,
the invention provides an lnitial or preliminary pre-mixing of

warm recirculated fuselage interior air with the cold air pro-
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vided by the respective air conditioning unit in order to reli-
ably prevent ice formation in all air conditioning system compo-
nents and particularly all air lines downstream of the lnitial
pre-mixing unit, at all possible temperatures of the cooling air

provided at the outlet of the respective air conditioning unit.

At this initial pre-mixing stage, the quantity of recirculated
fuselage interior air is varlably controlled and limited to the
minimum recirculation air quantity required for avoiding l1cing
conditions in the air lines. Thereafter, a respective additional
variable quantity of recirculated air is admixed into the air
flow, as separately required for each individual alr conditioning
z2one, so as to provide the respectively required total air flow
characteristics for the respective zones to achieve the pre-
scribed ventilation and comfort properties (e.g. the air flow

veloclity and the temperature distribution) in the respective air

conditioning 2zones.

The single drawing Figure schematically shows a representative
block circuit diagram of the basic construction of a high capac-
1ty air conditioning system according to the invention. At least
two air conditioning units 2 are arranged outside of the pressur-

1zed fuselage 20 of the aircraft, and are each respectively

stages of the main aircraft engines, or an auxlliary power unit
(APU) engine, or ground-based high pressure air sources. The air
conditioning units 2 eéxpand and cool the high pressure air to a

preéssure level that is suitable or appropriate for introducing

- mpm=gasda “hee o) wom o @ BN (LRI VN TR A AR, 1 Ok L Moy €14 SN I W DD, S Ea EUL AT EETRA S TN
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into the pressurized fuselage 20, and a temperature level that

1s sufficiently cold, and particularly below the freezing point

of water, to achieve the required total cooling capacity.

particularly into respective pre-mixing units 3 that are individ-
ually connected by the lines 71 to the 1ndividual air condition-
ing units 2. Each one of these pre-mixing units 3 respectively
comprises a junction of air lines or alr ducts, or a spiral
housing of a respective turbomachine with or without an air

injector nozzle, which has the effect and function of mixing

fan or blower, as well as a one-way valve and an air cleaning

element such as an air filter, is connected by a respective

recirculation air line 73 to each respective one of +the

pre-mixing units 3. Thereby, the recirculation units 4 supply

fuselage interior air 30, e.g. used passenger cabilin air that is
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catlion with the cabin exhaust air. Generally, recirculation air

ducts or the like are considered as being included in the term

"fuselage interior space".

flecessary to raise the temperature of the resulting pre-mixed air
output by the pre-mixing units 3 to above the freezing point of

water. Particularly, the minimum possible quantity of recircu-

units 3 to achieve the desired temperature level (e.g. 1°C above

stream of the pre-mixing units 3. Thereby, in operation, vari-

able pre-mixed air quantities will be output by the respective

pre-mixing units 3.

To achieve the fault tolerance and redundancy of the present
inventive system as described herein, the system 1ncludes at

least two air conditioning units 2, and at least two separate

third pre-mixing unit 3, which also receives recirculated fuse-

lage interior air 30 from a third recirculation unit 4.

In any event, the pre-mixed air from all of the pre-mixing units

3 1s provided through respective pre-mixed air supply lines 72
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into a common air distribution mixing chamber 6, in which all of
the separate flows of pre-mixed supply air are further mixed and
pooled together in a common plenum chamber space, with or without
additional air mixing or air directing components therein. Also,
as shown by dashed lines in the drawing Figure, an additional
quantity of recirculated fuselage interior air 30 can be supplied
by another recirculation unit 4 directly into the air distribu-
tion mixing chamber 6, to be mixed and pooled together with the

pre-mixed air therein. The pre-mixed air supply lines 72 may be

distribution mixing chamber 6, or may be joined together before
being connected to a single common inlet of the mixing chamber
6. Eilther of these alternatives is considered an equivalent of
the other, and both are covered by any disclosure relating to

separate inlets of the mixing chamber 6. A similar consideration

conditioning zones 11 within the pressurized fuselage 20. For
eXample, the individual air conditioning zones 11 may 1include a
cockpit or flight deck zone, at least one first class cabin zone,

at least one economy cabin zone, and/or at least one freight

compartment zone, or the like. These Seéparate zones are to be

with different ratios of recirculated air relative to fresh air.

Therefore, each zone requlres a separate individualized supply
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Respective individual local POsSt-mixing units 40 are individually
connected downstream to the several respective mixed air distri-

bution lines 7. A local recirculation unit 5 is connected by a

to each one of the post-mixing units 40. To achieve this, each

such as an air valve of any known type, or a spiral housing

preferably with a variable adjustable air lnjection nozzle

Particularly, depending on the needs of each respective individ-

1nto the respective individual post-mixing unit 490. This 1is
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air—conditioning zone 11, 1.e. connected to this air conditioning

zone 11 by the respective zone air supply line 9, will admix the

10

15

20

25

certain time, the used cabin air is exhausted out of the respec-—

tive cabin zone 11 through a respective associated cabin zone

exhaust opening into an exhaust alir duct or into a space within

the pressurized fuselage 20. A portion of this air becomes the

fuselage inte-

rlor space passes through the exhaust air line 21 and then
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According to further detailed features of the invention, each air

supplied by this air conditioning unit 2, in any generally known
manner using any generally known components. Similarly, the
recirculation units 4 and 5 are variable and requlatable as to
the air quantity to be recirculated thereby. As a further fea-

ture or alternative, the inlets of the mixing units connected to

valves, gates, flap doors or the like. These features can be

achieved by any known mechanisms and methods.

As mentioned above, the inventive alr conditioning system has a
redundant operation pbroperty to provide a failure satety mode.

Namely, the alr-conditioning system includes at least two inde-

ually connected at the outlets thereof to two pre-mixing units

3. A respective recirculation unit 4 is individually connected

to each respective one of the pre-mixing units 3.
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possible, i.e. to the maximum capacity limit of the operating air

conditioning unit 2) . Simultaneously,

connected to the operating air conditioning

to the extent necessary,

function, ji.e.

even though the cold air is now beling provided at a significantly

lower temperature.

.o . . Ter g e, - o) BNV R R s L AN el
! R P IO T R PR LT Tepey lmnmwmmmtmﬂmmh.Mmen '



10

15

CA 02340301 2001-03-08

1t will be appreciated that it is

lnten 1 £ '
ded to cover all] modifications and €quilvalents within the

SCope of the appended claims.,
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows.

1. In a passenger aircraft including a pressurized fuselage
having fuselage interior air therein, at least one source of high
pressure alr, an ailr conditioning system connected to said at
least one source so as to receive high pressure alr therefrom,
plural alir conditioning zones in said fuselage connected to said
alr conditioning system to receive air conditioning air
therefrom, and a pressure relief device arranged and adapted to
exhaust some of said fuselage interior air out of said fuselage,

an 1lmprovement in said air conditioning system comprising:

first air conditioning means connected to at least one of
sald at least one source of high pressure air for recelving,
cooling and expanding said high pressure air to provide first
cold ailr having a first cold air temperature below a freezing
point of water;

second alr conditioning means connected to at least one of
sald at least one source of high pressure air for receiving,
cooling and expanding said high pressure air to provide second
cold alr having a second cold air temperature below a freezing
point of water;

first recirculation means for receiving some of said
fuselage interior air and providing therefrom first recirculation
alr;

second recirculation means for receiving some of said

fuselage interior air and providing therefrom second recircula-

tion air;

s . . M FAANPINLAT AT\ SN e 7o 0 o 07 = e e =t
. g P : nidfig 2 i da T g Sip- MR AT A MR 25 e LG Vel kS0 56 AT iR
Vil S L b R 0 3000 AN L 1 LR A T A TN S A B Yl ¢ s e R s b i) ] e LAY A Gl W i | ) i s ¢ Lachuaiiall Aoy A



i~
~.

[~
e

()
N

40

41

47

43

44

}__l

()

("

6

: ' RS In D I g CANTD Lt by R AT I Pt S T AT AR o LA SN TR

CA 02340301 2001-03-08

first pre-mixing means for recelving and mixing together
sald first cold air and said first recirculation air to provide
first pre-mixed air having a first pre-mixed air temperature
above a freezing point of water:;

second pre—mixing means for recelving and mixing together
sald second cold air and said second recirculation air to provide
second pre-mixed air having a second pre-mixed alr temperature
above a freezing point of water;

alr distribution mixing means for recelving and mixing
together said first pre-mixed air and said second pre-mixed air
to provide common pooled air;

local recirculation means for recelving some of said
fuselage interior air and providing therefrom local recirculation
air;

first local post-mixing means for recelving and mixing
together some of said common pooled air and at least some of said
local recirculation air, and providing therefrom first zone
supply alr into a first one of said air conditioning zones; and

second local post-mixing means for recelving and mixing
together some of said common pooled air and at least some of sald
local recirculation air, and providing therefrom second 2zone

supply alr into a second one of said air conditioning zones.

2. In a passenger aircraft including a pressurized fuselage,
at least one source of high pressure alr, an air conditioning
System connected to said at least one Ssource so as to receive
high pressure air therefrom, plural air conditioning 2zones in
sald fuselage connected to said air conditioning system to

recelve air conditioning air therefrom, and a pressure relief
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device adapted to exhaust some of said fuselage interior air out

of said fuselage,

an lmprovement in said air conditioning system comprising:

first and second air conditioning wunits that each
respectively have a respective high pressure air inlet connected
to said at least one source so as to receive high pressure air
therefrom, and a respective cold air outlet at which said air
conditioning units are respectively adapted to provide cold air
having a temperature below a freezing point of water;

first and second pre-mixing units that are arranged inside
salid fuselage, and that each respectively have a respective cold
alr inlet connected respectively individually to a respective one
of saild cold air outlets of said first and second air
conditioning units, a respective recirculation air inlet, and a
respective pre-mixed alr outlet providing pre-mixed air having
a temperature above a freezing point of water;

first and second recirculation units that are arranged
inside sald fuselage and that each respectively have a respective
fuselage i1nterior air inlet which communicates with and receives
a portion of said fuselage interior air, and a respective
recirculation air outlet connected respectively individually to
a respective one of said recirculation air inlets of said first
and second pre-—-mixing units;

an alr distribution mixing chamber connected in common to
sald pre—-mixed air outlets of said first and second pre-mixing
units, and having first and second common pooled air outlets;

at least one local recirculation unit that is arranged in

sald fuselage and has an inlet which communicates with and
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receives a portion of said fuselage interior air and provides

therefrom local recirculation alr; and

first and second local post-mixing units that are arranged

distribution mixing chamber, a respective local recirculation air
inlet connected to at least one of said at least one local
recirculation unit, and a respective final mixed air zone supply
outlet connected respectively individually into a respective one

of said first and second zones of said plural air conditioning

z0nes.,

second ailr conditioning zones therein, at least one source of
high pressure air, and an air conditioning system that is
connected to said at least one source so as to receive high
pressure alr therefrom and that is connected to said first and
second alr conditioning zones so as to provide air conditioning
alr thereto,

an improvement in said air conditioning system comprising:

a first air conditioning unit having an air inlet connected
to said at least one source of high pressure air and having a
cold air outlet;

& second alr conditioning unit having an air inlet

connected to said at least one source of high pressure air and

having a cold air outlet:
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a first recirculation unit having an air inlet communicating
with said fuselage interior space and having an air outlet;

a second recilrculation unit having an air inlet
communicating with said fuselage interior space and having an air
outlet;

a first pre-mixing unit having a cold air inlet connected
to said cold air outlet of said first air condltioning unit,
another air inlet connected to said air outlet of said first
recirculation unit, and an air outlet communicating with both of
sald air inlets of said first pre-mixing unit;

a second pre-mixing unit having a cold air inlet connected
to sald cold air outlet of said second air conditioning unit,
another ailr inlet connected to said air outlet of said second
recirculation unit, and an air outlet communicating with both of
sald air inlets of said second pre-mixing unit;

an air distribution mixing chamber having a first air inlet
connected to said air outlet of said first pre-mixing unit, a
second alr inlet connected to said air outlet of sald second

pre-mixing unit, and first and second air outlets that each

having at least one air outlet;

a first local post-mixing unit having an air inlet connected
to saild first air outlet of said air distribution mixing chamber,
another air inlet connected to at least one saild air outlet of

sald at least one local recirculation unit, and an air outlet
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local post-mixing unit and that is connected to said first air
conditioning zone; and

a second local post-mixing unit having an air inlet
connected to saild second air outlet of said air distribution
mixing chamber, another air inlet connected to at least one said
alr outlet of said at least one local recirculation unit, and an
alr outlet that communicates with both of said air inlets of said

second local post-mixing unit and that is connected to said

second alr conditioning zone.

4. The lmprovement in said air conditioning system according
to claim 3, wherein said first and second air conditioning zones
respectively have different temperatures, different air flow
rates, or different proportional ratios of fresh outside air and
recirculated air in said air conditioning air, and wherein said
first and second 1local post-mixing units each respectively
include a variable air flow control device that variably controls
a mixing ratio of recirculated air provided by said at least one
local recirculation unit relative to common pooled pre-mixed air

provided by said air distribution mixing chamber.

5. The 1mprovement in said air conditioning system according
to claim 3, wherein said first and second air conditioning units
are each respectively adapted and controlled +to provide
respective cold air having a temperature below a freezing point
of water at said cold air outlets thereof, and wherein said first
and second pre-mixing units and said first and second
recirculation units are adapted and controlled to provide a

respective variable pre-mixing ratio of said cold air and
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recirculation air from said fuselage interior space respectively
1in each of said first and second pre-mixing units so as to
provide respective pre-mixed alr having a temperature above a
freezing point of water respectively at saild alr outlets of said

first and second pre—-mixing units.

6. The 1mprovement 1in sald air conditioning system according
to claim 5, wherein said first and second pre-mixing units and
sald first and second recirculation units are adapted and
controlled variably so that said temperature of said respective
pre-mixed alr 1s not more than 1°C above the freezing point of

water.

7. The 1mprovement in said air conditioning system according
to claim 3, wherein said cold air inlets of said first and second
pre-mixing units are respectively connected directly to said cold
alr outlets of said first and second air conditioning units by
respective air lines with no other devices and no other air

handling units interposed therebetween.

8. The 1mprovement in said air conditioning system according
to claim 7, wherein said first and second air conditioning units
are respectively arranged outside of said pressurized fuselage,
and sald first and second pre-mixing units are respectively

arranged immediately inside said pressurized fuselage.

9. The 1mprovement in said air conditioning system
according to claim 3, further comprising another recirculation

unit having an air inlet communicating with said fuselage
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interior space and an air outlet connected and communicating

directly into said air distribution mixing chamber.

10. The improvement in said air condlitioning system

according to «claim 3, wherein said at least one local

connected to both said first and second local post-mixing units

by a common local recirculation supply line interconnected

therebetween.

11. The 1improvement in said air conditioning system
according to claim 3, wherein said aircraft further 1ncludes
cabin divider walls respectively enclosing and separating said
alr conditioning zones from each other, wherein said divider
walls have exhaust openings therein which communicate from said
alr conditioning zones directly or indirectly to a remainder of

sald fuselage interior space with which said air inlets of said

recirculation units are in communication.

12. The improvement in said air conditioning system
according to claim 3, further comprising a pressure regulating
exhaust valve arrangement communicating through said pressurized

fuselage from said fuselage interior space to an external

environment outside of said pressurized fuselage.

13. The improvement in said air conditioning system

according to claim 3, wherein each one of said recirculation
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14. The 1mprovement 1n sald air conditioning system
according to claim 13, wherein each one of said recirculation
units respectively further comprises a speed-regulated blower and

a one—way non-return alr valve.

15. The 1mprovement 1in sald air conditioning system
according to claim 3, wherein each one of said pre-mixing units

comprises an assembly of air duct junction components.

16. The 1improvement 1n sald ailr conditioning system
according to claim 3, wherein each one of said pre-mixing units

comprises a turbo-machine spiral housing with an integrated air

injector nozzle.

17. The 1mprovement 1in said air conditioning system
according to claim 3, wherein each one of said pre-mixing units

comprises a turbo-machine spiral housing without an integrated

alr injector nozzle.

18. The 1mprovement in said air conditioning system
according to claim 3, wherein said air distribution mixing
chamber comprises a housing enclosing a plenum chamber space

therein and at least one air flow influencing device therein.

19. The 1improvement in said air conditioning system
according to claim 3, wherein each one of sald post-mixing units

respectively comprises an assembly of air duct junction

components.
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20. The 1mprovement 1n saild air conditionling system
according to claim 3, wherein each one of said post—-mixing units
comprises a turbo-machine spiliral housing with an integrated air

injector nozzle.

21. The 1mprovement 1n sald alr conditlioning system
according to claim 3, wherein each one of said post-mixing units
comprises a turbo-machine spiral housing without an integrated

alr 1njector nozzle.

22. The 1mprovement 1n said air conditioning system
according to claim 3, wherein each one of said air conditioning
units respectively comprises an air cycle machine adapted to

carry out a thermodynamic compression-expansion cycle with

intercooling.

23. The 1mprovement in said air conditioning system
according to claim 22, wherein each one of said air conditioning

units respectively further comprises a water separator.

24. The 1mprovement in said air conditioning system
according to claim 22, wherein each one of said air conditioning
units respectively further comprises a speed regulated blower

which regulates a quantity flow of cold air provided at said cold

alr outlet.

25. The 1mprovement in said air conditioning system
according to claim 22, wherein each one of said air conditioning

units respectively further comprises a controllable air cooling
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element adapted to control a temperature of cold air provided at

(.71

sald cold air outlet.
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