
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
46

4 
57

5
A

1
*EP001464575A1*
(11) EP 1 464 575 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
06.10.2004 Bulletin 2004/41

(21) Application number: 04251990.0

(22) Date of filing: 01.04.2004

(51) Int Cl.7: B64D 13/06

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PL PT RO SE SI SK TR
Designated Extension States:
AL HR LT LV MK

(30) Priority: 01.04.2003 US 405099

(71) Applicant: Hamilton Sundstrand Corporation
Windsor Locks, CT 06096-1010 (US)

(72) Inventors:
• Army, Donald E Jr

Enfield, Connecticut 06096 (US)
• Christians, Douglas L

Vernon, Connecticut 06066 (US)
• Peacos III, Frederick

Ellington, Connecticut 06029 (US)

(74) Representative: Leckey, David H.
Frank B. Dehn & Co.,
179 Queen Victoria Street
London EV4V 4EL (GB)

(54) Air generation unit

(57) An air generation unit (10) includes first and
second air cycle machines (ACMs) (16, 18), each hav-
ing first and second turbines (24, 26). A manifold (48) is
arranged between the first and second ACMs (16, 18)
and is in fluid communication with each of the first and
second turbines (24, 26) of the first and second ACMs
(16, 18). A condenser (44) is arranged between the AC-
Ms (16, 18) and is in fluid communication with the man-

ifold (48). First and second valves (102, 104) are dis-
posed within the manifold (48) and control flow of air be-
tween the turbines (24, 26) and the condenser (44). An
actuator assembly (108) is connected to the valves
(102, 104) for moving the valves (102, 104) between a
plurality of positions. The valves (102, 104) selectively
close off or prevent the flow of air from the turbines (24,
26) of one of the ACMs (16, 18) in the event that the
ACM (16, 18) is not needed or malfunctions.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to an air generation unit
(AGU) suitable for an aircraft, and more particularly, the
invention relates to a pack and a half air generation unit
configuration utilizing two air cycle machines (ACM) with
each preferably having two turbines.
[0002] AGUs typically include at least one ACM and
at least one heat exchanger that receives air from a
pressurized air source, such as bleed air from an en-
gine, to provide cooled air to the aircraft cabin and cock-
pit. The AGUs may be packaged within the wings and/
or tail section of the aircraft. Accordingly, it is desirable
to provide an AGU having a very small package to limit
the amount of aircraft structure that must be removed to
accommodate the AGU. Furthermore, the AGU must
provide sufficient cooling for the size of the aircraft.
[0003] A pack and a half AGU has been developed
for use in a first prior art system in which two ACMs
share a common heat exchanger. The pack and a half
configuration provides increased cooling and smaller
packaging than two separate AGUs each having their
own heat exchanger. The system utilizes a three wheel
air cycle machine having a fan, a compressor, and a sin-
gle turbine.
[0004] The prior art AGU includes a heat exchanger
having primary and secondary heat exchangers. Bleed
air is taken from an intermediate or high pressure stage
of a turbine engine. The bleed air is pre-cooled within
the primary heat exchanger with the heat being rejected
to ram air and then communicated to the compressor of
the ACM. After compression, the air is communicated
through a secondary heat exchanger to a condenser.
Condensed water vapor is extracted by a water collec-
tor, and the dehumidifier air is sent to turbine where the
air is expanded to generate cold air. The cold air is sent
to a mixer and to a distribution system in the aircraft.
[0005] A second prior, art system utilizes AGUs with
a single ACM and single heat exchanger. The system is
a four wheel configuration that includes a fan, a com-
pressor, and first and second turbines. The operation of
the AGU is similar to the first prior art system AGU, but
the second turbine receives the cold air from the first
turbine and further expands the cold air to produce sub-
freezing air. The second turbine produces air sufficient
to cool larger aircrafts.
[0006] Very large commercial aircrafts are being de-
veloped capable of carrying up to 1,000 passengers or
more. These large aircraft require AGUs capable of pro-
ducing very cold temperatures. However, the design
constraints for the aircraft require very small packaging
with very high reliability. The first prior art system AGU
configuration produces conditioned air that is not suffi-
ciently cold for such a large aircraft. The second prior
art system AGU configuration provides sufficiently cold
air, however, up to four or more AGUs would be required

for such a large aircraft, which would necessitate remov-
ing significant aircraft structure and would significantly
increase weight.
[0007] The pack and a half configuration of the first
prior art system utilizes solenoid valves external to the
manifold to control the flow of air from the turbines to
the manifold, which distributes air to and from the con-
denser. In the event that one of the ACMs is not needed
or is malfunctioning, the unwanted ACM is shut down or
idled. A dedicated solenoid valve is closed to prevent
leakage from the turbine of the unwanted ACM, which
would result in large operating inefficiencies. According-
ly, each turbine in a prior AGU has a solenoid associated
with it. Hoses and band clamps connect each of the so-
lenoids to the manifold in the AGU Moreover, numerous
wires are used to connect each of the solenoids to a
controller. As a result, with prior art AGUs, the number
of components greatly increases as the number of tur-
bines in an AGU increases resulting in higher costs and
reduced reliability.
[0008] Therefore, what is needed is an improved AGU
having a small package, increased reliability, and suffi-
ciently cold air for the needs of a large air craft.

SUMMARY OF THE INVENTION AND ADVANTAGES

[0009] The present invention provides an air genera-
tion unit including first and second air cycle machines
(ACMs), each having first and second turbines. A man-
ifold is arranged between the first and second ACMs and
is in fluid communication with each of the first and sec-
ond turbines of the first and second ACMs. A condenser
is arranged between the ACMs and is in fluid communi-
cation with the manifold. First and second valves are dis-
posed within the manifold and control flow of air between
the turbines and the condenser. An actuator assembly
is connected to the valves for moving the valves be-
tween a plurality of positions. The valves selectively
close off or prevent the flow of air from the turbines of
one of the ACMs in the event that the ACM is not needed
or malfunctions.
[0010] Accordingly, the above invention provides an
improved AGU having a small package, increased reli-
ability, and sufficiently cooled air for the needs of a large
aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other advantages of the present invention can
be understood by reference to the following detailed de-
scription when considered in connection with the ac-
companying drawings wherein:

Figure 1 is a front perspective view of the present
invention AGU;
Figure 2 is a side elevational view of the AGU shown
in Figure 1;
Figure 3 is a bottom perspective view of the oppos-
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ing side of the AGU shown in Figure 2;
Figure 4 is an enlarged perspective view depicting
the mounts between the heat exchanger and ACMs;
Figure 5 is a side exploded perspective view of a
present invention AGU;
Figure 6 is a schematic view of the present invention
AGU,
Figure 7 is a schematic view of the present invention
manifold;
Figure 8 is a cross-sectional view through the
present invention manifold;
Figure 9A is a side perspective view of the present
invention manifold with a portion of the housing bro-
ken away; and
Figure 9B is a perspective view of the other side of
the manifold shown in Figure 9A with a portion of
the housing broken away

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0012] An air generation unit (AGU) 10 is shown in
Figures 1-3. The AGU 10 receives pressurized air from
an intermediate or high pressure stage of an engi ne 12
through a bleed valve 14. The pressurized air is condi-
tioned by the AGU 10 to provide conditioned air to the
aircraft.
[0013] The present invention AGU 10 includes first 16
and second 18 air cycle machines (ACM). The present
invention ACMs 16 and 18 are a four wheel configura-
tion including a fan 20, a compressor 22, and first 24
and second 26 turbines. The ACMs 16 and 18 are me-
chanically mounted to a shared or common heat ex-
changer 28, which is mounted to the aircraft frame. A
ram air inlet header 30 pr ovides ram air to the heat ex-
changer 28 with the ram air exiting the heat exchanger
28 through ram air outlet header 32 and ram outlets 34.
The fan 20 helps to draw the air through the headers 30
and 32.
[0014] As best shown in Figure 1, the ram air enters
the header 30 along a path I The ram air passes through
the heat exchanger 28 in a ram air flow path R, which is
transverse to the path I defined by the inlet header 30.
Referring now to Figure 2, the heat exchanger 28 in-
cludes primary 36 and secondary 38 heat exchangers.
The primary heat exchanger 36 is an air-to-air heat ex-
changer that cools the bleed air from the engine 12 prior
to being compressed by the compressor 22. The sec-
ondary heat exchanger 38 cools the compressed air
from the compressor 22 prior to being sent to the tur-
bines 24 and 26 for expansion and further cooling. The
heat exchanger 28 is divided into first 40 and second 42
heat exchanger portions in the no flow direction to re-
duce the thermal stress on the heat exchanger 28, which
is the structural back bone of the AGU 10. Specifically,
the flow direction is indicated by the path I through the
ram air inlet header 30. Dividing the heat exchanger 28
along the direction of the path I reduces the thermal

stresses on the heat exchanger 28 based upon mathe-
matical models. However, splitting the heat exchanger
28 in the direction of the ram air flow R as it passes
through the heat exchanger 28 has a less beneficial ef-
fect on the thermal stresses of the heat exchanger. The
reduced thermal str ess achieved by the split heat ex-
changer 28 extends the life of the heat exchanger 28
and AGU 10.
[0015] The condenser 44 is arranged between the
first 40 and second 42 heat exchanger portions so that
the condenser 44 may be shared by the ACM 16 and
18. The condenser 44 generates water vapor capable
of being collected by the water collector 46 to dehumidify
the air received from the secondary heat exchanger 38.
The water collector 46 is positioned beneath the con-
denser 44 to provide more efficient collection of water
vapor by taking advantage of gravity. The condenser 44
and collector 46 are arranged centrally between the
ACM 16 and 18. A manifold 48 may be mounted be-
tween the condenser 44 and water collector 46 to pro-
vide an efficient centralized connection between the AC-
Ms 16 and 18, and other components of the AGU. As a
result, many hoses and couplings may be integrated into
the structure of the manifold 48, and other centrally lo-
cated components to increase reliability.
[0016] Figure 4 depicts the mounts 50 between the
ACM 16 and 18 and the heat exchanger 28 that further
reduce the stress on the heat exchanger 28 and isolate
the vibrations produced by the ACM 16 and 18 and pre-
vent them from being transmitted to the aircraft through
the heat exchanger 28. The mounts 50 may be arranged
in a triangular pattern between each of the ACM 16 and
18 and the heat exchanger 28. Specifically, the mounts
50 may be arranged between each ACM and its respec-
tive heat exchanger portion 40 and 42. The mounts 50
may include a bracket 52 connected to the heat ex-
changer 28 interconnected via a clevis 56 to a flexible
isolator 54 mounted on the ACMs 16 and 18. For other
mounts 50, the bracket 52 and clevis 56 may not be nec-
essary. The heat exchanger 28 may be mounted to the
air frame by frame mounts 57, best shown in Figure 5.
[0017] With continuing reference to Figure 5, pressu-
rized air from the engine enters through a bleed air inlet
59. The high temperature bleed air passes through the
primary heat exchanger 36 to cool the air to a tempera-
ture that is suitable for use with aluminum components.
The cooled air from the primary heat exchangers 36 en-
ters the compressor inlet 62 where it is compressed by
the compressor 22 to provide compressed air. The tem-
perature of the compressed air has been raised by the
compressor 22 such that it must be passed through a
secondary heat exchanger 38. The compressed air exits
the compressor 22 through the compressor outlet 64
and passes into the secondary heat exchanger 38. The
cooled air from the secondary heat exchanger 48 is
communicated to the condenser 44 to form water vapor
of sufficient character to be collected the water collector
46. The dehumidified air exits the water collector outlet
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68 and enters the first turbine inlet 69. The dehumidified
air is expanded by the first turbine 24 to produce a first
conditioned air having a first temperature that may be
as low as approximately 34°F (1°C).
[0018] The manifold 48 may include an upper 58 and
lower 60 manifold portion secured to one another. The
manifold 48 is centrally located between the ACMs and
integrates numerous passageways that in the prior art
have typically been defined by hoses secured between
the ACM and other AGU components. The conditioned
air from the first turbine outlet 70 is communicated
through the lower manifold 60 and sent to the condenser
44 through condenser cold inlet 72. The condenser 44
and water collector 46 remove additional moisture from
the conditioned air from the first turbine 24. The further
dehumidified air is communicated through the manifold
48 through condenser cold outlet 74 into the second tur-
bine inlet 76 where the air is further expanded by the
second turbine 26. The conditioned air temperature pro-
duced by the second turbine 26 is lower than the condi-
tioned air temperature produced by the first turbine 24.
The conditioned air produced by the second turbine 26
may be of subfreezing temperatures, which better ena-
bles the AGU 10 to cool a large aircraft.
[0019] Air from a second turbine conditioned air outlet
is sent to a mixer and distribution system 84 for cooling
of the aircraft. The second turbine conditioned air outlet
78 may have a first turbine air conditioned air outlet and
other air sources communicated therewith to adjust the
humidity and temperature of the air sent to the mixer
and distribution system 84.
[0020] The ACMs 16 and 18 are four wheeled ma-
chines having a shaft 82 supporting the fan 20, com-
pressor 22, and first 24 and second 26 turbines. The fan
20 is arranged within the ram air flow. The fan 20 pulls
air through the heat exchangers 28 if the aircraft is not
moving. To facilitate servicing and assembly of the AGU
10, the ram air outlet header 32 may comprise ram air
outlet header portion 86 secured to one another central-
ly by a seal 88.
[0021] Referring to Figure 7-9B, a portion of the man-
ifold 48 is depicted schematically. The manifold 48 in-
cludes opposing first passages 90, each of which de-
fines a first turbine outlet 70 that is in fluid communica-
tion with the first turbines 24 of the first 16 and second
18 ACMs. The manifold 48 also includes opposing sec-
ond passages 92, each of which defines second turbine
inlets 76 that are in fluid communication with the second
turbines 26 of the first 16 and second 18 ACMs. The
manifold 48 includes a condenser inlet passage 94 flu-
idly connected to the first passages 90 at a first inter-
section 95. A condenser outlet passage 96 is fluidly con-
nected to the second passages 92 at a second intersec-
tion 97. The passages 94 and 96 are in fluid communi-
cation with the condenser 44.
[0022] Referring to Figure 7, first 102 and second 104
gate valves are respectively arranged at the first 95 and
second 97 intersections. The valves 102, 104 are sup-

ported by a common shaft 100 that is rotated between
a plurality of angular positions by an actuator assembly
108. The valves 102, 104 selectively control the flow of
air from the ACMs 14, 16 to the condenser 44 to enable
efficient operation of the AGU 10. For example, only one
of the ACMs may be needed during a cold day pull-up
operation, or one of the ACMs may malfunction. As a
result, it would be desirable to block the flow between
the unwanted ACM and the condenser 44, which would
avoid an air leak that would adversely affect the efficien-
cy of the AGU 10.
[0023] In a first position P1, the valves 102, 104 are
arranged in a position to permit air flow between both,
ACMs 14, 16 and the condenser 44. In a second position
P2, flow between the first ACM 14 and the condenser
44 is blocked while maintaining airflow between the sec-
ond ACM 16 and the condenser 44. In a third position
P3, flow between the second ACM 16 and the condens-
er 44 is blocked while maintaining airflow between the
first ACM 14 and the condenser 44. The valves 102, 104
need only be rotated 45 degrees between the first posi-
tion P1 and the second P2 and third P3 positions. The
valves 102, 104 may be pie-shaped or any other suitable
configuration.
[0024] The actuator assembly 108 includes an elec-
tric stepper motor 110 that is coupled to the shaft 100
through a gear train 112, which multiples the torque pro-
vided by the motor 110 to reduce the size of the motor
needed. A rotationally variable displacement transducer
(RVDT) 114 may monitor the rotational position of the
shaft 100. The motor 110 and RVDT 114 may be elec-
trically connected to a controller (not shown) to monitor
and control the position of the valves 102, 104 to inte-
grate their function into the overall operation of the AGU
10. For example, ACM speeds and system tempera-
tures may be used to monitor the correct operation of
the valves 102, 104. An end 101 of the shaft 100 may
extend from the actuator assembly 108 or some other
suitable location to permit a manual adjustment to the
rotational position of the valves 102, 104. A graphic po-
sition indicator may be arranged adjacent to the end 101
to indicate the position of the valves 102, 104 to a serv-
ice technician.
[0025] Referring now to Figures 8-9B, a vertical cross-
section is shown through the manifold 48. The manifold
48 defines a housing that may be formed by sand cast-
ing, investment casting, or any other suitable process,
using aluminum or any other suitable material. A septum
98 divides the first passages 90 and intersection 95 from
the second passages 92 and intersection 97 to separate
the flow between the first 24 and second 26 turbines and
the condenser 44. End caps 105 are secured to the body
of the manifold 48 at opposing ends using a plurality of
fasteners. The end caps 105 facilitate assembly and
servicing of the manifold 48.
[0026] The shaft 100 is supported by bores within the
end caps 105 and the septum 98, which is best shown
in Figure 8. The bores may include bushings and seals

5 6



EP 1 464 575 A1

5

5

10

15

20

25

30

35

40

45

50

55

as desired to reduce friction and air leaks. Bearing cool-
ing features may be used as needed for particular high
temperature applications. The valves 102, 104 are se-
cured to the shaft 100 by pins 106 to enable installation
of the shaft 100 and valves 102, 104 into the manifold
48. Sealing between the valves 102, 104 and manifold
housing may not be needed depending upon the accept-
able threshold for leakage for particular applications.
[0027] The invention has been described in an illus-
trative manner, and it is to be understood that the termi-
nology that has been used is intended to be in the nature
of words of description rather than of limitation. Obvi-
ously, many modifications and variations of the present
invention are possible in light of the above teachings. It
is, therefore, to be understood that within the scope of
the appended claims the invention may be practiced
otherwise than as specifically described.

Claims

1. An air generation unit (10) comprising:

first and second air cycle machines (16, 18)
each having first and second turbines (24, 26);
a manifold (48) in fluid communication with said
first and second turbines (24, 26) of said first
and second air cycle machines (16, 18);
a condenser (44) in fluid communication with
said manifold (48);
first and second valves (102, 104) disposed
within said manifold (48) controlling flow of air
between said turbines (24, 26) and said con-
denser (44); and
an actuator assembly (108) connected to said
valves (102, 104) for moving said valves (102,
104) between a plurality of positions.

2. The unit according to claim 1, wherein said manifold
(48) includes a pair of opposing first passages (90)
fluidly connected at a first intersection (95) with
each of said first passages (90) fluidly connected to
one of said first turbines (24), and said manifold (48)
including a pair of opposing second passages (92)
fluidly connected at a second intersection (97) with
each of said second passages (92) fluidly connect-
ed to one of said second turbines (26), said first and
second valves (102, 104) respectively arranged at
said first and second intersections (95, 97).

3. The unit according to claim 2, wherein said manifold
(48) includes a condenser inlet passage (94) in fluid
communication with said first intersection (95), and
said manifold (48) includes a condenser outlet pas-
sage (96) in fluid communication with said second
intersection (97), said first passages (90) fluidly
connected to outlets of said first turbines (24), and
said second passages (92) fluidly connected to in-

lets of said second turbines (26).

4. The unit according to any preceding claim, wherein
said plurality of positions includes a first position flu-
idly connecting said turbines (24, 26) of said first
and second air cycle machines (16, 18) to said con-
denser (44), a second position fluidly connecting
said first air cycle machine turbines (24, 26) to said
condenser (44) and blocking said second air cycle
machine turbines (24, 26) from said condenser (44),
and a third position fluidly connecting said second
air cycle machine turbines to said condenser (44)
and blocking said first air cycle machine turbines
(24, 26) from said condenser (44).

5. A manifold (48) for an air generation unit (10) com-
prising:

a manifold (48) having opposing first passages
(90) and opposing second passages (92), said
manifold (48) including a condenser inlet pas-
sage (94) in fluid communication with said op-
posing first passages (90) forming a first inter-
section (95) therewith, and a condenser outlet
passage (96) in fluid communication with said
opposing second passages (92) forming a sec-
ond intersection (97) therewith;
first and second valves (102, 104) disposed
within said manifold (48) respectively arranged
in said first and second intersections (95, 97);
and
an actuator assembly (108) connected to said
valves (102, 104) for moving said valves (102,
104) between a plurality of positions for control-
ling flow of air between said passages.

6. The manifold according to claim 5, wherein said
valves (102, 104) are supported by a common shaft
(100) with said actuator assembly (108) coupled to
said shaft (100).

7. The manifold according to claim 6, wherein said ac-
tuator assembly (108) includes an electric stepper
motor (110) driving said shaft (100).

8. The manifold according to claim 7, wherein a gear
train (112) is interconnected between said stepper
motor (110) and said shaft (100) to provide in-
creased torque to said shaft (100).

9. The manifold according to any of claims 6 to 8,
wherein a rotationally variable displacement trans-
ducer (114) is coupled to said shaft (100) for detect-
ing an angular position of said shaft (100).

10. The manifold according to any of claims 6 to 9,
wherein an end (101) of said shaft (100) extends
from a housing permitting manual adjustment of
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said valves (102, 104) between said positions.

11. The manifold according to any of claims 5 to 10,
wherein said opposing first passages (90) include
opposing first turbine outlets (70) and said opposing
second passages (92) include opposing second tur-
bine inlets (76), said manifold (48) having a first side
including one of said first turbine outlets (70) and
one of said second turbine inlets (76), and a second
side including the other of said first turbine outlets
(70) and the other of said second turbine inlets (76).

12. The manifold according to claim 11, wherein said
plurality of positions includes a first position fluidly
connecting first and second sides to said condenser
(44), a second position fluidly connecting said first
side to said condenser (44) and blocking said sec-
ond side from said condenser (44), and a third po-
sition fluidly connecting said second side to said
condenser (44) and blocking said first side from said
condenser (44)

13. The manifold according to claim 12, wherein said
first and second positions are angularly spaced
from one another approximately 45 degrees, and
said first and third positions are angularly spaced
from one another approximately 45 degrees.

14. The air generation unit of claim 1 wherein the man-
ifold (48) is in accordance with any of claims 5 to 13.
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