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(57) An isolation valve comprising: a housing (202)
having an internal surface (204) within the housing, the
internal surface having a first outlet (221) and second
outlet (222); an air gate (250) having an outward face
opposite the internal surface, the air gate located within
the housing and configured to move to at least one of a
first position blocking flow to the first outlet, a neutral po-
sition blocking flow to neither the first outlet nor second
outlet, and a second position blocking flow to the second

outlet; a seal groove (254) located on the outward face
of the air gate; a seal (410) located within seal groove,
the seal configured to form a sealed connection with the
internal surface around at least one of the first outlet when
in the first position and the second outlet when in the
second position; and a retainer (420) configured to se-
cure the seal within the seal groove using a fastening
mechanism.
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Description

BACKGROUND

[0001] The subject matter disclosed herein generally
relates to environmental control systems and, more par-
ticularly, to air cycle machines of environmental control
systems.
[0002] Commercial aircraft are conventionally
equipped with two-pack environmental control system ar-
chitectures that include redundant packs installed in sep-
arate bays beneath a center wing box of the aircraft and
are encapsulated by the aircraft wing-to-body fairing.
Smaller configurations of environmental control system
architectures can include pack-and-a-half architectures
that fit within a single volume. Two-pack as well as pack-
and-a-half architectures commonly coordinate air flow to
one or more compressors. A valve to efficiently coordi-
nate air flow to one or more compressors is desired.

SUMMARY

[0003] According to one embodiment, an isolation
valve is provided. The isolation valve comprising: a hous-
ing having an internal surface within the housing, the in-
ternal surface having a first outlet and a second outlet;
an air gate having an outward face opposite the internal
surface, the air gate being located within the housing and
configured to move to at least one of a first position block-
ing flow to the first outlet, a neutral position blocking flow
to neither the first outlet nor the second outlet, and a
second position blocking flow to the second outlet; a seal
groove located on the outward face of the air gate; a seal
located within the seal groove, the seal being configured
to form a sealed connection with the internal surface
around at least one of the first outlet when in the first
position and the second outlet when in the second posi-
tion; and a retainer configured to secure the seal within
the seal groove using a fastening mechanism.
[0004] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include an actuator configured
to selectively move the air gate to at least one of the first
position, the neutral position, and the second position.
[0005] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include that the seal is config-
ured to conform to a shape of the housing internal surface
and apply sealing pressure to the housing internal sur-
face to form the sealed connection with the internal sur-
face.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include a biasing device con-
figured to apply a force to the seal that allows the seal to
conform to a shape of the housing internal surface and
apply a sealing pressure to the housing internal surface
to form the sealed connection with the internal surface.

[0007] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include that the seal is config-
ured to slide along the internal surface when the air gate
is moved.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include that the seal groove is
an outbound groove including a first groove wall radially
inward from the seal.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include the seal groove is an
inbound groove including a first groove wall radially in-
ward from the seal and a second groove wall radially
outward from the seal.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the isolation valve may include that the fastening mech-
anism further comprises: a plurality of screws securing
the retainer to the air gate, wherein the seal is interposed
between the retainer and the outward face of the air gate.
[0011] According to another embodiment, a tandem air
cycle machine module is provided. The tandem air cycle
machine comprising: a first air cycle machine having a
first compressor and a first turbine; a second air cycle
machine having a second compressor and a second tur-
bine; an isolation valve comprising: a housing operably
connected to both the first air cycle machine through a
first inlet in the housing and the second air cycle machine
through a second inlet in the housing, the housing having
an internal surface; an air gate having an outward face
opposite the internal surface, the air gate being located
within the housing and configured to move to at least one
of a first position blocking flow to the first outlet, a neutral
position blocking flow to neither the first outlet nor the
second outlet, and a second position blocking flow to the
second outlet; a seal groove located on the outward face
of the air gate; a seal located within the seal groove, the
seal being configured to form a sealed connection with
the internal surface around at least one of the first outlet
when in the first position and the second outlet when in
the second position; and a retainer configured to secure
the seal within the seal groove using a fastening mech-
anism.
[0012] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include an actuator
configured to selectively move the air gate to at least one
of the first position, the neutral position, and the second
position.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the seal
is configured to conform to a shape of the housing internal
surface and apply sealing pressure to the housing inter-
nal surface to form the sealed connection with the internal
surface.
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[0014] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the
isolation valve further comprises: a biasing device con-
figured to apply a force to the seal that allows the seal to
conform to a shape of the housing internal surface and
apply a sealing pressure to the housing internal surface
to form the sealed connection with the internal surface.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the seal
is configured to slide along the internal surface when the
air gate is moved.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the seal
groove is an outbound groove including a first groove
wall radially inward from the seal.
[0017] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the seal
groove is an inbound groove including a first groove wall
radially inward from the seal and a second groove wall
radially outward from the seal.
[0018] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the tandem air cycle machine may include that the
fastening mechanism further comprises: a plurality of
screws securing the retainer to the air gate, wherein the
seal is interposed between the retainer and the outward
face of the air gate.
[0019] According to another embodiment, a method of
assembling an isolation valve is provided. The method
comprising: obtaining an air gate having an outward face
and a seal groove located on the outward face; inserting
a seal within the seal groove; securing the seal within the
seal groove using a retainer and a fastening mechanism;
and installing the air gate into a housing, the housing
having an internal surface within the housing, a first outlet
in the internal surface and a second outlet in the internal
surface; wherein the outward face being opposite the in-
ternal surface; wherein the air gate is configured to move
to at least one of a first position blocking flow to the first
outlet, a neutral position blocking flow to neither the first
outlet nor the second outlet, and a second position block-
ing flow to the second outlet; wherein the seal is config-
ured to form a sealed connection with the internal surface
around at least one of the first outlet when in the first
position and the second outlet when in the second posi-
tion.
[0020] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the method may include operably connecting an actu-
ator to the air gate, the actuator being configured to se-
lectively move the air gate to at least one of the first po-
sition, the neutral position, and the second position.
[0021] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments

of the method may include that the seal is configured to
conform to a shape of the housing internal surface and
apply sealing pressure to the housing internal surface to
form the sealed connection with the internal surface.
[0022] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
of the method may include inserting a biasing device in-
terposed between the seal and the seal groove, the bi-
asing device being configured to apply a force to the seal
that allows the seal to conform to a shape of the housing
internal surface and apply a sealing pressure to the hous-
ing internal surface to form the sealed connection with
the internal surface.
[0023] Technical effects of embodiments of the
present disclosure include a sealing assembly config-
ured to seal the outlets of an isolation valve in an envi-
ronmental control system.
[0024] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, that the following description and drawings are
intended to be illustrative and explanatory in nature and
non-limiting.

BRIEF DESCRIPTION

[0025] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a schematic diagram of an aircraft that may
incorporate various embodiments of the present dis-
closure;

FIG. 2 is a schematic illustration of a bay section of
the aircraft of FIG. 1;

FIG. 3 is a schematic diagram of an environmental
control system in accordance with an embodiment
of the present disclosure;

FIG. 4 is a schematic, perspective illustration of an
isolation valve, according to an embodiment of the
present disclosure;

FIG. 5 is a schematic, perspective illustration of the
interior of the isolation valve of FIG. 5, according to
an embodiment of the present disclosure;

FIG. 6 is a schematic, perspective illustration of a
seal assembly on an air gate within an isolation valve,
according to an embodiment of the present disclo-
sure;

FIG. 7 is an exploded view of the seal assembly and
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air gate of FIG. 6, according to an embodiment of
the present disclosure;

FIG. 8 is a schematic, cross-sectional illustration of
an isolation valve incorporating the seal assembly
and air gate of FIG. 6, according to an embodiment
of the present disclosure;

FIG. 9 is an enlarged view of FIG. 8, according to an
embodiment of the present disclosure;

FIG. 10 is a schematic, cross-sectional illustration of
an isolation valve incorporating the seal assembly
and air gate of FIG. 6, where the seal assembly and
air gate is blocking flow to a first outlet of the isolation
valve housing, according to an embodiment of the
present disclosure;

FIG. 11 is a schematic, perspective illustration of a
seal assembly on an air gate within an isolation valve,
according to an embodiment of the present disclo-
sure;

FIG. 12 is an exploded view of the seal assembly
and air gate of FIG. 11, according to an embodiment
of the present disclosure;

FIG. 13 is a schematic, cross-sectional illustration of
an isolation valve incorporating the seal assembly
and air gate of FIG. 11, according to an embodiment
of the present disclosure;

FIG. 14 is an enlarged view of FIG. 13, according to
an embodiment of the present disclosure;

FIG. 15 is a schematic, cross-sectional illustration of
an isolation valve incorporating the seal assembly
and air gate of FIG. 11, where the seal assembly and
air gate is blocking flow to a second outlet of the
isolation valve housing, according to an embodiment
of the present disclosure; and

FIG. 16 is a flow process illustrating a method of
assembling the isolation valve of FIGs. 3-15, accord-
ing to an embodiment of the present disclosure.

[0026] The detailed description explains embodiments
of the present disclosure, together with advantages and
features, by way of example with reference to the draw-
ings.

DETAILED DESCRIPTION

[0027] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0028] As shown in FIGs. 1-2, an aircraft 110 can in-

clude one or more bays 120 beneath a center wing box.
The bay 120 can contain and/or support one or more
components of the aircraft 110. For example, in some
configurations, the aircraft 110 can include environmen-
tal control systems within the bay 120. As shown in FIG.
2, the bay 120 includes bay doors 122 that enable instal-
lation and access to one or more components (e.g., en-
vironmental control systems). During operation of envi-
ronmental control systems, air that is external to the air-
craft 110 can flow into one or more environmental control
systems within the bay doors 122 through one or more
ram air inlets 124. The air may then flow through the
environmental control systems to be processed and sup-
plied to various components or locations within the air-
craft 110 (e.g., passenger cabin, etc.). Some air may be
exhaust through one or more ram air exhaust outlets 126.
[0029] For example, turning now to FIG. 3, a schematic
diagram of an environmental control system 300 in ac-
cordance with an embodiment of the present disclosure
is shown. The environmental control system 300 of FIG.
3 is merely for illustrative and explanatory purposes, and
those of skill in the art will appreciate that various em-
bodiments of the present disclosure can be configured
with different types of environmental control systems
and/or different configurations of environmental control
systems, and thus, the present discussion and associat-
ed illustrations are not intended to be limiting.
[0030] The environmental control system 300 includes
a ram module 302 and a refrigeration module 304. In
some configurations, when installed on an aircraft, the
ram module 302 can be installed into a right-hand side
of the aircraft, and thus through a first bay door and the
refrigeration module 304 can be installed into a left-hand
side of the aircraft, and through a second bay door. In
FIG. 3, an aircraft centerline 311 is indicated as separat-
ing the ram module 302 from the refrigeration module
304.
[0031] The ram module 302 is operably connected to
the refrigeration module 304 by one or more ducts 306a,
306b, 306c. As shown in FIG. 3, the environmental con-
trol system 300 includes a primary heat exchanger 308a
and a secondary heat exchanger 308b that are config-
ured to receive bleed air Ableed and ram air Aram, respec-
tively, to condition air within the ram module 302. One or
more ram fans 314 are configured to aid in exhausting
ram exhaust air Aram_exhaust from the ram module 302.
[0032] As shown, the refrigeration module 304 in-
cludes a condenser heat exchanger 316 and tandem air
cycle machines 318a, 318b. The condenser heat ex-
changer 316 is configured to condition air and supply
relatively cool or cold air Acabin to a cabin of an aircraft.
The condenser heat exchanger 316 can be operably con-
nected to the secondary heat exchanger 308b by a first
duct 306a that can supply hot air to the condenser heat
exchanger 316. The air cycle machines 318a, 318b can
be connected to one or both of the heat exchangers 308a,
308b, as shown. Recirculated air Arecirc can be supplied
to and mixed with turbine outlet air from the air cycle
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machines 318a, 318b as indicated in FIG. 3.
[0033] Each of the tandem air cycle machines 318a,
318b includes a respective compressor 324a, 324b and
a respective turbine 326a, 326b. The tandem air cycle
machines 318a, 318b can form a tandem air cycle ma-
chine module 328, as indicated by the dashed-line box
in FIG. 3. The tandem air cycle machine module 328 can
include two air cycle machines (e.g., 318a, 318b) that
are operably connected to a centralized manifold, as de-
scribed herein, and thus form a compact, unitized as-
sembly. Although shown and described herein with two
air cycle machines 318a, 318b, those of skill in the art
will appreciate that embodiments of the present disclo-
sure can be applied to two, three, or four wheel tandem
air cycle machines. As shown, a water collector 329 is
configured to extract moisture from air of the condenser
316 and supply the conditioned air to the air cycle ma-
chines 318a, 318b. An air cycle machine isolation valve
200 is schematically shown that is configured to be op-
erated and control fluid flow into one or both of the air
cycle machines 318a, 318b.
[0034] As shown in FIGS. 3, the ram fans 314 and the
air cycle machines 318 are separated. Such a configu-
ration enables the separation of the environmental con-
trol system 300 to be separated into the ram module 302
and the refrigeration module 304. As shown, the ram
module 302 includes the ram fans 314. In some embod-
iments, the ram fans 314 can be configured as dual elec-
tric ram fans that can provide a required ram cooling per-
formance and redundancy. The ram fans 314 can be op-
erated separately or at the same time to enable control
and variance in ram flow. Fixed speed fans, two speed
fans, or variable speed fans can be used without depart-
ing from the scope of the present disclosure. Accordingly,
the environmental control system 300 can be installed
into two separate volumes on an aircraft (e.g., in two sep-
arate bays) as compared to a single large volume.
[0035] Turning now to FIGS. 4-5, schematic illustra-
tions of the air cycle machine isolation valve 200 in ac-
cordance with an embodiment of the present disclosure
are shown. The isolation valve 200 is configured to be
operated and control fluid flow into two or more air cycle
machines. The isolation valve 200 illustrated in FIGS. 4-5
(as well as FIGs. 6-15 discussed further below) has four
outlets 221, 222, 223, 224 (outlet 224 may be seen in
FIGs. 8 and 13) that may be blocked to control fluid flow
of four air cycle machines. Air enters the isolation valve
through a first inlet 211 and/or a second inlet 212 from
the condenser heat exchanger. For simplifications pur-
poses, the isolation valve 200 is divided up into a first
section 200a and a second section 200b, as shown in
FIG. 4. The first section 200a includes a first outlet 221
and a second outlet 222, whereas the second section
200b includes a third outlet 223 and a fourth outlet 224.
The first section 200a and second section 200b include
similar components and thus the isolation valve, when
discussed, may refer to the first 200a and/or the second
chamber 200b.

[0036] As shown in FIGs. 4 and 5. The isolation valve
200 comprises a housing 202 and an air gate 250 located
within the housing 202. The housing includes an internal
surface 204 located within the housing 202 and a longi-
tudinal axis A1 down the center of the housing 202, as
shown in FIG. 5. The air gate 250 is configured to move
to at least one of a first position blocking flow to the first
outlet 221, a neutral position blocking flow to neither the
first outlet 221 nor the second outlet 222, and a second
position blocking flow to the second outlet 222. In an em-
bodiment, the internal surface 204 is round, as seen in
FIG. 5 and the air gate 250 is configured to move in a
circle. In an embodiment, the first position and second
position are separate by about 90 degrees. In an embod-
iment, the housing 202 is operably connected to both a
first air cycle machine 318a (see FIG. 3) through the first
outlet 221 in the housing 202 and a second air cycle
machine 318b (see FIG. 3) through the second outlet 222
in the housing 202.
[0037] As shown in FIG. 5, the air gate 250 further in-
cludes an outward face 252 located opposite the internal
surface 204 when the air gate 250 is installed in the hous-
ing 202. The air gate 250 is configured to move to at least
one of a first position blocking flow to the first outlet 221,
a neutral position blocking flow to neither the first outlet
221 nor the second outlet 222, and a second position
blocking flow to the second outlet 222. By moving the air
gate 250 of the isolation valve 200, the flow from the
condenser heat exchanger to the air cycle machines may
be adjusted.
[0038] In the illustrated embodiment of FIG. 5, the air
gate 250 is operably connected to an axle 208 and con-
figured to rotate around the axle 208. The axle 208 is
located on the A1 axis as seen in FIG. 5. In an embodi-
ment, an actuator 206 is configured to selectively move
the air gate 250 to at least one of the first position, the
neutral position, and the second position. FIG. 5 shows
the air gate 250 in the neutral position and thus neither
the first outlet 221 nor the second outlet 222 is blocked
and air may flow to both air cycle machines. If the air gate
250 is moved to the first position to block the first outlet
221, air will only flow through the second outlet 222 to
the second air cycle machine. If the air gate 250 is moved
to the second position to block the second outlet 222, air
will only flow through the first outlet 221 to the first air
cycle machine. Advantageously, to prevent air leakage
around the air gate 250, a seal 400, 500 (See FIGS. 6-15)
may be utilized and interposed between the outward face
252 of the air gate 250 and the internal surface 204 of
the housing.
[0039] Referring now to FIGs. 6-10, a seal assembly
400 for use in an isolation valve 200 is schematically
illustrated, according to an embodiment of the present
disclosure. The seal assembly 400 is composed of a seal
410, a retainer 420, and a fastening mechanism 430. A
seal groove 254 is located on the outward face 252 of
the air gate 250. In an embodiment, the seal groove 254
may have a rounded rectangular shape. The seal 410
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has a shape similar to the shape of the seal groove 254
to allow the seal 410 to fit within the seal groove 254,
thus in an embodiment, the seal 410 may also have a
rounded rectangular shape. As seen in FIG. 6, the seal
410 is located in the seal groove 254. The seal groove
254 illustrated in FIGs. 6-10 is an outbound seal groove
meaning that the seal groove 254 has only one groove
wall radially inward from the seal and no groove wall ra-
dially outward from the seal 254. The radial inward groove
wall is referred to as a first groove wall 254a.
[0040] The retainer 420 is configured to secure the seal
410 within the seal groove using a fastening mechanism
430. As may be seen in FIGs. 6-10, in an embodiment,
the fastening mechanism 430 may further comprise a
plurality of screws to secure the retainer 420 to the air
gate 250. As seen in FIGs. 6-7, the seal 410 is interposed
between the retainer 420 and the outward face 252 of
the air gate 250. The seal 410 may also include an inset
portion 410a configure to receive the retainer. The inset
portion 410a will allow the sealing portion 410b of the
seal 410 to touch the internal surface 204 while leaving
enough clearance for the retainer 420 to not touch the
internal surface 204, as seen in FIG. 9.
[0041] FIG. 8 shows the air gate 250 in the neutral po-
sition having the seal assembly 400. In the illustrated
embodiment, the neutral position is located circumferen-
tially in between the first outlet 221 and the second outlet
222. FIG. 8 shows the seal assembly 400 in association
with the first chamber 200a, but as may be appreciated
by one of skill in the art, the seal assembly 400 may also
be used in the second chamber 200b to block flow to the
third outlet 223 and/or the fourth outlet 224. An enlarged
view of the air gate 250 with the seal assembly 400 in
the neutral position is shown in FIG. 9. As seen in FIG.
9, the outward face 252 of the air gate 250 and the seal
410 are opposite the internal surface 204 of the housing
202. In an embodiment, there is enough clearance be-
tween the outward face 252 and the internal surface 204,
such that the outward face 252 does not physically con-
tact the internal surface 204, as seen in FIG. 9. In an
embodiment, there is enough clearance between the re-
tainer 420 and the internal surface 204, such that the
retainer 420 does not physically contact the internal sur-
face 204, as seen in FIG. 9. In an embodiment, the seal
410 does contact the internal surface 204 and is config-
ured to slide along the internal surface 204 when the air
gate 250 is moved.
[0042] FIG. 10 shows the air gate 250 in the first posi-
tion blocking the flow of air through the first outlet 221.
As discussed above, by blocking the flow of air through
the first outlet 221 the isolation valve 200 is preventing
air from reaching the first air cycle machine. As seen in
FIG. 10, the seal 410 is configured to form a sealed con-
nection with the internal surface 204 around the first outlet
221. Although not pictured, the seal 410 is also config-
ured to form a sealed connection with the internal surface
204 around the second outlet 222 when at the second
position. Without the seal 410 the isolation valve 200 may

be prone to leakage around the air gate 250 and through
an outlet 221, 222 when either in the first or second po-
sition. The seal 410 is configured to conform to a shape
of the internal surface 204 and apply sealing pressure to
the internal surface 204 to form a sealed connection with
the internal surface 204. In an embodiment, the seal 410
may be composed of a low friction (metallic or non-me-
tallic) material configured to slide against the internal sur-
face while being compliant to apply to sealing pressure
such as, for example spring steel, Teflon™, or rubber.
[0043] Referring now to FIGs. 11-15, a seal assembly
500 for use in an isolation valve 200 is schematically
illustrated, according to an embodiment of the present
disclosure. The seal assembly 500 is composed of a seal
510, a retainer 520, a biasing mechanism 512, and a
fastening mechanism 530. As seen in FIG. 11-15, the
biasing mechanism is interposed between the seal 510
and the outward face 252 within the seal groove 256.
The seal groove 256 is located on the outward face 252
of the air gate 250. In an embodiment, the seal groove
256 may have a rounded rectangular shape. The seal
510 has a shape similar to the shape of the seal groove
256 to allow the seal 510 to fit within the seal groove 256,
thus in an embodiment, the seal 510 may also have a
rounded rectangular shape. As seen in FIG. 11, the seal
510 is located in the seal groove 256. The seal groove
256 illustrated in FIGs. 11-15 is an inbound seal groove
meaning that the seal groove 256 has two groove walls
include a first groove wall 256a radially inward from the
seal 510 and a second groove wall 256b radially outward
from the seal 510.
[0044] The retainer 520 is configured to secure the seal
510 within the seal groove using a fastening mechanism
530. As may be seen in FIGs. 11-15, in an embodiment,
the fastening mechanism 530 may further comprise a
plurality of screws to secure the retainer 520 to the air
gate 250. As seen in FIGs. 11-15, the seal 510 is inter-
posed between the retainer 520 and the outward face
252 of the air gate 250. As shown, the fastening mech-
anism 430 secures the retainer 520 to the outward face
252 of the air gate 250 and then the retainer secures the
seal 510 in the seal groove 256 via a seal lip 510a. There
is a gap G1 between the second groove wall 256b and
the retainer 520 that allows a sealing surface 510b of the
seal 510 to move in and out of the seal groove 256 in
response to the balance of forces between the biasing
mechanism 512, the internal surface 204, and the seal
510.
[0045] FIG. 13 shows the air gate 250 in the neutral
position having the seal assembly 500. In the illustrated
embodiment, the neutral position is located circumferen-
tially in between the third outlet 223 and the fourth outlet
224. FIG. 13 shows the seal assembly 500 in association
with the second chamber 200b, but as may be appreci-
ated by one of skill in the art, the seal assembly 500 may
also be used in the first chamber 200a to block flow to
the first outlet 221 and/or the second outlet 222. An en-
larged view of the air gate 250 with the seal assembly
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500 in the neutral position is shown in FIG. 14. As seen
in FIG. 14, the outward face 252 of the air gate 250 and
the seal 510 are opposite the internal surface 204 of the
housing 202. In an embodiment, there is enough clear-
ance between the outward face 252 and the internal sur-
face 204, such that the outward face 252 does not phys-
ically contact the internal surface 204, as seen in FIG.
14. In an embodiment, there is enough clearance be-
tween the retainer 520 and the internal surface 204, such
that the retainer 520 does not physically contact the in-
ternal surface 204, as seen in FIG 14. In an embodiment,
the seal 510 does contact the internal surface 204 and
is configured to slide along the internal surface 204 when
the air gate 250 is moved. The biasing mechanism 512
is configured to apply a force to the seal 510 that allows
the seal 510 to contact the internal surface 204. In an
embodiment, the biasing mechanism 512 may allow the
seal 510 to retract radially inward by a selected increment
to allow the seal 510 to slide against the internal surface
204 with less friction.
[0046] FIG. 15 shows the air gate 250 in the second
position blocking the flow of air through the fourth outlet
224. As discussed above, by blocking the flow of air
through the fourth outlet 224 the isolation valve 200 is
preventing air from reaching the second air cycle ma-
chine. As seen in FIG. 15, the seal 510 is configured to
form a sealed connection with the internal surface 204
around the second outlet 222. Although not pictured, the
seal 510 is also configured to form a sealed connection
with the internal surface 204 around the third outlet 223
when moved to the first position. Without the seal 510
the isolation valve 200 may be prone to leakage around
the air gate 250 and through an outlet 223, 224 when
either in the first or second position. The biasing mech-
anism 512 is configured to apply a force to the seal 510
that allows the seal 510 to conform to a shape of the
housing inner surface 204 and apply a sealing pressure
to the housing inner surface 204 to form the sealed con-
nection with the internal surface 204. In an embodiment,
the seal 510 may be composed of a low friction (metallic
or non-metallic) material configured to slide against the
internal surface while being compliant to apply to sealing
pressure such as, for example, spring steel, Vespel®,
rulon, or rubber.
[0047] Referring now to FIG. 16, with continued refer-
ence to FIGs. 3-15, FIG. 16 shows a flow process illus-
trating a method 600 of assembling the isolation valve
200 of FIGs. 3-15, according to an embodiment of the
present disclosure. At block 604, an air gate 250 having
an outward face 252 and a seal groove 254, 256 located
on the outward face 252 is obtained. At block 606, a seal
410, 510 is inserted into the seal groove 254, 256. At
block 608, the seal 410, 510 is secured within the seal
groove 254, 256 using a retainer 420, 520 and a fastening
mechanism 430, 530. At block 610, the air gate 250 is
installed into a housing 202. The housing 202 having an
internal surface 204 within the housing 202, a first outlet
221 in the internal surface 204 and a second outlet 222

in the internal surface 204. As mentioned above, the out-
ward face 252 is opposite the internal surface 204. The
air gate 250 is configured to move to at least one of a
first position blocking flow to the first outlet 221, a neutral
position blocking flow to neither the first outlet 221 nor
the second outlet 222, and a second position blocking
flow to the second outlet 222. The seal 410, 510 is con-
figured to form a sealed connection with the internal sur-
face 204 around at least one of the first outlet 221 when
in the first position and the second outlet 222 when in the
second position. The method 600 may also include: op-
erably connecting an actuator 206 to the air gate 250.
The actuator 206 is configured to selectively move the
air gate 250 to at least one of the first position, the neutral
position, and the second position. The method 600 may
further include: inserting a biasing device 512 interposed
between the seal 510 and the seal groove 256. As dis-
cussed above, the biasing device 512 is configured to
apply a force to the seal 510 that allows the seal 510 to
conform to a shape of the housing internal surface 204
and apply a sealing pressure to the housing internal sur-
face 204 to form the sealed connection with the internal
surface 204. As may be appreciated by one of skill in the
art, the method 600 is also applicable to an air gate seal
250 located in the second chamber 200b and the air gate
seal 250 along with a seal assembly 400, 500 may be
used to block flow to the third outlet 223 and/or the fourth
outlet 224.
[0048] While the above description has described the
flow process of FIG. 16 in a particular order, it should be
appreciated that unless otherwise specifically required
in the attached claims that the ordering of the steps may
be varied.
[0049] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of 6 8% or 5%, or 2% of a given value.
[0050] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0051] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present invention as defined
by the claims. In addition, many modifications may be
made to adapt a particular situation or material to the
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teachings of the present disclosure without departing
from the scope thereof. Therefore, it is intended that the
present disclosure not be limited to the particular embod-
iment disclosed as the best mode contemplated for car-
rying out this present disclosure, but that the present dis-
closure will include all embodiments falling within the
scope of the claims.

Claims

1. An isolation valve, the isolation valve comprising:

a housing (202) having an internal surface (204)
within the housing, the internal surface having
a first outlet (221) and a second outlet (222);
an air gate (250) having an outward face (252)
opposite the internal surface, the air gate being
located within the housing and configured to
move to at least one of a first position blocking
flow to the first outlet, a neutral position blocking
flow to neither the first outlet nor the second out-
let, and a second position blocking flow to the
second outlet;
a seal groove (254) located on the outward face
of the air gate;
a seal (410) located within the seal groove, the
seal being configured to form a sealed connec-
tion with the internal surface around at least one
of the first outlet when in the first position and
the second outlet when in the second position;
and
a retainer (420) configured to secure the seal
within the seal groove using a fastening mech-
anism (430).

2. The isolation valve of claim 1, further comprising:

an actuator (206) configured to selectively move
the air gate to at least one of the first position,
the neutral position, and the second position.

3. The isolation valve of claim 1 or 2, wherein:

the seal is configured to conform to a shape of
the housing internal surface and apply sealing
pressure to the housing internal surface to form
the sealed connection with the internal surface.

4. The isolation valve of any preceding claim, further
comprising:

a biasing device (512) configured to apply a
force to the seal that allows the seal to conform
to a shape of the housing internal surface and
apply a sealing pressure to the housing internal
surface to form the sealed connection with the
internal surface.

5. The isolation valve of any preceding claim, wherein:

the seal (410) is configured to slide along the
internal surface when the air gate is moved.

6. The isolation valve of any preceding claim, wherein:

the seal groove (254) is an outbound groove in-
cluding a first groove wall radially inward from
the seal.

7. The isolation valve of any of claims 1 to 5, wherein:

the seal groove is an inbound groove including
a first groove wall radially inward from the seal
and a second groove wall radially outward from
the seal.

8. The isolation valve of any preceding claim, wherein
the fastening mechanism further comprises:

a plurality of screws securing the retainer to the
air gate, wherein the seal is interposed between
the retainer and the outward face of the air gate.

9. A tandem air cycle machine module comprising:

a first air cycle machine (318a) having a first
compressor and a first turbine;
a second air cycle machine (318b) having a sec-
ond compressor and a second turbine;
an isolation valve (200) comprising:

a housing operably connected to both the
first air cycle machine through a first inlet in
the housing and the second air cycle ma-
chine through a second inlet in the housing,
the housing having an internal surface;
an air gate having an outward face opposite
the internal surface, the air gate being lo-
cated within the housing and configured to
move to at least one of a first position block-
ing flow to the first outlet, a neutral position
blocking flow to neither the first outlet nor
the second outlet, and a second position
blocking flow to the second outlet;
a seal groove located on the outward face
of the air gate;
a seal located within the seal groove, the
seal being configured to form a sealed con-
nection with the internal surface around at
least one of the first outlet when in the first
position and the second outlet when in the
second position; and
a retainer configured to secure the seal with-
in the seal groove using a fastening mech-
anism.
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10. The tandem air cycle machine module of claim 9,
further comprising:

an actuator configured to selectively move the
air gate to at least one of the first position, the
neutral position, and the second position.

11. The tandem air cycle machine module of claim 9 or
10, wherein:

the seal is configured to conform to a shape of
the housing internal surface and apply sealing
pressure to the housing internal surface to form
the sealed connection with the internal surface.

12. The tandem air cycle machine module of claim 9, 10
or 11, wherein the isolation valve further comprises:

a biasing device configured to apply a force to
the seal that allows the seal to conform to a
shape of the housing internal surface and apply
a sealing pressure to the housing internal sur-
face to form the sealed connection with the in-
ternal surface.

13. The tandem air cycle machine module of claim 9,
10, 11 or 12, wherein:

the seal is configured to slide along the internal
surface when the air gate is moved.

14. The tandem air cycle machine module of any of
claims 9 to 13, wherein:

the seal groove is an outbound groove including
a first groove wall radially inward from the seal.

15. The tandem air cycle machine module of any of
claims 9 to 13, wherein:

the seal groove is an inbound groove including
a first groove wall radially inward from the seal
and a second groove wall radially outward from
the seal.
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