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(54) AUTO THERMAL VALVE (ATV) FOR DUAL MODE PASSIVE COOLING FLOW MODULATION

(57) An auto thermal valve (ATV) (40) for dual mode
passive cooling flow modulation according to an embod-
iment includes: a gas flow inlet port (44); a gas flow outlet
port (46); a temperature dependent expandable element
(50); a rod (54) coupled to the temperature expandable
element (50); and a valve disc (56) coupled to a distal
end of the rod (54), the temperature dependent expand-

able element (50) displacing the valve disc (56) in re-
sponse to a change in temperature; wherein the valve
disc (56) is displaced away from a valve seat (60) by the
temperature dependent expandable element (50) at tem-
peratures above and below a range of temperatures to
allow a flow of cooling gas to pass from the gas flow inlet
port (44) to the gas flow outlet port (46).
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Description

BACKGROUND OF THE INVENTION

[0001] The disclosure relates generally to turboma-
chines, and more particularly, to an auto thermal valve
(ATV) for dual mode passive cooling flow modulation.
[0002] Turbines are widely used in a variety of aviation,
industrial, and power generation applications to perform
work. Each turbine generally includes alternating stages
of peripherally mounted stator vanes and rotating blades.
The stator vanes may be attached to a stationary com-
ponent such as a casing that surrounds the turbine, and
the rotating blades may be attached to a rotor located
along an axial centerline of the turbine. A compressed
working fluid, such as steam, combustion gases, or air,
flows along a gas path through the turbine to produce
work. The stator vanes accelerate and direct the com-
pressed working fluid onto a subsequent stage of rotating
blades to impart motion to the rotating blades, thus turn-
ing the rotor and performing work. If any compressed
working fluid moves radially outside of the desired flow
path, the efficiency of the turbine may be reduced. As a
result, the casing surrounding the turbine often includes
a radially inner shell of shrouds, often formed in seg-
ments. The shrouds surround and define the outer pe-
rimeter of the hot gas path and may be located around
both stator vanes and rotating blades.
[0003] Turbine shrouds and other turbine components
(e.g., blades, nozzles, etc.) are typically cooled in some
fashion to remove heat transferred by the hot gas path.
A gas such as compressed air from an upstream com-
pressor may be supplied through at least one cooling
circuit including one or more cooling passages to cool
the turbine shroud and other turbine components.
[0004] Tuning pins may be used to control the flow of
cooling gas passing through the cooling passages. The
flow of cooling gas may be controlled using the tuning
pins according to the operational conditions of the turbine
(e.g., a higher flow of cooling gas may be required on a
hot day, while a lower flow of cooling gas may be required
on a cool day). Such flow control may be provided by
manually adjusting the tuning pins to regulate the flow of
cooling gas as needed.

BRIEF DESCRIPTION OF THE INVENTION

[0005] A first aspect of the disclosure provides an auto
thermal valve (ATV) for dual mode passive cooling flow
modulation, including: a gas flow inlet port; a gas flow
outlet port; a temperature dependent expandable ele-
ment; a rod coupled to the temperature expandable ele-
ment; and a valve disc coupled to a distal end of the rod,
the temperature dependent expandable element displac-
ing the valve disc in response to a change in temperature;
wherein the valve disc is displaced away from a valve
seat by the temperature dependent expandable element
at temperatures above and below a range of tempera-

tures to allow a flow of cooling gas to pass from the gas
flow inlet port to the gas flow outlet port.
[0006] A second aspect of the disclosure provides
cooling system for a turbine, including: a cooling circuit
for cooling a component of the turbine; and an auto ther-
mal valve for dual mode passive cooling flow modulation,
the auto thermal valve comprising: a gas flow inlet port;
a gas flow outlet port; a temperature dependent expand-
able element; a rod coupled to the temperature expand-
able element; and a valve disc coupled to a distal end of
the rod, the temperature dependent expandable element
displacing the valve disc in response to a change in tem-
perature; wherein the valve disc is displaced away from
a valve seat by the temperature dependent expandable
element at temperatures above and below a range of
temperatures to allow a flow of cooling gas to pass from
the gas flow inlet port to the gas flow outlet port into the
cooling circuit.
[0007] A third aspect of the disclosure provides an auto
thermal valve system for dual mode passive cooling flow
modulation in a turbine, including: a first auto thermal
valve including: a gas flow inlet port; a gas flow outlet
port; a temperature dependent expandable element; a
rod coupled to the temperature expandable element; and
a valve disc coupled to a distal end of the rod, the tem-
perature dependent expandable element displacing the
valve disc in response to a change in temperature; where-
in the valve disc is displaced away from a valve seat by
the temperature dependent expandable element at tem-
peratures above a range of temperatures to allow a flow
of cooling gas to pass from the gas flow inlet port to the
gas flow outlet port; and a second auto thermal valve
including: a gas flow inlet port; a gas flow outlet port; a
temperature dependent expandable element; a rod cou-
pled to the temperature expandable element of the sec-
ond auto thermal valve; and a valve disc coupled to a
distal end of the rod of the second auto thermal valve,
the temperature dependent expandable element of the
second auto thermal valve displacing the valve disc of
the second auto thermal valve in response to a change
in temperature; wherein the valve disc of the second auto
thermal valve is displaced away from a valve seat of the
second auto thermal valve by the temperature dependent
expandable element of the second auto thermal valve at
temperatures below the range of temperatures to allow
a flow of cooling gas to pass from the gas flow inlet port
of the second auto thermal valve to the gas flow outlet
port of the second auto thermal valve.
[0008] The illustrative aspects of the present disclo-
sure are designed to solve the problems herein described
and/or other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features of this disclosure will
be more readily understood from the following detailed
description of the various aspects of the disclosure taken
in conjunction with the accompanying drawing that de-
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picts various embodiments of the disclosure.

FIG. 1 is a schematic diagram of a gas turbine sys-
tem, according to embodiments.

FIG. 2 depicts a turbine bucket and shroud, accord-
ing to embodiments.

FIG. 3 depicts an auto thermal valve (ATV) in a
closed configuration, according to embodiments.

FIG. 4 depicts the ATV of FIG. 3 in a hot ambient
modulated flow configuration, according to embodi-
ments.

FIG. 5 depicts the ATV of FIG. 3 in a cold ambient
modulated flow configuration, according to embodi-
ments.

FIG. 6 depicts a valve disc, according to embodi-
ments.

FIG. 7 is a chart illustrating temperature-based mod-
ulation of a flow of cooling gas, according to embod-
iments.

FIG. 8 depicts a turbine bucket and shroud, accord-
ing to embodiments.

FIG. 9 depicts an ATV in a closed configuration, ac-
cording to embodiments.

FIG. 10 depicts the ATV of FIG. 9 in an open config-
uration, according to embodiments.

FIG. 11 is an end view of the ATV of FIG. 9, according
to embodiments.

FIG. 12 is an end view of the ATV of FIG. 9 in an
open configuration, according to embodiments.

FIG. 13 depicts an ATV in a closed configuration,
according to embodiments.

FIG. 14 depicts the ATV of FIG. 13 in an open con-
figuration, according to embodiments.

[0010] It is noted that the drawing of the disclosure is
not to scale. The drawing is intended to depict only typical
aspects of the disclosure, and therefore should not be
considered as limiting the scope of the disclosure. In the
drawing, like numbering represents like elements be-
tween the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The disclosure relates generally to turboma-
chines, and more particularly, to an auto thermal valve

(ATV) for dual mode passive cooling flow modulation.
[0012] Referring now to the drawings, in which like nu-
merals refer to like elements throughout the several
views, FIG. 1 shows a schematic view of gas turboma-
chine 2 as may be used herein. The gas turbomachine
2 may include a compressor 4. The compressor 4 com-
presses an incoming flow of air 6.
[0013] The compressor 4 delivers a flow of com-
pressed air 8 to a combustor 10. The combustor 10 mixes
the flow of compressed air 8 with a pressurized flow of
fuel 12 and ignites the mixture to create a flow of com-
bustion gases 14. Although only a single combustor 10
is shown, the gas turbine system 2 may include any
number of combustors 10. The flow of combustion gases
14 is in turn delivered to a turbine 16. The flow of com-
bustion gases 14 drives the turbine 16 to produce me-
chanical work. The mechanical work produced in the tur-
bine 16 drives the compressor 4 via a shaft 18, and may
be used to drive an external load 20, such as an electrical
generator and/or the like.
[0014] An example of a turbine bucket 22 of the turbine
16 (FIG. 1) is depicted in FIG. 2. The turbine bucket 22
includes a base 24 and a blade 26 coupled to and ex-
tending radially outward from the base 24. A shroud 28
is positioned adjacent the blade 26 to limit the flow of
combustion gas bypassing the turbine bucket 22 and not
producing any useful work. The shroud 28 may be at-
tached to a casing (not shown).
[0015] The shroud 28, blade 26, and/or other turbine
components within the hot gas path may be cooled using
a flow of cooling gas 30 (e.g., air). The flow of cooling
gas 30 may be supplied by the compressor 4 of the gas
turbomachine 2 and may be provided to/into the shroud
28, blade 26, and/or other turbine components via a set
of cooling passages. One such cooling passage 32 in
the shroud 28 is depicted in FIG. 2.
[0016] According to embodiments, the flow of cooling
gas 30 into/through various components of the turbine
16 may be controlled using a set (i.e., one or more) of
auto thermal valves (ATV) 40, which provide passive
cooling flow modulation. The ATVs 40 may be used, for
example, to provide passive flow modulation for hot day
wheelspace (WS) and metal temperature control and for
cold day backflow margin (BFM) flow control. The ATVs
40 eliminate the need for the above-described tuning
pins, which are not capable of providing such passive
flow modulation. Although only one ATV 40 is depicted
in FIG. 2, any number of ATVs 40 may be used to control
the flow of cooling gas in the turbine 16. The passive flow
modulation provided by the ATV 40 provides cooling flow
savings across the operating range of the turbine 16 and
improves the output and efficiency of the turbine 16. Fur-
ther, unlike tuning pins, the ATV 40 does not require man-
ual field tuning for different operational conditions, there-
by reducing operating costs.
[0017] An ATV 40 for providing dual mode passive
cooling flow modulation is depicted in FIGS. 3-5. As
shown, the ATV 40 includes a valve section 42 including
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one or more gas flow inlet ports 44 and a gas flow outlet
port 46. The ATV 40 further includes a housing 48 en-
closing a bellows or other expandable element 50 con-
taining a thermally expandable material 52. The thermally
expandable material 52 may include, for example, a sil-
icon heat transfer fluid. Any other suitable thermally ex-
pandable material 52 that is stable at the operating tem-
peratures of the turbine 16 (e.g., up to 1300 °F) may also
be used.
[0018] The expandable element 50 is coupled to a rod
54. A valve disc 56 is provided at a distal end of the rod
54. As depicted in FIG. 6, the valve disc 56 may include,
for example, a central cylindrical section 64 including an
outer surface 58, and opposing frusto-conical end sec-
tions 66, 68. Other suitable configurations of the valve
disc 56 capable of providing the functionality described
herein may also be used.
[0019] Generally, although not required, a fixed portion
30Fixed (FIG. 2) of the flow of cooling gas 30 may be
provided to the downstream cooling passage 32 (FIG. 1)
for cooling purposes. An additional modulated portion
30Mod (FIG. 2) of the flow of cooling gas 30 may be se-
lectively provided to the downstream cooling passage 32
via the ATV 40, depending on ambient temperature
and/or other factors.
[0020] The ATV 40 is shown in a closed configuration
in FIG. 3. That is, in the closed configuration, at least a
portion of the outer surface 58 of the valve disc 56 en-
gages at least a portion of the valve seat 60. In the closed
configuration, the flow of cooling gas 30Mod is prevented
from flowing from the gas flow inlet ports 44 through a
valve seat opening 62 and the gas flow outlet port 46 into
the downstream cooling passage 32.
[0021] Referring temporarily to FIG. 7, there is shown
a chart illustrating temperature-based modulation of the
flow of cooling gas 30Mod through an ATV 40, according
to embodiments. As stated above, the flow of cooling gas
30Mod through the ATV 40 may be in addition to a fixed
flow of cooling gas 30Fixed. Section A of the chart, in which
there is no flow of cooling gas 30Mod through the ATV
40, corresponds to the ATV 40 in a closed configuration
for a first range of temperatures (e.g., as shown in FIG. 3).
[0022] Referring now to FIG. 4, an increase in temper-
ature at the ATV 40 causes an enlargement of the ther-
mally expandable material 52 within the expandable el-
ement 50. This causes the expandable element 50 to
extend within the housing 48 as indicated by arrow 70,
forcing the rod 54 and valve disc 56 laterally away from
the valve seat 60 towards the gas flow outlet port 46.
When the outer surface 58 of the central cylindrical sec-
tion 64 of the valve disc 56 no longer contacts the valve
seat 60, a flow of cooling gas 30Mod begins to flow from
the gas flow inlet ports 44 through the valve seat opening
62 and the gas flow outlet port 46 into the downstream
cooling passage 32 (FIG. 2). The flow of cooling gas
30Mod increases as the valve disc 56 moves farther away
from the valve seat 60 (as the temperature further in-
creases) as more flow area is provided between the frus-

to-conical end section 66 of the valve disc 56 and the
valve seat 60. Section B of the chart in FIG. 7 depicts the
increase in the flow of cooling gas 30Mod through the ATV
40 for a second, higher range of temperatures.
[0023] As depicted in FIG. 5, a decrease in tempera-
ture causes a contraction of the thermally expandable
material 50 within the expandable element 50. This caus-
es the expandable element 50 to contract within the hous-
ing 48 as indicated by arrow 72, forcing the rod 54 and
valve disc 56 laterally away from the valve seat 60 and
the gas flow outlet port 46. When the outer surface 58 of
the central cylindrical section 64 of the valve disc 56 no
longer contacts the valve seat 60, a flow of cooling gas
30Mod begins to flow from the gas flow inlet ports 44
through the valve seat opening 62 and the gas flow outlet
port 46 into the downstream cooling passage 32 (FIG.
2). The flow of cooling gas 30Mod increases as the valve
disc 56 moves farther away from the valve seat 60 (as
the temperature further decreases) as more flow area is
provided between the frusto-conical end section 68 of
the valve disc 56 and the valve seat 60. Section C of the
chart in FIG. 7 depicts the increase in the flow of cooling
gas 30Mod through the ATV 40 for a third, lower range of
temperatures.
[0024] As depicted in FIGS. 3-5, the ATV 40 provides
a flow of cooling gas 30Mod in response to the tempera-
ture dependent displacement of the valve disc 56. The
configuration of the valve disc 56 allows the cooling gas
30Mod to flow through the ATV 40 to serve both functions
of controlling BFM (cold day) and controlling WS temper-
atures (hot day), thereby providing dual mode function-
ality.
[0025] As detailed below, according to embodiments,
a similar functionality may be provided using two individ-
ual ATVs in parallel, where one of the ATVs (e.g., ATV
140A, FIG. 8) is configured to displace a valve disc to an
open position at high temperatures (and which is closed
at low temperatures), while the second ATV (e.g., ATV
140B, FIG. 8) is configured to displace a valve disc to an
open condition at low temperatures (and which is closed
at high temperatures). The passive flow modulation pro-
vided by the ATVs 140A, 140B provides cooling flow sav-
ings across the operating range of the turbine 16 and
improves the output and efficiency of the turbine 16. Fur-
ther, unlike tuning pins, the ATVs 140A, 140B do not
require manual field tuning, thereby reducing operating
costs.
[0026] The ATV 140A is depicted in a closed configu-
ration in FIG. 9 and in an open configuration in FIG. 10.
The ATV 140A includes a valve section 142 including
one or more gas flow inlet ports 144 and a gas flow outlet
port 146. The ATV 140A further includes a housing 148
enclosing a bellows or other expandable element 150
containing a thermally expandable material 152. The
thermally expandable material 152 may include, for ex-
ample, a silicon heat transfer fluid. Any other suitable
thermally expandable material 152 that is stable at the
operating temperatures of the turbine 16 (e.g., up to 1300
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°F) may also be used.
[0027] The expandable element 150 is coupled to a
rod 154. A valve disc 156 is provided at a distal end of
the rod 154. As depicted in FIG. 9, the valve disc 156
may have an inwardly directed arcuate surface 158. Oth-
er suitable configurations of the valve disc 156 capable
of providing the functionality described herein may also
be used.
[0028] The ATV 140A is shown in a closed configura-
tion in FIGS. 9 and 11. In the closed configuration, the
arcuate surface 158 of the valve disc 156 sealingly en-
gages a corresponding circular valve seat 160 formed
adjacent the gas flow outlet port 146. In general, the valve
disc 156 and valve seat 160 may have any suitable con-
figuration capable of forming a seal to prevent the flow
of gas through the gas flow outlet port 146. In the closed
configuration, the flow of cooling gas 30Mod is prevented
from flowing from the gas flow inlet ports 144 through the
gas flow outlet port 146 into the downstream cooling pas-
sage 32 (FIG. 8).
[0029] Referring now to FIGS. 10 and 12, an increase
in temperature at the ATV 140A causes an enlargement
of the thermally expandable material 152 within the ex-
pandable element 150. This causes the expandable el-
ement 150 to extend within the housing 148 as indicated
by arrow 170, forcing the rod 154 and valve disc 156
laterally away from the valve seat 160 and the gas flow
outlet port 146. When the arcuate surface 158 of the valve
disc 156 no longer forms a seal against the valve seat
160, a flow of cooling gas 30Mod flows from the gas flow
inlet ports 144 through the gas flow outlet port 146 and
into the downstream cooling passage 32 (FIG. 8). The
flow of cooling gas 30Mod increases as the valve disc 156
moves farther away from the valve seat 160 (e.g., in re-
sponse to a further increase in temperature) as more flow
area is provided between the arcuate surface 158 of the
valve disc 156 and the valve seat 160.
[0030] The ATV 140B is depicted in a closed configu-
ration in FIG. 13 and in an open configuration in FIG. 14.
The ATV 140B includes a valve section 242 including
one or more gas flow inlet ports 244 and a gas flow outlet
port 246. The ATV 140B further includes a housing 148
enclosing a bellows or other expandable element 150
containing a thermally expandable material 152. The
thermally expandable material 152 may include, for ex-
ample, a silicon heat transfer fluid. Any other suitable
thermally expandable material 152 that is stable at the
operating temperatures of the turbine 16 (e.g., up to 1300
°F) may also be used.
[0031] The expandable element 150 is coupled to a
rod 154. A valve disc 256 is provided at a distal end of
the rod 154. As depicted in FIG. 13, the valve disc 256
may have an outwardly directed arcuate surface 258.
Other suitable configurations of the valve disc 256 capa-
ble of providing the functionality described herein may
also be used.
[0032] The ATV 140B is shown in a closed configura-
tion in FIG. 13. In the closed configuration, the arcuate

surface 258 of the valve disc 256 sealingly engages a
corresponding circular valve seat 260 formed adjacent
the gas flow outlet port 246. In general, the valve disc
256 and valve seat 260 may have any suitable configu-
ration capable of forming a seal to prevent the flow of
gas through the gas flow outlet port 246. In the closed
configuration, the flow of cooling gas 30Mod is prevented
from flowing from the gas flow inlet ports 244 through the
gas flow outlet port 246 into the downstream cooling pas-
sage 32 (FIG. 8).
[0033] Referring now to FIG. 14, a decrease in tem-
perature at the ATV 140B causes a contraction of the
thermally expandable material 152 within the expandable
element 150. This causes the expandable element 150
to contract within the housing 148 as indicated by arrow
172, forcing the rod 154 and valve disc 156 laterally away
from the valve seat 260 and the gas flow outlet port 246.
When the arcuate surface 258 of the valve disc 256 no
longer forms a seal against the valve seat 260, a flow of
cooling gas 30Mod flows from the gas flow inlet ports 244
through the gas flow outlet port 246 and into the down-
stream cooling passage 32 (FIG. 8). The flow of cooling
gas 30Mod increases as the valve disc 256 moves farther
away from the valve seat 260 (e.g., in response to a fur-
ther decrease in temperature) as more flow area is pro-
vided between the arcuate surface 258 of the valve disc
256 and the valve seat 260.
[0034] According to embodiments, a passive auto
pressure valve (APV) may be used in lieu of or in com-
bination with the ATV valves 40, 140 described above.
Such an APV is actuated by changes in pressure, rather
than by changes in temperature.
[0035] In various embodiments, components de-
scribed as being "coupled" to one another can be joined
along one or more interfaces. In some embodiments,
these interfaces can include junctions between distinct
components, and in other cases, these interfaces can
include a solidly and/or integrally formed interconnection.
That is, in some cases, components that are "coupled"
to one another can be simultaneously formed to define
a single continuous member. However, in other embod-
iments, these coupled components can be formed as
separate members and be subsequently joined through
known processes (e.g., fastening, ultrasonic welding,
bonding).
[0036] When an element or layer is referred to as being
"on", "engaged to", "connected to" or "coupled to" another
element, it may be directly on, engaged, connected or
coupled to the other element, or intervening elements
may be present. In contrast, when an element is referred
to as being "directly on," "directly engaged to", "directly
connected to" or "directly coupled to" another element,
there may be no intervening elements or layers present.
Other words used to describe the relationship between
elements should be interpreted in a like fashion (e.g.,
"between" versus "directly between," "adjacent" versus
"directly adjacent," etc.). As used herein, the term
"and/or" includes any and all combinations of one or more
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of the associated listed items.
[0037] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude 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, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0038] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. An auto thermal valve for dual mode passive cooling
flow modulation, comprising:

a gas flow inlet port (44, 144, 244);
a gas flow outlet port (46, 146, 246);
a temperature dependent expandable element
(50, 150);
a rod (54, 154) coupled to the temperature ex-
pandable element (50, 150); and
a valve disc (56, 156, 256) coupled to a distal
end of the rod (54, 154), the temperature de-
pendent expandable element (50, 150) displac-
ing the valve disc (56, 156, 256) in response to
a change in temperature;

wherein the valve disc (56, 156, 256) is displaced
away from a valve seat (60, 160, 260) by the tem-
perature dependent expandable element (50, 150)
at temperatures above and below a range of tem-
peratures to allow a flow of cooling gas (30) to pass
from the gas flow inlet port (44, 144, 244) to the gas
flow outlet port (46, 146, 246).

2. The auto thermal valve according to claim 1, wherein
the flow of cooling gas (30) passing from the gas flow
inlet port (44, 144, 244) to the gas flow outlet port
(46, 146, 246) increases as the temperature moves
away from the range of temperatures.

3. The auto thermal valve according to claim 1 or 2,
wherein the valve disc (56, 156, 256) engages the
valve seat (60, 160, 260) to block the flow of cooling
gas (30) from flowing from the gas flow inlet port (44,
144, 244) to the gas flow outlet port (46, 146, 246)
at temperatures within the range of temperatures.

4. The auto thermal valve according to any of claims 1
to 3, wherein the temperature dependent expanda-
ble element (50, 150) contains a thermally expand-
able material (52, 152).

5. The auto thermal valve according to claim 4, wherein
the thermally expandable material (52, 152) com-
prises a silicon heat transfer fluid.

6. The auto thermal valve according to any of claims 1
to 5, wherein the temperature dependent expanda-
ble element (50, 150) comprises a bellows.

7. The auto thermal valve according to any preceding
claim, wherein the valve disc (56, 156, 256) compris-
es a central cylindrical section (64) and opposing
frusto-conical end sections.

8. A cooling system for a turbine (16), comprising:

a cooling circuit for cooling at least one compo-
nent of the turbine (16); and
an auto thermal valve for dual mode passive
cooling flow modulation, the auto thermal valve
as recited in any preceding claim:

and wherein the flow of cooling gas (30,
30Fixed, 30Mod) passes from the gas flow
inlet port to the gas flow outlet port (46, 146,
246) into the cooling circuit.

9. An auto thermal valve system for dual mode passive
cooling flow modulation in a turbine (16), comprising:

a first auto thermal valve as received in any of
claims 1 to 7, and
a second auto thermal valve as defined in any
of claims 1 to 7.

10. The auto thermal valve system according to claim 9,
wherein the first auto thermal valve and the second
auto thermal valve are coupled to a cooling system
of a turbine.
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