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(57) L’mvention a trait a un ensemble collecteur de
refroidissement (10) permettant de refroidir des
composants de turbine a gaz (4). L ensemble collecteur
(10) comporte au moins un premier et un second
dominos de raccordement (80) comportant chacun un
logement (81). Un conduit d’alimentation en fluide (82)
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(57) A cooling manifold assembly (10) for cooling
combustion turbine (4) components 1s provided. The
manifold assembly (10) comprises at least a first and
second connector box (80). Each one of the first and
second two connector boxes comprises a housing (81). A
fluid supply conduit (82) and return (84) conduit are
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et un conduit de retour (84) sont fixeés a demeure au
logement (81). Le conduit d’alimentation en fluide (80)
est congu pour €tre en communication par voie de fluide
avec un fluide de refroidissement destine a refroidir une
partie chaude de la turbine. Le conduit de retour (84) est
congu pour €tre en communication par voie de fluide
avec un fluide de refroidissement qui a extrait la chaleur
d’une partie chaude de la turbine. L ‘invention concerne
¢galement un tuyau (60) d’alimentation en fluide de
refroidissement destineé a alimenter en {fluide de
refroidissement le premier et le second dominos de
raccordement. Ledit tuyau (60) presente deux orifices
situes au niveau de ses extremites. La premiere extrémaite
dudit tuyau (60) est couplée au premier domino de
raccordement (80) et la seconde extrémite du tuyau est
couplée au mimmmum a un second domino de
raccordement (80). L invention concerne enfin un tuyau
de retour de fluide (70) destine a conduire un fluide de
refroidissement qui a extrait la chaleur d’une partie
chaude de la turbine. Ledit tuyau (70) présente deux
orifices situe€s au niveau de ses extrémites. La premicre
extremite dudit tuyau (70) est couplée au premier
domino de raccordement (80) et la seconde extrémite
dudit tuyau est couplée au minimum a un second domino
de raccordement.
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securely coupled with the housing (81). The fluid supply
conduit (80) 1s adapted to be 1 fluid communication
with a cooling fluid for cooling a hot turbine part. The
return condwt (84) 1s adapted to be 1 {flud
communication with a cooling fluid that has extracted
heat from a turbine hot part. A cooling fluid supply pipe
(60) for supplying a cooling fluid to the first and second
connector boxes 1s provided. The supply pipe (60)
comprises two openings at the ends. The first end of the
fluad supply pipe (60) 1s coupled with the first connector
box (80) and the second end of the pipe 1s coupled with
the at least second connector box (80). A fluid return pipe
(70) for conducting a cooling fluid that has extracted heat
from a hot turbine part 1s provided. The return pipe (70)
comprisres two openings at the ends. The first end of the
fluad return pipe (70) 1s coupled with the first connector
box (80) and the second end of the pipe 1s coupled with
the at least second connector box (80).



CA

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

02283693 1999-09-13

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © :

FO1D 25/24 Al
—
(21) International Application Number: PCT/US98/04055

(22) International Filing Date: 3 March 1998 (03.03.98)

(30) Priority Data:

08/818,812 US

14 March 1997 (14.03.97)

(71) Applicant: WESTINGHOUSE ELECTRIC CORPORATION
[US/US}; Westinghouse Building, Gateway Center, Pitts-
burgh, PA 15222 (US).

(72) Inventors: GAUL, Gregory, Robert; 2418 Turnberry Drive,
Oviedo, FL 32765 (US). MCLAURIN, Leroy, Dixon; 1727
Seneca Boulevard, Winter Springs, FL 32708 (US).

(74) Agents: MAIRE, David, G. et al.; Westinghouse Electric Cor-

burgh, PA 15222 (US).

.

(§7) Abstract

(11) International Publication Number:

| (43) International Publication Date:

poration, Westinghouse Building, Gateway Center, Pitts- |

(54) Title: COOLING SUPPLY MANIFOLD ASSEMBLY FOR COOLING COMBUSTION TURBINE COMPONENTS

WO 98/41738 |

24 September 1998 (24.09.98)

(81) Designated States: CA, CN, KR, European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, |

PT, SE).
|
Published
With international search report. |
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments. |

A cooling manifold assembly (10) for cooling combustion turbine (4) components is provided. The manifold assembly (10) comprises
at least a first and second connector box (80). Each one of the first and second two connector boxes comprises a housing (81). A fluid

sul?ply conduif (8?) anc.i return (84) conduit are securely coupled with the housing (81). The fluid supply conduit (80) is adapted to be in
fluid communication with a cooling fluid for cooling a hot turbine part. The return conduit (84) is adapted to be in fluid communication
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with a cooling fluid that has extracted heat from a turbine hot part. A cooling fluid supply pipe (60) for supplying a cooling fluid to the
first and second connector boxes is provided. The supply pipe (60) comprises two openings at the ends. The first end of the fluid supply
pipe (60) is coupled with the first connector box (80) and the second end of the pipe is coupled with the at least second connector box
(80). A fluid returnpipe (70) for conducting a cooling fluid that has extracted heat from a hot turbine part is provided. The return pipe (70)

comprisres two openings at the ends. The first end of the fluid return pipe (70) is coupled with the first connector box (80) and the second
end of the pipe is coupled with the at least second connector box (80).
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COOLING SUPPLY MANIFOLD ASSEMBLY FOR COOLING
COMBUSTION TURBINE COMPONENTS

Field of the Invention

The present 1invention relates generally to gas

turbines, and more particularly to a manifold assembly for a

closed-loop cooling system for a gas turbine.
BACKGROUND OF THE INVENTION

Combustion turbines comprise a casing for housing
a compressor secticn, combustion section and turbine section.
The compressor section comprises an inlet end and an outlet
end. The combustion section comprises an 1nlet end and a
combustor transition. The combustor transition is proximate
the discharge end of the combustilion section and comprises a
wall that defines a flow channel that directs the working
fluid into the turbine inlet end.

A supply of air is compressed 1n the compressor
section and directed into the combustion section. The
compressed air enters the combustion inlet and is mixed with
fuel. The air/fuel mixture is then combusted to produce high
temperature and high pressure gas. This gas 1s then ejected
past the combustor transition and injected 1nto the turbine
section to run the turbine.

As those skilled in the art are aware, the maximum
power output of a gas turbine 1s achleved by heating the gas
flowing through the combustion section to as high a
temperature as is feasible. The hot gas, however, heats the

various turbine components that 1t passes when flowing through
the turbine.
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Accordingly, the ability to increase the combustion
firing temperature is limited by the ability of the Curbine
components to withstand increased temperatures. Consequently,

various cooling methods have been developed to cool turbine

5 hot parts. These methods include open-loop air cooling

techniques and closed-loop cooling systems.
Conventional open-loop air cooling techniques divert
alr from the compressor to the combustor transition to cool

the transition. A series of cooling fluid channels are

10 provided in the surface of the combustor transition for

receiving the cooling fluid to cool the Cransition. The

15 section. One drawback to open-loop cooling systems is that

loop cooling of a combustor transition is No, emissions. It

20 1s, therefore, desirable to provide a cooling system that does
not divert air from the compressor and controls No, emissions.
Conventional turbine closed-lcocop cooling assemblies

generally comprise a manifold, strain relief devices, such as
piston rings or bellows, and a supply of cooling fluid located

2> outside the turbine. The manifold typically comprises an

outer casing. The strain relief devices are employed to

must be cooled.

The closed-loop cooling manifolds receive cooling

30 fluid from the source outside the turbine and distribute the
cooling fluid circumferentially about the turbine casing.
Unlike open-loop cooling systems, the closed-loop cooling
fluid remains separated from the working fluid that flows
through the transition flow channel . Instead, the closed-loop

35 cooling fluid is diverted to a location ocutside the turbine.

Conventional closed-loop cooling systems, however,

employ relatively complex manifold attachment assemblies.
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These manifold attachment assemblies, 1n turn, add to the

overall expense of maintaining a combustion turbine.

Conventional manifold attachment assemblies must be precisely

designed to enable it to sufficiently couple with the turbine

casing. It 1s, therefore, desirable to provide a more

simplified and economical manifold attachment arrangement.
SUMMARY OF THE INVENTION

A cooling manifold assembly for cooling combustion
turbine components 1s provided. The manifold assembly
comprises at least a first and second connector box. Each one
of the first and second connector boxes comprises a housing.
A fluid supply conduit and return condult are securely coupled
with the housing. The fluid supply conduit is adapted to be
in fluid communication with a cocling fluid for cooling a hot
turbine part. The return conduilt 1s adapted to be in fluid
communication with a cooling fluid that has extracted heat
from a turbine hot part.

A cooling fluid supply pipe for supplying a cooling
fluid to the first and second connector boxes 1s provided.
The supply pipe comprises a slide wall that defines a coolant
flow channel with a first opening at a first end, and a second
opening at a second end. The first end of the fluid supply
pipe i1s mechanically coupled in fluld communication with the
fluid supply conduit of the first connector box. The second
end of the cooling fluid supply pipe is mechanically coupled
in fluid communication with the fluid supply conduit of the
at least second connector box.

A fluid return pipe for conducting a cooling fluid
that has extracted heat from a hot turbine part is provided.
The return pipe comprises a side wall defining a return flow
channel with a first opening at a first end and second opening
at a second end. The first end cf the fluid return pipe is
mechanically coupled in fluid communication with the fluid
return condulit of the first connector box. The second end of
the fluid return pipe 1s mechanically coupled in fluid
communication with the fluid return conduit of the at least

second connector box. In thlis manner, several connector boxes
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can be linked in series to cool sections of a hot turbine
part.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 1s a cross-sectional view of the cooling
manifold assembly mechanically coupled within a section of a
combustion turbine in accordance with the present invention.

FIGURE 2 1s an exploded view of the cooling manifold

assembly shown in Figure 1.

FIGURE 3 1s a cut-out view of the connector box
shown in Figure 1.

FIGURE 4 1s a perspective view of a combustor
transition that can cooled when employing the cooling manifold
assembly shown in Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMRODIMENT

Figure 1 generally shows the preferred embodiment
of a cooling manifold assembly 10 attached within a combustion
turbine 4. The cooling manifold assembly 10 is mechanically
coupled between a combustion section 18 and a turbine section
16 for cooling a combustor transition 20. It is noted that
the cooling manifold assembly may be employed to cool a
turbine ring segment, stationary vane, oxr other
circumferentially repeating stationary combustion turbine
component. As an exemplary use, the following description
addresses the manifold assembly 10 employed to coocl the
combustor transition 20.

The combustor 18 has an inlet end 24, combustor
transition 20, combustor transition outlet end 26 and flange
38. The first stage of the turbine section 16 has an inlet
end 28 for receiving a working fluid from the combustor
transition 20. The cooling manifold assembly 10 has at least
one connector box 80 for coupling the various cooling manifold
assembly 10 components to the combustion turbine 4.

A nozzle 8 having a discharge end 6 1s mechanically
coupled with the combustor inlet end 24. The combustor
transition outlet end 26 is mechanically coupled with the
turbine section inlet end 28. The cooling manifold assembly

10 1s mechanically coupled to the combustor transition 20 at
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the junction of the connector box 80 and the combustor
transition flange 38. Additionally, the cooling manifold
assembly 10 is in fluid communication with a coocling fluid
supply source (not shown) outside of the combustion turbine
4 . The cooling supply source 1s provided for supplying a
cooling fluid to the manifold assembly 4 for cooling a hot
part in a turbine, and preferably the combustor transition 20.

Figure 2 1s an exploded view of the preferred
embodiment of the cooling manifold assembly 10. The cooling
manifold assembly 10 comprises a plurality of supply pipes 60,
plurality of return pipes 70 and at least a first and second
connector box 80. Eight connector boxes 8C are shown for
cooling eight combustor transitions. Preferably, each supply
pipe 60 and return pipe 70 has a generally arched cross-
sectlion.

A blade ring 22 for securely positioning each one
of the connector boxes 80 proximate a combustion transition
20 1s provided. The blade ring 22 comprises an outer surface
94 , innex surface 96, and a rim 98 therepetween.
Additionally, the blade ring 22 has flange 102. The blade
ring extends circumferentially for approximately 180 degrees.

Each connector box 80 comprises a housing 81, a
supply conduit 82 and a return conduit 84. Preferably, the
housing 81 defines six faces, 86, 88, 92, 104, 106, and 108
and houses the supply conduit 82 and return conduit 84. The
first face 86 1s adapted to be mechanically coupled in fluid
communication with a supply pipe 60 and return pipe 70. The
second face 88 1s adapted to be mechanically coupled in fluid
communication with the turbine component that is to be cooled
during combustion turbine operation.

When the combustion transition 20 is te be cooled,
the second face 88 1s adapted to be bolted to the flange 38
of the combustor transition, and the third housing face 92 is
adapted to securely couple with the blade ring 22. The method

of coupling each supply pipe 60 and return pipe 70 with each
face 1s described below.

A 1 A oy oy i - AN N A AN -0 040 A0t ST P AU Tl b = i s s
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opening 64, and second end 65 with a second opening 66. The
first end 63 of the supply pipe 60 is adapted to be
mechanically coupled in fluid communication with the first
face 86 of one connector box 80, while the second end 65 of
the same supply pipe 60 is adapted to be mechanically coupled

1n fluid communication with the first face 86 of an adjacent

connector box 80. The supply pipe 60 may be welded in place

a return flow channel 71 therebetweern. The return flow
channel 71 has a first end 73 having a first opening 74, and
second end 75 with a second opening 76. The first end 73 of
the return pipe 70 is adapted to be mechanically coupled in
fluid communication with the first face 86 of one connector
box 80, while the second end 75 of the same return pipe 70 is
adapted to be mechanically coupled in fluid communication with

the first face 86 of an adjacent connector box 80. The return

pipes 70 may be mechanically coupled with each corresponding
component 1n the same manner as the supply pipes 60.

Figure 3 shows a connector box 80 in more detail.
The connector box housing 81 houses a supply conduit 82 and
return condult 84. The first face 86, second face 88, and
third face 92 of the housing 81 are shown partially cut away

to 1llustrate the preferred positioning of the supply conduit
32 and return conduit 84 within the housing 81.

The supply conduit 82 comprises a side wall 44 with
a first open end 46, second open end 47, and thirdg open end

48. The side wall 44 extends beginning from the first open
end 46 to the second open end 47 and then in a relatively
downwardly direction to the third open end 48. ' The first open
end 46 1is adapted to be mechanically coupled in fluid
communication with the first end 63 of one supply pipe 60.
The second open end 48 is adapted to be mechanically coupled

in fluid communication with the second end 65 of another

o : S PR A4 oty B IR L ARG Mt & . By B e bpieep v e s ’ r ’ !
. Raded 0 S
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supply pipe 60. The third open end 48 1s adapted to be
mechanically coupled in fluid communication with a turbine
component that must be cooled during turbine operation. When
cooling a combustor transition 20, the third open end 48 1is
preferably adapted to be coupled with the flange 38 of the
combustor transition 20.

The return conduit 84 comprises a side wall 54 with
a first open end 56, second open end 57, and third open end
58. The side wall 54 extends beginning from the first open
end 56 to the second open end 57 and then in a relatively
downwardly direction to the third open end 58. The first open
end 56 1is adapted to be mechanically coupled in fluid
communication with the first end 73 of one return pipe 70.
The second open end 57 1s adapted to be mechanically coupled

in fluid communication with the second end 75 of another

return pipe 70. The third open end 58 1s adapted to be
mechanically coupled in fluid communication with the turbine
component that may be cooled during turbine operation. When

cooling a combustor transition 20, the third open end 58 is

preferably adapted to be coupled with the flange 38 of the
combustor transition 20. |

Preferably, the first face 86 of the housing 81 is
adapted to receive the supply conduit first open end 46 and
second open end 47. The first face 86 of the housing 81 is
also adapted to receive the return conduit first open end 56
and second open end 57. The second face 88 of the housing 1is
adapted to receive the third open end 48 of the supply conduit
82 and the third open end 58 of the return conduit 84. The
third open end 48 of the housing 81 1s adapted to be coupled
with the flange 38 of the combustor transition 20.

Figure 4 shows a combustor transition 20 that can
be employed with the cooling manifold assembly 10. The
combustor transition 20 comprises an outer wall 14 defining
a working fluid flow channel 12. The combustor transition 20
further comprises an inlet end 25, outlet end 26, cooling
channels 32, fluid supply duct 42, fluid return duct 52 and
flange 38. The fluid ducts 42 and 52 are meéhanically coupled
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in fluid communication with both the cooling channels 32 and
combustor transition flange 38. The tlange 38 is adapted to
be mechanically coupled in fluid communication with the
connector box 80. .

The operation of the present invention will now be
discussed in combination with the combustor transition 20

shown in Figure 4. First, a combustion turbine 4 is started-

turbine.

As the working fluid is produced, a cooling fluid
supplied from a source outside of the combustion turbine is
supplied to the manifold assembly 10. The cooling fluid can
be at least either air or steam. The cooling fluid 1is
conducted through each arched supply pipe 60 and into a
correspondling connector box 80. Once entering the connector
pox 80, the cooling fluid travels through the fluid supply

condult 82 and into the fluid supply duct 42 and continues
into the cooling channels 32.

channels 32, the cooling fluid extracts heat trom the
combustor transition 20, thereby cooling the combustor
transition hot parts and areas proximate the hot parts. The
cooling fluid then travels to the fluid return duct 5o and
into the fluid return conduit 84 of the same connector box 80
ftrom which the cooling fluid originated. As the cooling fluid
exits the fluid return conduit 84, the cooling fluid is
received by the arched return pipes 70. The cooling fluid is
then discharged from the combustion turbine.

The generally arched or semicircular, CYOoss-
sectiocnal shape of both the supply pipes 60 and the return
pipes 70 allows the cooling manifold assembly to be easily
assembled and disassembled which, in turn, makes the invention
more economical. Moreover, the arched-pipe design allows the
manifold assembly 10 to withstand the thermal expansion caused

by the coolant supply 40 and the coolant return 50 without
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creating unacceptable stresses in the supply pipes 60 or the
return pipes 70.

In addition, because the arched pipes 60 and 70 are

individual components and separate from the blade ring 22 and
the turbine casing 36, the arched pipes 60 and 70 absorb the
strain caused by the thermal expansion and do so without the
need for strain relief devices.

It is to be understood that even though numerous
characteristics and advantages ¢f the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is i1llustrative only, and changes may be made in
detail, especially in matters of shape, size and arrangement
of parts within the principles of the invention to the full

extent 1ndicated by the broad general meaning of the terms in

which the appended claims are expressed.
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CLAIMS:
1. A cooling manifold assembly for cooling
combustion  turbine  components, the manifold assembly
comprising:

at least a first and second connector box, each
cne of said first and second connector boxes comprising a
housing, and a fluld supply condult and return conduit housed
in said housing, said fluid supply conduit adapted to be 1in
fluid communication with a cooling fluid for cocling a hot
turbine part, sald return condult adapted to be 1in fluid
communication with a cooli‘ng fluid t;hat has extracted heat
from a turbine hot part; '

a cocling fluid supply pilipe for supplving a
cooling fluid to said first and second connector boxes, said
supply plpe comprising a side wall, said sidewall defining a
coolant flow channel with a first opening at a first end and

a second opening at a second end, sald first end of said fluid

supply pipe mechanically coupled 1n fluid communication with

the fluid supply conduit of the first connector box, said

second end of said cooling fluid supply pipe mechanically

coupled in fluid communication with the fluid supply conduit

of sailid at least second connector box; and

a fluid return pipe for conducting a cooling
fluid that has extracted heat from a hot turbine part out of
a combustion turbine, said return pipe comprising a side wall

defining a return flow channel with a first opening at a f.rst

ena and second opening at a second end, said f£irst end of

salid fluid return pipe mechanically coupled in fluid

communication with the fluid return conduit of the first
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connector box, said second end of said fluid return pipe
mechanically coupled in fluid communication with the fluid

return conduilit of said at least second connector box.

2. The combustion turbine, said combustion turbine
comprlsing:

a cooling fluid supply for cooling th

(D

combustion turbine;

a compressor for compressing air;

a hozzle 1in fluilid communication with said
compressor, sald nozzle adapted to inject gas and air fuel
into a combustor;

a combustor in fluid communication with the
nozzle for producing working fluid from the gas and air fuel
mixture, said combustor comprising a combustor transition for
directing said working fluid into a turbine section said
combustor transition having a flange end adapted to be
mechanically coupled 1n fluid communication with a cooling
fluid supply pipe and fluid return pipe;

a turbilne section mechanically coupled in fluid
communication with sald combustor transition for receiving the
working fluid to run the turbine;

at least a first and second connector box
mechanically coupled in fluid communication with the flange
end of the combustor transition, each one of said first and
second two connector boxes comprising a housing, and a fluid
supply conduit and return conduit housed in said housing, said
fluid supply conduit adapted to be in fluid communication with

a cooling fluid for coocling the area proximate the combustor

Lransition, said return conduit adapted to be in fluid
communication with a cooling fluid that has extracted heat
from an area proximate the combustor transition;

a cooling fluid supply pipe for supplying a
cooling fluid to said first and second connector boxes, said
cooling supply pipe in fluid communication with said cooling

fluid supply, said supply pipe comprising a side wall, said
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sidewall defining a coolant flow channel with a first opening
and a second opéning, sald first end of said fluid supply pipe
mechanically coupled in fluid communication with the fluid

supply conduit of the first connector box, said second end of

sald cooling fluid supply pipe mechanically coupled in fluid
communication with the fluid supply conduit of said at least

second connector box:; and
a fluid return pipe for conducting a cooling

fluid that has extracted heat from the area proximate the
combustor transition, sald return pipe comprising a side wall
defining a return flow channel with a first opening at a first
end and second opening at a second end, said first end of said
fluid return pipe mechanically coupled in fluid communication
with the fluid return conduit of the first connector box, said
second end of said fluid return pipe mechanically coupled in

fluid communication with the fluid return conduit of said at

least second connector box.

3. The assembly of claim 2 wherein said cooling

fluid consists of either air or steam.



02283693 1999-09-13

CA

PCT/US98/04055

WO 98/41738

e v A4 A M P P A A P . AR s e R S e e I : b




02283693 1999-09-13

CA

PCT/US98/04055

WO 98/41738

2/4




WO 98/4173

P e s s dAra v v s vy avree® P Pevcer riii-tepieptiser trastibisis tvatibaisieiap SV Ryl AN

S98/040355



CA 02283693 1999-09-13

WO 98/41738 PCT/US98/04055




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings

