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COOLING OF TURBINE COMPONENTS USING COMBUSTOR SHELL AR

CROSS REFERENCE TO RELATED APPLICATION
This application is A CONTINUATION-IN-PART APPLICATION of and
claims priority {0 U.S. Patent Application Serial No. 11/784 150, (Attorney Docket
No. 2007P03605US), filed on April 5, 2007, entitted "ENGINE BRAKE FOR PART
LOAD CO RERDUCTION,” the entire disclosure of which is incorporated by

reference herein,

FIELD OF THE INVENTION
The present invention relates generally to turbine engines and, more

particularly, {o cooling of turbine parts during low load operation of a turbine.

BACKGROUND OF THE INVENTION

Turbine engines, such as single shaft industrial gas turbines, are designed
{0 operate at a constant design turbine inlet temperature under any ambient air
temperature (i.e., the compressor inlet temperature). This design turbine inlst
temperature allows the engine to produce maximum possible power, known as
base load. Any reduction from the maximum possible base load power is referred
to as part load operation. In other words, part load entails all engine opsration
from 0% 10 98.9 % of base load power.

Fart ipad operation may result in the production of high levels of carbon
monoxide (CO) during combustion. One known method for reducing part load CO
emissions is to bring the combustor exit temperature or the turbine inlet
{emperature near that of the base load design temperature. H should be noted
that, for purposes of this disclosure, the terms combustor exit temperature and
turbine inlet temperature are used interchangeably. In actuality, there can be from
about 30 {o about 80 degrees Fahrenheit difference belween these two
temperatures due to, among other things, cooling and leakage effects occurring at
the fransition/turbine junction. However, with respect to aspects of the present
invention, this temperaturs difference is insubstantial.

To bring the combustor exit temperature closer to the base load design

temperature, mass flow of air through a turbine engine 10 (Fig. &) can be restricted

1



WO 2011/097121 PCT/US2011/022819

by closing the compressor inlet guide vanes (IGV) (not shown), which actas a
throtile at the inlet of the compressor 12, When the 1GVs are closed, the trailing
edges of the vanes rolate closer to the surface of an adjacent vane, thereby
effectively reducing the available throat area. Reducing the throat area reduces
the flow of air which the first row of rotating blades can draw into the compressor.
Lower flow to the compressor leads {o a lower compressor pressure ratio being
established in the turbine section 14 of the engine 10. Consegquently, the
comprassor exit temperature decreases because the compressor 12 does not
input as much energy into the incoming air. Also, the mass flow of air through the
turbine 10 decreases, and the combustor exit temperature increases.

Typically, some of the compressor exit air 16 from the combuslor shell 18 is
used as cooling air supplied directly {o structure 20 of the turbine 10 adjacent o
the first row of blades 22a . This structure can include the outer casing, blade
rings, and ring segments. In addilion, some compressead air, comprising
comprassor bieed air, may be piped direcily out of the compressor through piping
24h, 24c¢, 24d. This compressor bleed air is directed to structure, e.g., stationary
vane siructure 26b, 26¢, 26d, near second, third and fourth row blades 22b, 22¢,
22d, within respeclive second, third and fourth slages 28b, 28¢, 28d of the turbine
section 14.

CO increases rapidly as gas turbine engine load is reduced below
approximately 60%. Once the IGVs have been closed {o their limit, and the
egngine's exhaust temperature imit has been reached, then power iypically may be
reduced only by decreasing turbine inlet temperature (TIT). TIT reduction
corresponds {0 a decrease in the combustion system’s primary zone temperature
(T_PZ), resulling in CO and unburned hydrocarbons (UHC) being produced due to
guenching of the combustion reactions in the furbine hot gas path. To prevent CO
from increasing as engine load decreases, the T_PZ must be maintained at a high

laveal,
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SUMMARY OF THE INVENTION

in accordance with one aspect of the invention, a turbine engine assembly
for a generator is provided. The assembly comprises a turbine engine having a
comprassor section, a combustor section and a turbine section. The combustor
section includes a primary zone temperature {T_PZ) and the furbine engine
includes a base lcad. Atleast cne air bleed line is in communication with the
combustor section for receiving bleed air comprising combustor shell air from the
combustor section. The al least one air bleed line is also in communication with a
second stage of the turbine section and in communication with one or more stages
of the turbine section downstream from the second stage for supplying bleed air o
the turbine section. Al least one valve is provided for controlling air flow through
the at least one air bleed line, and a controller is provided Tor opening the at least
one valve o allow bleed air {o flow through the at least one air bleed ling when an
operating load is less than the base load to bypass air exiling the compressor
section around a combustor in the combustor section and effect a flow of high
pressure combustor shell air 1o the sfages of the turbine section.

In accordance with ancther aspect of the invention, a cosling system is
provided for a turbine engine operably coupled {0 a generafor. The system
comprises an air bleed lins in communication with a combustor section of the
iurbine engine, and in communication with a turbine section of the turbine engine.
A flow control device is provided for controlling flow through the air bleed line. A
controller is provided for actuating the flow conirol device to allow bleed air to flow
through the air bleed line and provide cooling air to the turbine section when an
operating load is less than a base load of the turbine engine, wherein substantially
all codling air for the turbine section is obtained from compressor exit air exiting a
compressor section of the turbine engine.

in accordance with a further aspect of the invention, a method of operaling
a turbine engine assembly is provided. The method comprises sensing a load on
a turbine engine for a reduced operating load; and bleeding air from a combustor
section of the turbing engine to provide bleed air o a turbine section of the lurbine
engine responsive 1o the reduced load, wherein substantiaily all bleed air for the
turbine section is gblained from compressor exit air discharged from a compressor

section of the turbine engine.
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BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed thatl the present invention will
be better understood from the following description in conjunction with the
accompanying Drawing Figures, in which like reference numerals identify like
elements, and wherein:

Fig. 1 is a cross-sectional view of a turbine engine assembly illustraling an
exemplary embodiment of the invention;

Fig. 2 is a schemalic diagram of a turbine engine assembly corresponding
to Fig. 1;

Fig. 3 is a schematic diagram of a turbine engine assembly illustrating an
exemplary embodiment of the invention comprising an allernative configuration of
the invention;

Fig. 4 is a graphical illustration of CO vs T_PZ; and

Fig. 5 is a cross-sectional view of a furbine engine assembly llustrating a

prior arl cooling arrangement,

DETAILED DESCRIPTION OF THE INVENTION

in the following detailed description of the preferred embodiment, reference
is made to the accompanying drawings that form a part hereof, and in which is
shown by way of dllustration, and not by way of limilation, a specific preferred
embodiment in which the invention may be practiced. it is to be undersicod that
other emboediments may be utilized and that changes may be made without
departing from the spirit and scope of the present invention.

Referring initially to Figs. 1 and 2, embodiments of the invention are
directed to a turbine engine assembly 10 having a compressor section 12, a
combustor section 30, and a turbine section 14. As is known in the art, the
compressor section 12 can have one or more stages such as front stages 32,
forward stages 34, middle stages 36, and rear stages 38 {Fig. 2). Alsg, the
compressor section 12 can have inlef guide vanes {IGVs) 40 which can be opened
and closed or otherwise adjusted o control the mass flow of air into the

compressor section 12. it should be understood that the turbine engine assembly
4



WO 2011/097121 PCT/US2011/022819

10 can have other vane assembilies and other assemblies thal provide for flow
control, including variable stafor vanes.

The combustor section 30 includes a combustor shell 18 (Fig. 1) for
receiving compressor exit air 16 (also known as combustor shell air) passing from
a compressor exit 41, and a combustor 42 for receiving and mixing fuel with
combustor shell air and igniting the airffuel mixture to produce hot working gases
for producing power in the turbine section 14, I may be noted that although the
combustor section 30 is shown as including a single combustor 42, the combuslor
section 30 may comprise a plurality of combustors 42, as is typical in most turbine
engines. A transition section or structure 44 can be provided for directing the hot
working gas from the combustor 42 1o a turbine section inlet at a first stage 28a of
the turbine section 14 for passing through a hot gas path 45. The turbine section
14 comprises a plurality of stages including the first stage 28a, a second stage
28b, a third stage 28¢, and a fourth slage 284d.

in the turbine engine assembly 10, piping, e.g., external piping, can be used
io remove an air stream comprising compressor exit air 16, Le., combusior shell
air, from the combustor shell 18, to put such air stream to use slsewhere in the
turbine engine 10, such as, for example, cooling of various components. in
particuiar, an air bieed line 46 may be in fluid communication with the interior of
the combustor shell 18 for receiving bleed air comprising the compressor exit air
16 {combustor shell air) from the combustor section 30, which compressor exit air
is bypassed around the combusior 42. The air bleed line 46 exiends (o the turbine
section 14 and may branch off to separale air bleed branch lines 46b-d for
supplying bleed air {0 the turbine section 14, That is, an air bleed branch line 46b
may be in fluid communication with the second stage 28b and provide cooling air
to the stationary vane 28b and associated components, an air bleed branch line
48¢ may be in fluid communication with the third stage 28c and provide coocling air
o the stationary vang 26c and associated components, and an air bleed branch
line 46d may be in fluid communication with the fourth stage 28d and provide
cooling air to the stationary vane 26d and associated components. Flow of the
compressor exit air through the air biged line 48 may be controlled by suitable

valving 48, which may be controiled by a suitable coniroller 50.

1
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it should be understood that although the present invention is described
with reference o a turbine seclion 14 having four stages, the invention may be
implemented with turbine sections having additional stages. An additional air
bleed branch line may be provided for each of such additional stages.

The air bleed line 46 may also be provided with a heat exchanger 52 in
thermal communication with the air flowing through the line 48, L.e., via a bypass
line 54 including the heat exchanger 52. Additional valving {not shown) may be
provided to control flow of air to the heatl exchanger 52 through the bypass line 54
and/or to control an amount of heat exchange between the heat exchanger 52 and
air passing through the line 46 to the turbine stages 28b, 28c, 28d.

An additional flow of compressor exit air may bypass the combusior 42, as
represented by line 58 in Fig. 2, and may be provided as cooling air to stationary
components of the first stage 28a of the turbine section 14, as well as {o the rotor
58. A portion of the rotor cocling air supplied by the flow of cooling air 58 may also
be provided as cooling air to blades 22a, 22b, 22¢, 22d mounted for rotation with
the rotor 58, Alternatively, cooling air may be provided {o the second and third
stage blades 22b, 22¢ via associated stationary vanes 268b, 26¢, as is additionally
described below. The flow of cooling air represenied by line 58 may also include a
heat exchanger {(not shown) for cooling the air prior to passing to the components
of the first stage 28a, the rotor 58 and blades 22a-d.

Referring to Fig. 3, an alternative configuration for cogcling the air provided
o the air bleed line 46 is shown for the turbine engine assembly 10. Specifically, a
separaie heat exchanger 80b, 80c¢, 80d may be provided {o each of the air bleed
branch lines 46b, 46¢, 46d, respectively. Additional heat exchangers may be
provided if the turbine seclion 14 includes additional stages, with an additional air
bleed branch line and heat exchanger for each additional stage. The air bised
branch lines 46b, 46¢, 46d may additionally be provided with suitable valving (not
shown) to control flow of the bleed air through the heat exchangers 60b, 60c, 80d,
which may be used o conirol the air flow through the heal exchangers 60b, 60c,
60d, and may provide control of bleed air temperature to the individual stages 28b,
28¢, 28d. Such flow and temperature control may be implemented, for example,

through the controller 50.
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in the combustor section 30, air is mixed with fuel, such as may be provided
through one or more fuel lines 62, and combusted to produce hot, high pressure
gas and reaction products including unburned hydrocarbons (UHC) and CO. His
desirable io keep CO emissions low, preferably less than 10 ppmvd at 15% Q..
As the load on the turbine engine assembly 10 is reduced, the fuel supply {o the
combustors is reduced. The IGVs 40 can be closed to a limit position as the fuel
supply is reduced to limit the mass flow of air info the combustor section 30
Further reductions in power typically would require a reduction in the T_PZ, which
would result in increased UHC and CO production {FIG. 4) due o the guenching of
the combustion reactions in the turbine hot gas path as the airffuel ratio increases.
In typical turbine operation, CO can usuaily only be maintained at a low level (less
than about 10 ppmvd at 15% O,) above about a 80% load.

During low ivad operation of the {urbine engine assembly 10, a CC
reduction process may be implemented, including directing the compressor extit air
16 from the combustor shsell 18 and into the air blesd line 48. Thus, the amount of
air available for combustion in the combustor 42 is reduced, allowing a further
reduction in power while maintaining the T_PZ at or above a minimum temperalure
with an acceptable level of CO production. During the CO reduction process, the
compressor section 12 has compressed the bleed air that exits the combustor 30
through the air bleed line 46. The power required for this compression is supplied
by the turbine 14 and, since the turbine power stays constani, less power is
available to drive the generalor or other load, L.e., the power is absorbed o
facilitate low load operation. In accordance with a particular aspect of the
invention, substantially all inlet air 64 o the compressor section 12 is compressed
along the enlire length of the compressor section 12 and exits as compressor exit
air 16 at the combustor shell 18. That is, no bleed air is removed from the
comprassor section 12 upstream of the compressor exit 41, such that an optimum
or maximum amount of work is put into the air passing through and exiling the
comprassor section 12, Le., exiting at the compressor exit 41, Hence, a maximum
amount of power is absorbed at the compressor section 12 by retaining the air
entering the compressor section 12 o receive work through all stages of the

compressor section 12,
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Substantially all cooling air for the lurbine section 14 comprises compressor
exit air 16, i.e., supplied from the combustor shell 18. For example, all cooling air
via the cooling air flow 56 and the air bleed line 46 may be supplied from the
compressor exit air 16. The compressor exit air 16 comprises the highest
available pressure and highest energy air from the compressor section 12 as a
cooling bleed air supplied to the second stage vane 26b, third stage vane 26c, and
fourth stage vane 26d at a high mass air flow. Further, as noted above the cooling
air provided to the second and third stage vanes 26b, 26¢ may pass through
corresponding second and third stage blades 22b, 22¢, as depicted by dotted lines
660 and 86¢ (Fig. 1), respectively. That is, cooling air supplied through the second
and third air bleed branch lines 48b, 46 may pass radially inwardly through the
stationary vanes 22b, 26¢ {o disk cavities 70, 72 located radially inwardly from the
hot gas path 45, and may pass from the disk cavities 70, 72 radially ocutwardly
through the second and third stage blades 22b, 22¢, and thereafier discharge as
diiution air inlo the hot gas path 45.

Providing a higher pressure air, with the most work put into it from the
compressor section 12, maximizes the cooling air mass flow ¢ the turbine section
12, providing an overcooling air flow o the second and third stages 28b, 28¢
{vanes and biades} and to the fourth stage vanes 26d. In addition to providing
cooling {o the turbine section components, the overcooling air flow supplied
through the air bleed line 46 is discharged into the hot working gas to cool the
working gas. The higher mass flow provided from the compressor exit air 16
provides a higher flow of cooling air inte the hot gas stream for diluling the hot gas
stream, decreasing the exit temperature Texr, L.e., below a maimum exit
temperature, to aliow the combustor 42 {0 operate at a higher T_PZ for CQO
reduction. Hence, the increased cogling air mass flow provided through the air
bleed line 46 permits a further decrease in powser production by providing a
decrease in the exit temperature Teyr, while maintaining the T_P£ above a
minimum temperature as the flow of available air to the combusior 42 from the
compressor section 12 is decreased,

The following presents an exemplary operation of the turbine engine
assembly 10, providing cooling to the turbine section 14 during a CO reduction

process. However, it should be understood that the present invention is not limited
8
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io the particular method or sequence of sieps described herein. During a load
reduction mode of operation of the turbine engine assembly 10, the 1GVs 40 may
be initially closed {o a limiting position, and the air bleed line 486 may be
subseguently opened (o provide a further reduction of air flow into the combustor
42,

Control of the flow through the air bleed line 456 may be provided by the
controller 50, which may be any suitable controller, such as programmable logic
controller, a computer or the like, and can be a programmed funclion of the
existing control system of the turbine engine assembly 10 or a separate controller
as shown.  The valving 48 for the air bleed line 46 may be conirolled by the
coniroller 50 to progressively open, increasing the flow rate through the air bised
line 486 as the operating load is decreased, and thereby reducing power delivered
to a generator 88 (Figs. 2 and 3) while maintaining the T_PZ above a T_PZ lower
imit.  Additional control operations may be performed, such as opening IGVs
before opening the valving 48 for the air bleed line 46, such as may be required fo
maintain stability in the airflow and combustion within turbine engine assembly 10.
For example, the IGVs 40 may close initially as the load decreases, until about
80% load is reached, where the 1GVs 40 are al a limil closed position. The IGVs
40 may then open as the load decreases further, and the air bleed line 46 may be
opened. Afer the air bleed line 46 is fully open, further reductions in load can be
accomplished by closing of the IGVs 40, As noled previously, the present
example is merely exemplary, and other modes of controliing the low load
operation of the turbine engine assembly 10 may be implemented without
departing from the spirit and scope of the invention.

While parlicular embodimenis of the present invention have been iliustraled
and described, it would be obvicus to those skilled in the art that various other
changes and modifications can be made without departing from the spirif and
scope of the invention. i is thersfore intended o cover in the appended claims all

such changes and modifications that are within the scope of this invention.
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CLAIMS

What is claimed is:

1. A turbine engine assembly for a generator, the assembly comprising:

a turbine engine having a compressor section, a combustor section and a
turbine section, the combustor section having a primary zone temperature {T_PZ)
and the turbine engine having a base load;

at least one air blead line in communication with the combustor section for
receiving bleed air comprising combustor shell air from the combustor section;

the at least one air bieed line in communication with a second stage of the
turbine section and in communication with one or more stages of the turbine
section downstream from the second slage for supplying bleed air 1o the lurbine
section;

at least one valve for controlling air flow through the at least one air bieed
fine; and

a controller for opening the at least one valve to allow bleed air to flow
through the at ieast one air bleed line when an operating load is less than the
base load to bypass air exiling the compressor section arcund a combustor in the
combustor section and effect a flow of high pressure combustor shell air {o the

stages of the turbine section.

2. The turbine engine assembiy of claim 1, wherein the one or more stages of
the turbine section downstream from the second siage comprises third and fourth

stages.

3. The turbine engine assembiy of claim 2, including at least one heat
exchanger for cocling the air flowing in the at least one air bleed line from the

combustor section to the turbine section.

4. The turbine engine assembly of claim 3, including 2 separate air bleed

branch line to each of the stages of the turbine section, and a separale heat

16
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gxchanger in each air bleed branch line for separately cooling bleed air passing {o

each of the stages of the turbine section.

5. The turbine engine assembiy of claim 2, wherein substantially all bleed air
for cooling the second, third and fourth stages of the turbine comprises air that has
passed from the compressor section 1o the combustor section o maximize the

work applied (o the bleed air prior to passing to the turbine section.

6. The turbine engine assembly of claim 5, wherein the bleed air provides
overcooling to stationary vanes in the second, third and fourth stages of the

turbine section.

7. The turbine engine assembily of claim 8, wherein af least a portion of the
bleed air provided to the vanes in the turbine section subsequently passes through

blades of one or more slages of the turbine section.

3. The turbine engine assembly of claim 1, wherein a flow rate through the at
least one air bleed line is increased as the operaling load is decreased thereby
reducing power delivered (o the generator while maintaining the T_PZ above a

T _PZ lower limit.

9. The turbine engine assembly of claim 8, wherein the T_PZ lower limit is

selected s0 as to maintain CO production at less than about 10 ppmvd at 15% C..

10. A cocling sysiem for a turbine engine operably coupled to a generator, the
system comprising:

an air bleed line in communication with a combustor section of the turbine
gngine, and in communication with a turbine section of the turbine engineg;

a flow control device for controlling flow through the air bleed line; and

a controller for actuating the flow control device to allow bleed air to flow
through the air bleed line and provide codling air to the turbine section when an

operating load is less than a base load of the turbine engine, wherein substantially

11
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all cooling air for the turbine section is oblained from compressor exit air exiling a

compressor section of the turbine engine.

11.  The sysiem of claim 9, wherein the bleed air comprises cooling air provided
o a plurality of stages in the turbine section comprising at least second, third and

fourth stages of the turbine section.

12, The system of claim 9, including at least one heat exchanger for cooling the
air flowing in the at least one air blesd line from the combustor section {o the

turbine section.

13, The system of claim 11, including 2 separate air bleed branch line to each
of the stages of the turbine section, and a separate heat exchanger in each air
bleed branch line for separately cooling bleed air passing to each of the stages of

the turbine section.

14.  The sysiem of claim 8, wherein, when the operating load is less than a
hase load of the turbine engine, no bleed air is extracted upstream of the

cCOMPressor exit.

15, A method of operating a turbine engine assembly comprising:
sensing a load on a turbine engine for a reduced operating load; and
bleeding air from a combustor section of the turbine engine {0 provide bleed
air to a turbine section of the turbine engine responsive to the reduced lnad,
wherein substantially all bleed air for the turbine seclion is oblained from

compressor exit air discharged from a compressor section of the furbine engine.

16.  The method of claim 15, further comprising passing the bleed air through at

teast one heat exchanger and removing heat from the bleed air.

17. The method of claim 16, wherein the turbine section includes at least a

second, third and fourth stage receiving the bleed air, and a heat exchanger

12
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associated with each of the stages and controlling the temperature of the bleed air

going to each of the second, third and fourth stages.

18.  The lurbine engine assembiy of claim 15, wherein a flow rale through the at
least one air bleed line is increased as the operating load is decreased thereby
reducing power delivered o the generator while maintaining the T_PZ above a
T_PZ lower limit.

19, The turbine engine assembly of claim 18, wherein the T_PZ lower limit is

selected so as to maintain CO production at less than about 10 ppmvd at 15% O..



PCT/US2011/022819

WO 2011/097121

1/4




WO 2011/097121 PCT/US2011/022819

2/4




WO 2011/097121 PCT/US2011/022819
3/4

COvs T _PZ

1800

1600 / \\

NN
N
o)
o
T

Y

- 1200 / \ Base
/ \ Load
1000 1_PZ

g
/ \
800
/ NS

ACTUAL CO (ppmvd)

800 // \ 1Cppm

400¥

200

PRIMARY ZONE TEMPERATURE, T_PZ




WO 2011/097121 PCT/US2011/022819

4/4

& ™ . . D] - e
= \
g g ‘n . &
............. Nm\\«» X
; i
& |
OSSR ‘ &

223

g

o
[Xe]
o / SRS
‘|ﬁﬁu
< AT
w 4

16




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

