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TERTIARY FUEL INJECTION SYSTEM FOR USE 1IN

ABSTRACT

A DRY LOW NOx COMBUSTION SYSTEM

05023

An improved gas turbine combustor of the type
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including primary and secondary combustion chambers with a

venturl including a throat portion located therebetween; a

plurality of primary fuel injection nozzles secured to a

combustor cap in an annular array upstream of the primary
combustion chamber; and a centerbody including a secondary

fuel nozzle, said centerbody extending from said combustor
cap to said secondary combustion chamber; the improvement
comprising a plurality of tertiary fuel injection nozzles

arranged in a circular array about a longitudinal axis of

the combustor, at a downstream of_said'venturi throat

portion,
chamber.
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TERTIAR J] NJE LION SYSTEM FOR TUES IN
A DRY LOW NC LOMBUSTION TE
TECHNICAL FIELD

This invention relates to gas turbine combustors:
and, 1in particular, to improvements in gas turbine
combustors for the further reduction of air pollutants

such as nitrogen oxides (NOx).

B L T

In an effort to reduce the amount of NOx in the
exhaust gas of a gas turbine, inventors Wilkes and Hilt
devised the dual stage, dual mode combustor which is
disclosed in U.S. Patent 4,292,801 issued October 6, 1981
to a common assignee of the present invention. In this
patent, i1t is disclosed that the amount of exhaust NOx can
be greatly reduced, as compared with a conventional single
stage, single fuel nozzle combustor, if two combustion
chambers are provided. The specific configuration as
described in the above identified patent includes an
annular array of primary nozzles each of which discharges
fuel into the primary combustion chamber, and a central
secondary nozzle which discharges fuel into the secondary
combustion chamber. The secondary nozzle has an axial
fuel delivery pipe surrounded at its discharge end by an
alr swirler which provides combustion air to thé fuel
nozzle discharge. Other components of the combustor
include the combustion chamber liner, a venturi arranged
in the secondary combustion chamber or zone, and the

combustion chamber cap/centerbody.
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The combustor is operated by first introducing fuel
and air into the first or primary chamber for burning
therein. Thereafter, the flow of fuel is shifted into the
second chamber until burning in the first chamber
terminates, followed by a reshifting of fuel distribution
into the first chamber for mixing purposes, with burning
occurring only in the second chamber. The combustion in
the second chamber is rapidly quenched by the introduction
of substantial amounts of dilution air into the downstream
end of the second chamber to reduce the residence time of
the products of combustion at NOx reducing temperatures
thereby providing a motive force for the turbine section
which is characterized by low amounts of NOx, carbon

monoxide and unburned hydrocarbon emissions.

Further development in this area produced a two stage
(diffusion/premixing) secondary fuel nozzle as described
in commonly assigned U.S. Patent No. 4,982,570. As
described in the above identified patent, further
reduction in the production of NOx may be achieved by
altering the design of the central or secondary nozzle to
operate as a diffusion piloted premixed nozzle. 1In
operation, a relatively small amount of fuel is used to
sustain a diffusion pilot, while a premix section of the
nozzle provides additional fuel for ignition of the main

fuel supply from the upstream primary nozzles.

It was subsequently discovered that high combustion
dynamic pressure activity was present during the transfer
to premixed operation. One method of suppressing the
combustion dynamics is to use a two-stage
(premixed/diffusion) gas only secondary fuel nozzle as

described in commonly assigned U.S. Patent No. 5,199, 265.

--------------------
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SUMMARY OF THE INVENTION

This invention relates to the identification of two
additional methods for suppressing combustion dynamics in a
dual stage, dual mode combustion system as described '801
and '570 patents. One such method involves fuel injection
from the aft cone portion of the venturi in the second
combustion chamber, and the other method involves fuel

injection from the outer swirler portion of the centerbody.

It 1s thus the principal objective of this invention
to provide additional means by which high combustion
dynamic pressure activity during the transfer to premixed
operation can be minimized. Thus, the combustor in
accordance with this invention employs a third or tertiary
fuel stage to minimize combustion driven pressure
pulsations while transferring to the premixed operating
mode. In a first exemplary embodiment of the invention, a
plurality of tubes are mechanically attached to the aft
cone portion of the venturi between the primary and
secondary combustion chambers or zones. The individual
tubes are manifolded together and a single fuel line
supplies the system. This arrangement forms a tertiary
fuel system and, during the transfer to premixed operation,
fuel is supplied to the tubes and injected into the
secondary combustion chamber. This provides a stable pilot
for unburned mixture exiting the first stage, and the
increased flame stability results in lower dynamic

pressures during the transfer.

In another exemplary embodiment, a plurality of tubes
are located axially along the centerbody and exit in the
slots of the centerbody outer swirler. The individual
tubes again are manifolded together and supplied with fuel
from a single fuel line. During the transfer to premixed
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operation, fuel is supplied to these tubes for injection
into the secondary combustion chamber or zone, and the
injected fuel efficiently incinerates the low concentration
transferred premix gas resulting in high combustion
efficiency, and reduced dynamic pressures during the
transfer to the premixed mode.

During the transfer to premixed operation, 1009% of the
fuel must be delivered directly to the second stage in
order to flame out the primary combustion zone. During the
transfer to premixed operation in accordance with this
invention, 100% of the fuel is delivered to the tertiary
fuel system (either the venturi or centerbndy). This will -
cause flame-out in the primary combustion chamber and a
stable diffusion flame operation in the secondary
combustion chamber. Once flame out occurs in the primary
chamber, a portion of the fuel may be transferred back to
the primary nozzles in the primary zone and the remaining
fuel transferred to the premixing secondary fuel nozzle for
operation in the premixed mode.

Thus, 1in its broadest aspects, the invention relates
to an improved gas turbine combustor of the type including
primary and secondary combustion chambers with a venturi
located between said primary and secondary combustion
chambers; a plurality of primary fuel injection nozzles
secured to a combustor cap in an annular array upstream of
the primary combustion chamber, and a centerbody including
a secondary fuel nozzle, said centerbody extending from
sald combustor cap to said secondary combustion chamber:;
the improvement comprising a plurality of tertiary fuel
injection nozzles arranged in a circular array about a
longitudinal axis of the combustor for injecting fuel into

the secondary combustion chamber.

The invention also provides a method of suppressing

combustion dynamics during transfer from a primary mode to
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the premixed mode of operation in a dual stage gas turbine
combustor which includes primary and secondary combustion
chambers separated by a venturi and supplied with fuel from
primary and secondary fuel nozzles respectively and
wherein, in a primary mode fuel is fed to the primary
combustion chamber by said primary fuel nozzles for burning
in the primary combustion chamber only, and in a premixed
mode fuel is fed to the primary combustion chamber by said

primary fuel nozzles for premixing with air and for burning
in the secondary combustion chamber, comprising the steps
of:

a) during transfer from the primary to the
premixed mode of operation, diverting 100% of the fuel to a
plurality of tertiary fuel nozzles arranged in circular
array about a longitudinal axis of the combustor, proximate
but not upstream of a throat portion of the venturi, for
injection into the secondary combustion chamber, thereby
causing flame out on the primary combustion chamber and
providing a stable diffusion flame on the secondary
combustion chamber; and

(b) upon flame out in the primary combustion
chamber, diverting a portion of the fuel back to the
primary fuel nozzles for injection of fuel into the primary
combustion chamber for premixing with air, and diverting
the remaining portion of the fuel to the secondary fuel

nozzle for injection into the secondary combustion chamber.

Additional objects and advantages will become apparent
from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a partial side sectional view of a known

dry low NOx combustor;
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FIGURE 2 is a partial side section of a portion of a
combustor as shown in Figure 1 but incorporating a tertiary

fuel injection system in accordance with this invention;
and

FIGURE 3 is a partial side section of a portion of a
combustor as shown in Figure 1 but incorporating a tertiary

fuel injection system in accordance with another embodiment
of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to Figure 1, a gas turbine 12 of the type
disclosed in U.S. Patent 4,292,801 includes a compressor
14, a combustor 16 and a turbine represented for the sake
of simplicity by a single blade 18. Although it is not
specifically shown, it is well known that the turbine is
drivingly connected to a compressor along a common axis.
The compressor 14 pressurizes inlet air which is then
turned in direction or reverse flowed to the combustor 16
where it is used to cool the combustor and also used to
provide air to the combustion process. The gas turbine
includes a plurality of the generally cylindrical
combustors 16 (only one shown) which are located about the
periphery of the gas turbine. 1In one particular gas
turbine model, there are fourteen such combustors. A
transition duct 20 connects the outlet end of its
particular combustor with the inlet end of the turbine to
deliver the hot products of the combustion process to the
turbine.

Each combustor 16 comprises a primary or upstream
combustion chamber 24 and a secondary or downstream
combustion chamber 26 separated by a venturi throat region
28. The combustor 16 is surrounded by a combustor flow

sleeve 30 which channels compressor discharge air flow to
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the combustor. The combustor is further surrounded by an
outer casing 31 which is bolted to the turbine casing 32.

Primary nozzles 36 provide fuel delivery to the
upstream combustion chamber 24 and are arranged in an
annular array around a central secondary nozzle 38. 1In one
model gas turbine, each combustor may include six primary
nozzles and one secondary nozzle. Each of the primary
nozzles 36 protrudes into the primary combustion chamber 24
through a rear wall 40. Secondary nozzle 38 extends from
the rear wall 40 to the throat region 28 in order to
introduce fuel into the secondary combustion chamber 26.
Fuel is delivered to the nozzles 36 through fuel lines (not
shown) in a manner well known in the art and described in
the aforementioned '801 patent. 1Ignition in the primary
combustion chamber is caused by a spark plug and associated
cross fire tubes, also well known in the art, and omitted
from the present drawings for the sake of clarity.

Combustion air is introduced into the fuel stage
through air swirlers 42 positioned adjacent the outlet ends
of nozzles 36. The swirlers 42 introduced swirling
combustion air which mixes with the fuel from nozzles 36
and provides an ignitable mixture for combustion, on
start-up, in chamber 24. Combustion air for the swirlers
42 1s derived from the compressor 14 and the routing of air
between the combustion flow sleeve 30 and the wall 44 of
the combustion chamber.

The cylindrical liner wall 44 of the combustor is

provided with slots or louvers 46 in the primary combustion
chamber 24, and similar slots or louvers 48 downstream of
the secondary combustion chamber 26 for cooling purposes,
and for introducing dilution air into the combustion zones

to prevent substantial rises in flame temperature.
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The secondary nozzle 38 is located within a centerbody
50 and extends through a liner 52 provided with a swirler
>4 through which combustion air is introduced for mixing

with fuel from the secondary nozzle as described in greater
detail below.

The apparatus, as described above, is substantially as
shown in the above identified '801 patent.

With reference now to Figure 2, a tertiary or third
fuel stage in accordance with a first exemplary embodiment
of the invention includes a plurality of fuel injection
tubes 56 (one shown) mechanically attached to, and arranged
circumferentially about the aft or diverging cone portion
58 of the venturi 60 (corresponding to the venturi 28 in
Figure 1). The venturi 60 also includes a converging
portion 62 upstream of the aft or diverging portion 58,
with the two portions meeting at the throat portion 64.

The venturi 60 as illustrated has an outer wall
construction which follows the contours of the converging
and diverging portions of the venturi but in radially
spaced relation thereto. Thus, an outer converging wall
portion 66 is joined to an outer diverging wall portion 68
at a throat region 70. The outer wall is provided wi*h a
plurality of cooling apertures 72 by which the venturi wall
sections 58 and 62 may be impingement cooled via compressor
air to reduce temperatures along the venturi.

The plurality of fuel injection tubes 56 are arranged
circumferentially about the diverging wall portion 58 of
the venturi, extending through the outer diverging wall 68
as shown in Figure 2. While only one tube 56 is shown, it
will be appreciated that as few as 2 or as many as eight
such tertiary fuel injection tubes 56 may be spaced
circumferentially about the venturi. All of the tubes 56

are connected to a common manifold 74 which supplies fuel
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from a single fuel line (not shown) to each of the fuel
injection tubes 56.

The matter of fuel supply and appropriate manifolding
are considered within the skill of the art and need not be
described here, other than to say that the manifold may be
located (1) externally of the combustor liner (as shown in
Figure 2); (2) in the chamber 76 between the liner 44 and
the venturi 60; or (3) externally of the combustor 30.

During the transfer to the premixed mode of operatioﬂ,
100X of the fuel is supplied to the fuel injection tubes
56, thereby causing flame out in the primary combustion
Chamber 24, while providing in the secondary combustion
Chamber 26 a stable pilot for unburned mixture existing the
first stage. In other words, a stable diffusion flame
operation is provided in the second stage chamber 26 and,
once flame out occurs in the primary combustion chamber 24,
a portion of the fuel can then be transferred back to the
primary fuel injection nozzles for pre-mixing purposes in
the primary combustion chamber 24, while the remaining
portion is transferred to the secondary fuel nozzle 38,
with burning thereafter occurring only in the secondary
combustion chamber 26.

Turning now to Figure 3, a centerbody 76 is
illustrated which corresponds generally to the centerbody
50 shown in Figure 1. Centerbody 76 includes an outer wall
or swirler 78 spaced from the secondary nozzle liner 80,
with a plurality of axially and circumferentially spaced
apertures arranged along the wall 78 for cooling purposes
and for introducing and swirling dilution air into the
combustion zone to prevent substantial rises in flame

temperature.
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A plurality of fuel injection tubes 84 (one shown,
but, again, between 2 and 8 may be utilized about the
circumference of the liner 80, with four being presently
preferred) are arranged to extend axially along the
centerbody 76 in the radial space between the swirler 78
and liner 80, and to extend at their respective discharge
ends 86 through slots 88 between the centerbody outer
swirler 78 and liner 80. Here again, the individual tubes
84 are preferably manifolded together via conduits such as
90, 92 and supplied by a single fuel line (not shown).

As in the first described embodiment, during the
transfer to pre-mixed operation, 100% of the fuel is
supplied to the tubes 84 for injection into the secondary
combustion chamber 26. The injected fuel efficiently
incinerates the low concentration transferred premixed gas
from the primary combustion chamber 24, resulting in high
combustion efficiency during the transfer. Here again, the
arrangement allows flame out in the primary combustion
chamber 24 and a stable diffusion flame operation in the
second stage. Once the primary combustion chamber flames
out, a portion of the fuel will be transferred back to the
primary fuel injection nozzles for premixing in the chamber
24, and the remaining fuel will be transferred to the
premixing secondary fuel nozzle for operation in the
premixed mode, i.e., with burning only in the secondary
chamber 26.

In both embodiments, the tertiary fuel must be
introduced at or downstream of the throat portion 64 of the

venturi 60 to ensure the desired result.

While the invention has been described with respect to
what i1s presently regarded as the most practical
embodiments thereof, it will be understood by those of
ordinary skill in the art that various alterations and
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modifications may be made which nevertheless remain within

the scope of the invention as defined by the claims which
follow.
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CLAIMS

l. An improved gas turbine combustor of the type
including primary and secondary combustion chambers with a
venturi including a throat portion located therebetween; a
plurality of primary fuel injection nozzles secured to a
combustor cap in an annular array upstream of the primary
combustion chamber; and a centerbody including a secondary
fuel nozzle, said centerbody extending from said combustor
cap to said secondary combustion chamber; the improvement
comprising a plurality of tertiary fuel injection nozzles
arranged in a circular array about a longitudinal axis of
the combustor, at a downstream of said venturi throat

portion, for injecting fuel into the secondary combustion
chamber.

2. The gas turbine combustor of claim 1 wherein said
tertiary fuel nozzles are located to inject fuel

substantially radially into said secondary combustion
chamber.

3. The gas turbine combustor of claim 1 wherein said
tertiary fuel nozzles are located to inject fuel
substantially axially into said secondary combustion
chamber.

4. The gas turbine combustor of claim 2 wherein said
venturi has converging and diverging wall portions and
wherein said tertiary fuel nozzles are mounted in said

diverging portion.

5. The gas turbine combustor of claim 3 wherein said
venturi has converging and diverging wall portioné and
wherein said tertiary fuel nozzles are mounted in said
throat portion.

VIRt B A T e A L Al T THCE B e 1 A ERATAL 115 D L Gt R (3 et iai T v gD ICa e
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6. The gas turbine combustor of claims 2 or 3 wherein
each of said tertiary fuel nozzles is connected to a common

fuel supply manifold.

7. The gas turbine combustor of claim 1 wherein said
centerbody includes an outer swirler wall spaced radially
outwardly of said secondary fuel nozzle and wherein said
tertiary fuel nozzles are located radially between said

outer swirler wall and said secondary fuel nozzle.

8. The gas turbine combustion of claim 7 wherein said
outer swirler wall is formed with a plurality of cooling

apertures arranged axially and circumferentially about said wall.

9. The gas turbine of claim 4 wherein said tertiary
nozzles are mounted substantially perpendicularly to said
diverging wall so that fuel exiting said tertiary fuel

nozzles has an axial component of flow.

10. A method of suppressing combustion dynamics
during transfer from a primary mode to a premixed mode of
operation in a dual stage gas turbine combustor which
includes primary and secondary combustion chambers
separated by a venturi and supplied with fuel from primary
and secondary fuel nozzles respectively and wherein, in a
primary mode fuel is fed to the primary combustion chamber
by said primary fuel nozzles for burning in the primary
combustion chamber only, and in a premixed mode fuel is fed
to the primary combustion chamber by said primary fuel
nozzles for premixing with air and for burni_ng in the
secondary combustion chamber, comprising the steps of:

a) during transfer from the primary to the
premixed mode of operation, diverting 100% of the fuel to a
plurality of tertiary fuel nozzles arranged in circular

array about a longitudinal axis of the combustor, proximate
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but not upstream of a throat portion of the venturi, for

injection into the secondary combustion chamber, thereby
causing flame out on the primary combustion chamber and

providing a stable diffusion flame on the secondary
combustion chamber; and

(b) upon flame out in the primary combustion
chamber, diverting a portion of the fuel back to the

primary fuel nozzles for injection of fuel into the primary
combustion chamber for premixing with air, and diverting
the remaining portion of the fuel to the secondary fuel

nozzle for injection into the secondary combustion chamber.

11. The method of claim 10 wherein said tertiary fuel

nozzles are located to inject fuel substantially radially
into said secondary combustion chamber.

12. The method of claim 11 wherein said venturi has
converging and diverging wall portions and wherein said

tertiary fuel nozzles are mounted in said diverging portion.

13. The method of claim 12 wherein each of said

tertiary fuel nozzles is connected to a common fuel supply
manifold.

14. The method of claim 10 wherein said centerbody
includes an outer swirler wall spaced radially outwardly of
sald secondary fuel nozzle and wherein said tertiary fuel

nozzles are located radially between said outer wall and
said secondary fuel nozzle.

15. The method of claim 14 wherein said tertiary fuel

nozzles are arranged to inject fuel substantially axially
into said secondary combustion chamber.
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16. The method of claim 15 wherein said all of said

tertiary fuel nozzles are connected to a common fuel supply

manifold.

1l7. The method of claim 14 wherein said outer swirler

wall is formed with a plurality of cooling apertures.

18. The method of claim 12 wherein said tertiary
nozzles are mounted substantially perpendicularly to said
diverging wall so that fuel exiting said tertiary fuel

nozzles has an axial component of flow.
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