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. RADIAL INFLOW DUAL FUEL INJECTOR

Abstract of the Disclosure

A gas turbine engine combustor can operate on either liquid fuel or
gaseous fuel while maintaining low levals of nitrous oxide emissions. An
5 upstream end of each of a piurality of mixing tubes includes an extemai
manifold that is supplied with gaseous fuel. The gaseous fuel is injected into
the mixing tubes through a plurality of orifices with sufficisnt momentum to be
uniformly distributed across the flow path of each mixing tube. The optimum

fuel/air ratio for low nitrous oxide emissions does not exceed seventy five
percent (75%) of the stoichiometric ratio for a given fuel.
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Descrniption
RADIAL INFLOW DUAL FUEL INJECTOR

Technical Field

This invention relates to combustors for gas turbine engines and. more

particularly, to combustors operating on either liquid fuel or gaseous fuel with
low nitrous oxide emissions.

Background Art

As a byproduct of combustion, gas turbine engines typically emit
nitrous oxides (NO,) that are harmful to the atmosphers. Formation of nitrous
oxides during the combustion process generally resuits from a reaction
between fuel and air at high temperatures. The leve! of nitrous oxide
erissions can be reduced by controiling the temperature during the
combustion process. A known approach {o control the combustion
temperatures and therefore to minimize the nitrous oxide emissions is to
ensure complete combustion of the fuel and to achieve uniform mixing of fuel
and air.

U.S. Patents Nos. 4,222 232 to Robinson, 4,226,083 to Lewis et al,
and 4,215,535 to Lewis teach an effective method and apparatus for reducing

nitrous oxide emissions from gas turbine engines that operate on liquid fuel by
ensuring complete combustion of the fuel and by achieving uniform mixing of
fuel and air. The configuration described in the above-mentioned patents is
very sensitive to any variations therein. It is the precise system described in
those patents that resuits in low nitrous oxide emissions. However, with
fluctuating fuel prices, it is desirable for many customers with power
generation needs to have the choice of operating gas turbine engines on
either liquid fuel or gaseous fuel. Aithough a number of dual fuei nozzles are
commercially available, none yield low nitrous oxide emissions with the
configuration described in the U.S. patents mentioned above. Also, gas

turbine engines operating on gaseous fuel must compensate for the variations
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in natural gas fuel temperature and pressure that are site specific. Most of the
existing dual fuel nozzies cannot be adjusted easily to accommodate for

vanations in gaseous fuel while preducing low nitrous oxide emissions. Thus,
there is a great need in the Industry to offer power generation customers a

choice to operate on either liquid fuel or gaseous fuel while maintaining an
acceptably low ievel of nitrous oxide emissions.

Disclosure of the invention

it is an object of the present invention to minimize nitrous oxide
emissions in combustors operating on either liquid fuel or gaseous fuei.

It is another object of the present invention to add gaseous fuel
capability to a liquid fuel only combustor, already yieiding an acceptable
nitrous oxide emissions level, without negatively impacting the level of those
emissions.

Aooording. to the presént invention, a gaseous fuel injection capability
I8 implemented on an existing combustion system that yields low nitrous oxide
emissions. An annular, extemal manifold is fixedly mounted at an upstream
end of each of a plurality of mixing tubes so that gaseous fuel is supplied to
the manifold and then injected into each of the plurality of mixing tubes
through a piurality of gas orifices with sufficient momentum to be uniformiy
distributed across the flow path of the mixing tube. The orifices are formed
within the mixing tube in a substantially perpendicular relationship to the
mixing tube wall so that the maximum penetration for a given momentum is
generated. The injected gaseous fuel is uniformly distributed across the flow
path and is thoroughly mixed at the downstream end of each mixing tube as
the fuel/air mixture enters the combustor. The optimum fuel/air ratio for low

nitrous oxide emissions is approximately fifty to seventy five percent (50-75%)
of the stoichiometric ratio for the primary mixing tubes and for the secondary

mixing tube for each gaseous fuel and liquid fuel.
One primary advantage of the present invention is that the addition of
the gaseous fuel capability does not interfere with the liquid fuel flow path and

does not negatively impact the nitrous oxide emission while the gas turbine
engine operates on liquid fuel.
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The foregoing and other objects and édvantages of the present invention
become more apparent in light of the fol'lowing detailed description of the exemplary
embodiment thereof, as illustrated in the accompanying drawings.

In accordance with a general aspect of the preSent invention, there 1s
provided a combustor having a combustion zone including a centrél portion and a
radially outward portion, and having a fuel/air mixing zone upstream of the
combustion zone, said combustor having a plurality of primary fuel/air mixing tubes
oriented to discharge a mixture of fuel and air circumferentially into said radially
outward portion of the combustor, said combustor having a secondary fuel/air mixing
tube having means for swirling a fuel/air mixture circumferentially into said central.
portion of the combustor, said combustor having means for igniting the primary
fuel/air mixture so as to cause the swirling, secondary fuel/air mixture to be
centrifuged outwardly into the burming primary fuel/air mixture, said combustor
characterized by:

an airblast liquid fuel mjector centrally mounted at an upstream end of
sald secondary fuel/air mixing tube for injecting liquid fuel into said secondary
fuel/air mixing tube; and

' a manifold disposed radially outward from a mixing tube wall at said
upstream end of said secondary fuel/air mixing tube, said manifold having a plurality
of orifices formed within said mixing tube wall for injecting gaseous fuel into said
secondary fuel/air mixing tube.

In accordance with a further general aspect of the present invention,
there 1s provided a combustor having a combustion zone including a central portion
and a radially outward portion, and having a fuel/air mixing zone upstream of the
combustion zone, said combustor having a plurality of primary fuel/air mixing tubes
oriented to discharge a mixture of fuel and air circumferentially into said radially
outward portion of the combustor, said combustor having a secondary fuel/air mixing
tube having means for swirling a fuel/air mixture circumferentially into said central
portion of the combustor, said combustor having means for igniting the primary

fuel/air mixture so as to cause the swirling, secondary fuel/air mixture to be
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centrifuged outwardly into the burning primary fuel/air mixture, said combustor
charactenized by:

an airblast hiquid fuel injector centrally mounted at an upstream end of
each said fuel/air mixing tube for injecting liquid fuel into each said fuel/air mixing
tube; and .

a manifold disposed radially outward from a mixing tube wall at said
upstream end of each said fuel/air mixing tube, said manifold having a plurality of
orifices formed within said mixihg tube wall for injecting gaseous fuel into each said
fuel/air mixing tube.

In accordance with a further general aspect of the present invention,
there 1s provided a combustor structure having a combustion zone including a central
portion and a radially outward portion encased by a cylindrical body, and having a
fuel and air mixing zbne upstream thereof which includes a main fuel and air mixing
tube surrounded by a plurality of pilot fuel and air mixing tubes wherein said main
tube includes means for circumferentially swirling effluent dischargeable therefrom
into the central portion of the combustion zone and wherein said pilot tubes are so
oriented as to cause effluent dischargeable therefrom to swirl circumferentially about
the radially outward portion of the combustor, said combustor Characterized by:

an airblast liquid fuel injector centrally mounted at an upstream end of
said secondary fuel/air mixing tube for injecting liquid fuel into said secondary
fuel/air mixing tube; and

a manifold disposed radially outward from a mixing tube wall at said
upstream end of said secondary fuel/air mixing tube, said manifold having a plurality
of orifices formed within said mixing tube wall for injecting gaseous fuel into said

secondary fuel/air mixing tube.

Brief Description of the Drawings

Figure 1 1s a simplified external perspective view of a combustor with a
secondary mixing tube and a plurality of primary mixing tubes;

Figure 2 1s a simplified, partially broken-away, cross-section view of the

combustor Fig. 1 as installed in an engine;
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Figure 3 1s a front view of the combustor 1llustrated in Fig. 1;

Figure 4 1s a simplified cross-section view of a ventur1 premixer of the
secondary mixing tube of Fig. 1; and

Figure S is a cross-section view taken through the combustor in the direction

5-5 as shown 1n Fig. 2.

Best Mode for Carrying Out the Invention

Referring to Fig. 1, a can-type combustion chamber, or combustor, 1s of the
same type as described in U.S. Patents 4,226,083 to Lewis et al., 4,215,535 to Lewis,
and 4,222,232 to Robinson. The combustor includes a fuel/air mixing zone 10, a
combustion zone 12, and a dilution zone 14. The combustion zone 12 is formed by a
cylindrical body 16. The fuel/air mixing zone 10 includes a plurality of primary, or
pilot mixing tubes 18 and a single secondary, or main mixing tube 20. Each bf the
primary mixing tubes 18 has a serpentine geometry. The secondary mixing tube 20 is
axially oriented with respect to the combustion chamber and 1s positioned near, but
not necessarily coincident with, the axis of the combustion chamber.

Although a single combustor 1s shown, it is anticipated that a plurality of
combustors will be employed in each engine. Referring to Fig. 2, the combustors are
circumferentially spaced about the engine in an annulus 22 between an inner engine
case 24 and an outer engine case 26. A diffuser 28 leads axially into the annulus 22
from a compression section (not shown). Each combustor discharges through a

transition duct 30 to a turbine section
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(not shown). Dilution air is flowable into the dilution zone of the combustor
through the dilution holes 32. Anignitor 34 penetrates the combustor in the
region of discharge of the fuel/air mixture from the primary tubes 18.
Referring to Figs. 2-4, each primary tube 18 and the secondary tube
5 20 include a venturi fuel/air premixer 40 at an upstream end 42 thereof. An
airblast liquid fuel nozzle 44 is centrally mounted within each venturi premixer

40. The secondary tube 20 also includes a plurality of iniet swirl vanes 46 that

are mounted radially outward of the air blast liquid nozzle 44 and radially

inward of a venturi premixer wali 48 of the venturi premixer 40, as can be seen
10  inFig. 4. An annular, external gaseous fuel manifold 50 is disposed radially
outward from the venturi premixer wall 48 of each primary tube 18 and of the
secondary tube 20. A plurality of gas orifices 52 are formed within the venturi
premixer wall 48 of each tube 18, 20. The gas orifices 52 are formed in a
substantiatly pérpendicular relationship to the venturi premixer wall 48 and are
equaily spaced from each other in the circumferential direction. Although it is
desirable to locate the gas orifices as far upstream as possible for optimum
mixing, the orifices must be disposed sufficiently downstream so they do not
impinge on the inlet swirl vanes 486 of the secondary tube 20. The shape of
the gas orifices 52 is shown to be circular, However, other shapes such as
20 siots or slits are acceptable.

Referring to Fig. 3, a liquid fuel supply means 56 supply liquid fue! to
the airblast liquid fuel nozzie 44 of each primary tube 18. A gaseous fuel

supply means 58 supply gaseous fuel to the manifold 50 of each of the
primary tube 18. A liquid fuel supply means 60 and gaseous fuel supply

25  means 62 supply liquid and gaseous fuel, respectively, to the airblast liquid
fuel nozzle 44 and the manifold 50 of the secondary tube 20, respectively.
The primary liquid fuel supply means 58 and the secondary liquid fuel suppiy
means 60 are independently operable so as to enable staging of the liquid
fuel flow to the combustor. The primary gaseous fuel supply means 58 and

30 the secondary gaseous fuel supply means 62 are independently operable so
as 1o enable staging of the gaseous fuel flow to the combustor.

Each of the primary tubes 18 is adapted to discharge the gases
flowing therethrough circumferentially into the radially outward portion of the
combustion zone of the combustor. The secondary tube 20 is adapted to
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discharge the gases flowing therethrough into the central portion of the
combustion zone. Referring to Fig. 5, the downstream end of the secondary
tube 20 has an exit swirler 70 disposed thereacross. The swirer 70 is
comprised of a plurality of exit vanes 72 for imparting a circumferential swiri to
the medium gases flowing through the secondary mixing tube 20. A central
plug 74 having a plurality of holes 78 disposed therein is positioned at the
center of the mixing tube 20. Each of the primary or pilot mixing tubes 18 (not
shown) discharges into the combustion chamber through a comresponding
aperture 78. Flow discharged through the apertures 78 of the prnmary mixing
tubes 18 is caused to swirl circumferentially about the chamber in a direction
opposite to that at which the gases are discharged from the secondary mixing
tube 20.

During operation of the combustor on liquid fuel, the operation of the
combustor remains substantially the same as was described in the above-
mentioned U.S. patents. Thus, the phenomena described thersin remains
unaffected by the addition of the gaseous fuel capability.

During operation of the combustor on gaseous fuel, gaseous fuel is
flowed through the gaseous fuel supply means 58 to the respective manifolds
50 of the primary tubes 18. The gaseous fuel is radially injected into the flow
path through the gas orifices 52 with sufficient momentum to be distributed
across the flow path of the primary mixing tubes 18. The combustor air enters
the venturi premixer 40 substantiaily perpendicular to the gas jets so that the
gas obtains maximum penetration for a given momentum. The gaseous fuel
mixes with air in the primary tubes 18 in a ratio which is within the range of
approximately fifty to seventy-five percent (50-75%) of the stoichiometric ratio
for the gaseous fuel employed.

The fuel/air mixture is subsequently discharged into the combustion
zone 12 of the chamber through the apertures 78. The serpentine geometry
of the primary tubes 18 increases the mixing time of the fuel and air mixture
while the tangential discharge imparts a circumferential swirl to the fuel/air
mixture discharged therefrom. This swirling mixture is ignited in the
combustion zone by the ignitor 34.

As the power level of the engine is increased, additional gaseous fuel
is flowed through the supply means 62 to the manifolds 50 of the secondary

5
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tube 20. The gaseous fuel is radially injected into the fiow path through the
gas orifices 52 with sufficient momentum to be distributed across the flow path
of the secondary mixing tubes 20. The combustor air enters the venturi
premixer 40 substantially perpendicular to the gas jets so that the gas obtains
maximum penetration for a given momentum. The gaseous fuel in the
secondary tube 20 mixes with air flowing therethrough at a ratio which is
approximately fifty to seventy-five percent (50 - 75%) of the stoichiometric
ratio for the gaseous fuel empioyed. The fuel/air mixture is subsequently
directed across the exit swirl vanes 72. The vanes impart a circumferential
swiri to the mixture and in combination with the swirling fuel/air mixture from
ﬁw primary tubes 18 cause a strong centrifugal force field to develop within
the combustion zone. |

Igniting and burning the primary fuel/air mixture substantially reduces
the density of the gases in the radially outward portion of the combustion
zone. Accordingly, the fuel/air mixture from the secondary tube is centrifuged

outwardly into these hot, less dense gases. The hot gases raise the

temperature of the secondary fuel/air mixture above the auto ignition point

causing ignition of the secondary mixture. The forced mixing of the secondary
fuel/air mixture into the combusting, primary, fuel/air mixture causes very rapid
buming of the available fuel. Consequently, the time exposure of nitrogen
and oxygen bearing gases to the high combustion temperature may be
curtailed after short duration by the injection of temperature modifying dilution
air through the holes 32.

It is the approach of the present invention that the combustor be
operated at a lean fuel/air ratio for liquid fuel as well as for the gaseous fuel,
that is in an oxygen rich environment in which the combustion temperature is
substantially below the stoichiometric temperature. A fuel/air ratio not
exceeding seventy-five percent (75%) of stoichiometric values adequately limit
the production of nitrous oxides. Collaterally, excess oxygen assures

complete combustion of the fuel and resuitant low carbon monoxide
emissions.

To maintain low fuel/air ratios, staged combustion is employed.

Throughout the operating range of the engine, the fuel/air ratios in both the
primary tubes and the secondary tubes are closely controlied.
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The primary advantage of the present invention is that a gas turbine

engine can operate on either liquid fuel or gaseous fuel while maintaining iow
nitrous oxide emissions.

Another advantage of the present invention is that the configuration for
gaseous fuel injection can be modified easily to compensate for differences in
operating conditions of customers. Natural gas at each different customer site
has different temperature and pressure. To compensate for these variations
in natural gas, each gas tbfbine éngine must be customized to a specific site.
The present invention allows for easy modification by changing the size of
ornfices. *

Although the invention has been shown and described with respect to |
preferred embodiments thereof, it shouid be understood by those skilled in the
art that various changes and omissions in the form and detail thereof may be
made therein without departing from the spirit and scope of the invention. For
exampie, the inciusion of the manifold is not as critical for the primary tubes as
it is for the secondary tubes. The serpentine shape of the primary tubes
promotes mixing of air and fuel, thereby resuiting in a substantially uniform
fuel/air mixture at the downstream end of the primary tubes. The secondary

tube, however, does require an airblast nozzle for liquid fuel and the manifold
for gaseous fuel.
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CLAIMS:

1. A combustor having a combustion zone including a central portion
and a radially outward portion, and having a fuel/air mixing zone upstream of the
combustion zone, said combustor having a plurality of primary fuel/air mixing tubes
oriented to discharge a mixture of fuel and air circumferentially into said radially
outward portion of the combustor, said combustor having a secondary fuel/air mixing
tube having means for sWirling a fuel/air mixture circumferentially into said centra'l
portion of the combustor, saild combustor having means for igniting the primary
fuel/air mixture so as to cause the swirling, secondary fuel/air mixture to be
centrifuged outwardly into the burnming primary fuel/air mixture, said combustor
characterized by:

an airblast liquid fuel injector centrally mounted at an upstream end of
sald secondary fuel/air mixing tube for injecting liquid fuel into said secondary
fuel/air mixing tube; and

a manifold disposed radially outward from a mixing tube wall at said
upstream end of said secondary fuel/air mixing tube, said manifold having a plurality
of orifices formed within said mixing tube wall for injecting gaseous fuel into said

secondary fuel/air mixing tube.

2. The combustor according to claim 1 further characterized by said
orifices being formed in a substantially perpendicular relationship to said mixing tube

wall.

3. A combustor having a combustion zone including a central portion
and a radially outward portion, and having a ﬁJel/air mixing zone upstream of the
combustion zone, said combustor having a plurality of pﬁmary fuel/air mixing tubes
oriented to discharge a mixture of fuel and air circumferentially into said radially
outward portion of the combustor, said combustor having a secondary fuel/air mixing
tube having means for swirling a fuel/air mixture circumferentially into said central

portion of the combustor, said combustor having means for igniting the primary
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fuel/air mixture so as to cause the swirling, secondary fuel/air mixture to be
centrifuged outwardly into the buming primary fuel/air mixture, said combustor
characterized by:

an airblast liquid fuel injector centrally mounted at an upstream end of
each said fuel/air mixing tube for injecting liquid fuel into each said fuel/air mixing
tube; and |

a manifold disposed radially outward from a mixing tube wall at said
upstream end of each said fuel/air mixing tube, said manifold having a plurality of
ortfices formed within said mixing tube wall for injecting gaseous fuel into each said

fuel/air mixing tube.

4. The combustor according to claim 3 further characterized by said
orifices being formed in a substantially perpendicular relationship to said mixing tube

wall.

3. A combustor structure having a combustion zone including a central
portion and a radially outward portion encased by a cylindrical body, and having a
fuel and air mixing zone upstream thereof which includes a main fuel and air mixing
tube surrounded by a plurality of pilot fuel and air mixing tubes wherein said main
tube 1ncludes means for circumferentially swirling' effluent dischargeable therefrom
into the central portion of the combustion zone and wherein said pilot tubes are so
oriented as to cause effluent dischargeable therefrom to swirl circumferentially about
the radially outward portion of the combustor, said combustor characterized by:

‘an airblast liquid fuel injector centrally mounted at an upstream end of
said secondary fuel/air mixing tube for injecting liquid fuel into said secondary
fuel/air mixing tube; and

a manifold disposed radially outward from a mixing tube wall at said
upstream end of said secondary fuel/air mixing tube, said manifold having a plurality
of orifices formed within said mixing tube wall for injecting gaseous fuel into said

secondary fuel/air mixing tube.
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