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FUEL DELIVERY SYSTEMS AND METHODS

ABSTRACT OF THE DISCLOSURE

A fuel delivery system 100 and method for operating a dual fuel and
steam turbine engine that utilizes gas fuel 103 at the engine start phase
through a combination of gas 104 and liquid fuel 118, 120 circuits. Gas fuel
103 initially flows through the liquid fuel circuits 118, 120 to a dual fuel and
steam nozzle 110. A boiler connected to the system 100 generates steam 131,
and the steam 131 is supplied to the nozzle 110 to 'réise the fuel pressure to an
acceptable range. The gas fuel 103 is injected into both the liquid 118, 120 and
gas fuel 104 circuits and the engine can then operate on either gas 103 or

liquid fuel, or any combination thereof.




!

Our Ref:7462590 P/00/011
Regulation 3:2

AUSTRALIA

Patents Act 1990

ORIGINAL
COMPLETE SPECIFICATION
STANDARD PATENT

el Applicant(s): General Electric Company
e One River Road
Fairfield Connecticut 06431-0001
UNITED STATES OF AMERICA

Address for Service: DAVIES COLLISON CAVE
Patent & Trade Mark Attorneys
Level 10, 10 Barrack Street
SYDNEY NSW 2000

Teut 2 Invention Title: Fuel delivery systems and methods

The following statement is a full description of this invention, including the best method of
performing it known to me:-

5020




10

15

20

25

_ 13DV12809

FUEL DELIVERY SYSTEMS AND METHODS

BACKGROUND OF THE INVENTION

This invention. relates generally to turbine engines and, more

particularly, to fuel systems for turbine engines.

Dual fuel turbine engines typically utilize a gas and a liquid fuel, along
with steam, during engine operation. Premix gas fuel and steam nozzles are
configured such that under maximum fuel flow conditions, where product
requirements are met, the fuel pressure within the fuel nozzle is within an
acceptable range. The fuel pressure within the fuel nozzle sometimes is

referred to herein as the fuel nozzle pressure.

Setting the fuel nozzle so that the fuel will have an acceptable pressure
during maximum fuel flow conditions can cause engine flame outs at engine
start conditions. That is, the flame necessary for fuel combustion dies out due
to an unacceptably low fuel nozzle pressure at the fuel nozzle tip during

relatively low fuel flow rates.

Dual fuel engines configured with gas and liquid fuels, and steam,

customarily exhibit reduced operation performance during normal engine

start and low power conditions. Specifically, undesirable flame outs may

occur, even under steady state fuel flow conditions, if there is a relatively low
pressure ratio at the fuel nozzle tip while operating primarily on gas fuel.
Unfortunately, raising the fuel nozzle pressure during engine start conditions
can cause operational problems at the maximum fuel flow end where the

engine operates most of the time.

Accordingly, it would be desirable to improve the functionality of a

dual fuel engine during normal engine start and operating conditions.
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Additionally, it would be desirable if the improved functionality during
engine start did not adversely affect the operation of the engine during

maximum fuel flow conditions.

BRIEF SUMMARY OF THE INVENTION

These and other objects may be attained by a fuel delivery system and
methods for delivering fuel to a dual fuel turbine engine which is configured
to start and operéte, at least partially, on gas fuel. The fuel delivery system

"includes at least one gas fuel circuit configured to deliver gas fuel, at least one

liquid fuel circuit configured to deliver liquid fuel, a steam circuit configured
to deliver steam, and a dual fuel nozzle. The dual fuel nozzle includes a
plurality of fuel inlets, a steam inlet, a fuel and steam premix chamber, and a

fuel nozzle tip.

More specifically, the fuel delivery system has at least one connecting
line that connects the gas fuel circuit to the liquid fuel circuit. The connecting
line is in flow communication with the gas fuel circuit and the liquid fuel
circuit. During initial operation of the engine at least a portion of the gas fuel
is diverted from the gas fuel circuit to at least one liquid fuel circuit to
increase fuel pressure at the fuel nozzle tip during normal engine start and

operation conditions.

" Once the engine has operated a sufficient length of time, a boiler
generates steam that is utilized to raise the fuel nozzle pressure above the
combustor flammability deficiency range. The flow of gas fuel is diverted
from the liquid fuel circuit to the gas fuel circuit and into the nozzle. The gas
fuel purge is cleared from the liquid fuel circuit and liquid fuel is then
supplied through the liquid fuel circuit.
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The combined use of liquid and gas fuel circuits allows operation of the
turbine engine even when steam is not available. The system can operate
under steady state fuel flow conditions at relatively low pressure, and under

maximum flow conditions, where the engine operates most of the time.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of a fuel delivery system.

Figure 2 is a cross section view of a dual fuel and steam nozzle.

: . DETAILED DESCRIPTION OF THE INVENTION

10 Figure 1 illustrates a fuel delivery system 100 for a turbine engine (not
shown) that includes a combustor (not shown). During a start phase of the
engine, fuel delivery system 100 utilizes a gas metering valve 102 to allow a

measured amount of gas fuel 103 to enter a gas fuel circuit 104 for use in the

. combustor. Gas fuel circuit 104 includes at least one gas shutoff valve 106,

"t 15 and at least one gas fuel line 108. A nozzle 110 includes a gas fuel inlet 112 in

fluid flow communication with gas fuel circuit 104. In one embodiment,

nozzle 110 is a dual fuel and steam nozzle.

Fuel delivery system 100 further includes a first connecting line 114

and a second connecting line 116 in fluid flow communication with gas fuel

20 circuit 104. First connecting line 114 is also in fluid flow communication with
a primary liquid fuel circuit 118 and second connecting line 116 is also in fluid

flow communication with a secondary liquid fuel circuit 120. Gas fuel may be

diverted from gas fuel circuit 104 to either primary liquid fuel circuit 118,
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secondary liquid fuel circuit 120, or both, during normal engine start and

operation conditions.

Liquid fuel is supplied to primary liquid fuel circuit 118 and secondary
liquid fuel circuit 120 through a liquid flow divider 122. Primary liquid fuel
circuit 118 includes at least one first liquid fuel line, primary liquid fuel line
124 and secondary liquid fuel circuit 120 includes at least one second liquid
fuel line, secondary liquid fuel line 126. Nozzle 110 includes a liquid fuel
primary inlet 128 and a liquid fuel secondary inlet 130 that are in fluid flow
communication with primary liquid fuel circuit 118 and secondary liquid fuel

circuit 120, respectively.

Steam 131 is generated and supplied to fuel delivery system 100
through a steam circuit 132. Steam circuit 132 includes a steam shut off valve
134, a steam metering valve 136, and a steam line 138. Nozzle 110 includes a

steam inlet 140 that is in fluid flow communication with steam circuit 132.

At engine start, gas fuel is diverted from gas fuel line 108 to primary
liquid fuel line 124 through first connecting line 114. Gas fuel may also be
diverted from gas fuel line 108 to secondary liquid fuel line 126 through
second connecting line 116. A gas fuel transfer valve 141 directs gas fuel to
first connecting line 114 and second connecting line 116. For example, when
gas fuel transfer valve 141 is open, gas fuel flows primarily through gas fuel
line 108, and when gas fuel transfer valve 141 is closed, gas fuel flows
primarily through fuel lines 124 and 126.

Fuel delivery system 100 utilizes a metered total liquid fuel supply 142
connected to liquid flow divider 122 to supply liquid fuel to the turbine
combustor. Given that the engine must be capable of starting on gas fuel, the

total metered amount of gas fuel is injected into the combustor, at the start of
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the engine, through primary liquid fuel circuit 118, secondary liquid fuel

circuit 120, gas fuel circuit 104, or some combination of circuits.

The total metered amount of gas is injected into the engine, combustion
occurs, and an engine flame and heat are generated. In one embodiment, the
requisité initial fuel pressure is generated by gas fuel supplied to the
combustor through a combination of liquid fuel primary inlet 128 and liquid
fuel secondary inlet 130. Liquid fuel inlets 128 and 130 are smaller than gas
inlet 112 which allows the gas fuel to be supplied at a higher pressure than if
it were supplied solely through gas fuel inlet 112.

The engine includes a boiler (not shown) that generates steam. The
boiler is in fluid flow communication with steam circuit 132. Steam flows
through steam circuit 132 and raises the fuel pressure within nozzle 110.
When the steam pressure reaches a predetermined value, the gas fuel is
purged from primary liquid fuel line 124 and secondary liquid fuel line 126,
and diverted back to gas line 108 where it enters nozzle 110 through gas inlet
112. Gas fuel then flows at a minimum flow level (purge) through first

connecting line 114 and second connecting line 116.

Liquid fuel is supplied through liquid flow divider 122 to primary
liquid fuel circuit 118 and secondary liquid fuel circuit 120. Liquid and gas
fuel, in combination with steam, are supplied to the combustor. The pressure
of the gas fuel and steam mixture through the nozzle is sufficient to prevent
flame outs during operation of the engine. The engine can be operated
through gas and liquid fuel circuits or some combination when steam is not

available to raise fuel nozzle pressure.

Figure 2 illustrates one embodiment of a dual fuel and steam nozzle
200. Nozzle 200 could be used, for example, in connection with system 100

(i.e., as nozzle 110). Nozzle 200 includes a gas fuel inlet 202, a liquid fuel
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primary inlet 204, and a liquid fuel secondary inlet 206. Gas fuel inlet 202 is
larger than liquid fuel primary inlet 204 and liquid fuel secondary inlet 206.
The reduced size of liquid fuel inlets 204 and 206 increases the pressure of the
gas fuel as it flows through inlets 204 and 206. The increased pressure allows
5 the engine to initially operate on gas fuel while reducing the probability of
engine flame out due to unacceptable pressure through the fuel nozzle at low

fuel flow rates.

Nozzle 200 also includes a steam inlet 208, a premix chamber 210 and a
fuel nozzle tip 212. In one embodiment, premix chamber 210 is unitary with
g ' 10 and common to inlets 202 and 208. Nozzle 200 is fabricated from an inconel

alloy.

o e Gas fuel normally flows through gas fuel inlet 202. However,

operation limitations can be exhibited in a dual fuel and steam turbine engine

O - during a normal engine start sequence or during low operating ranges. In one

N 15 embodiment, during initial engine operation gas fuel flows through liquid
e fuel primary inlet 204 and liquid fuel secondary inlet 206.

Also, the turbine engine includes a boiler that generates steam during

oo engine operation. Once steam is generated, it flows through steam inlet 208
et and enters fuel and steam premix chamber 210. The steam raises the fuel
20 pressure to an acceptable range in nozzle 200 at fuel nozzle tip 212. Gas fuel

is then directed back to gas fuel inlet 202 and liquid fuel flows through liquid
fuel primary inlet 204 and liquid fuel secondary inlet 206 for purge.

The fuel deliVery system utilizes the existing turbine engine fuel and

steam circuits to initially operate the turbine engine. In one embodiment, the

25 gas fuel is routed from the gas fuel line to a combination of liquid fuel lines to
achieve initial fuel pressure and operate the turbine engine until steam is

generated. As a result, the gas fuel can be diverted back to the gas fuel line
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and the turbine engine can be operated through gas and liquid fuel circuits or

some combination should steam not be available to raise fuel nozzle pressure.

From the preceding description of various embodimenté of the present
invention, it is evident that the objects of the invention are attained. Although
the invention has been described and illustrated in detail, it is to be clearly
understood that the same is intended by way of illustration and example only
and is not to be taken by way of limitation. Accordingly, the spirit and scope

of the invention are to be limited only by the terms of the appended claims.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, or variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of a statedinteger or step or
group of integers or steps but not the exclusion of any other integer or step or group of

integers or steps.
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The claims defining the invention are as follows:

1. A fuel delivery system for a turbine engine, said fuel delivery system comprising at
least one fuel line configured to deliver to the turbine engine a first fuel during initial
operation of the engine and a second fuel once the engine has operated a predetermined
length of time, a fuel nozzle inflow communication with said fuel line, and including a
common premix portion in flow communication with at least one steam circuit and at least
one gaseous fuel circuit coupled in flow communication with a plurality of liquid fuel
circuits, such that steam and gaseous fuel entering said fuel nozzle are premixed, said
steam circuit comprising a steam line comprising at least one of a shut off valve and a
metering valve, said steam line configured to supply steam to the turbine engine through

said fuel nozzle.

2. A fuel delivery system in accordance with claim 1 wherein said fuel nozzle

includes a plurality of fuel inlets.

3. A fuel delivery system in accordance with claim 2 wherein said plurality of fuel

inlets comprises a gas fuel inlet and at least one liquid fuel inlet.
4. A fuel delivery system in accordance with claim 3 wherein said gas fuel inlet is
larger than said at least one liquid fuel inlet said gaseous fuel circuit comprises at least one

gas fuel line connected to said gas fuel inlet.

S. A fuel delivery system in accordance with claim 4 wherein:
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said at least one liquid fuel inlet comprises a first liquid fuel inlet and a second
liquid fuel inlet, said plurality of liquid fuel circuits comprising a first liquid fuel line
connected to said first liquid fuel inlet, and a second liquid fuel line connected to said
second liquid fuel inlet; and

said gas fuel line is larger than said first liquid fuel line and said second liquid fuel

line.

6. A fuel delivery system in accordance with claim 5 further comprising:

a first connecting line connecting said gas fuel line to said first liquid fuel line, and
a second connecting line connecting said gas fuel line to said second liquid fuel line; and

a boiler in flow communication with said steam line, said fuel nozzle further
including a steam inlet, said steam line configured to supply steam through said steam inlet

to said fuel nozzle common premix portion.

7. A fuel delivery system in accordance with claim 6 wherein said system is
configured to:

direct gas fuel to said first and second liquid fuel lines through said first and second
connecting lines, respectively, during operation of the engine; and

supply gas fuel through said gas fuel inlet to said common premix portion after a

predetermined pressure has built up within said common premix portion.

8. A fuel delivery system in accordance with claim 7 wherein said system is

configured to:
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direct gas fuel from said first and second liquid fuel lines through said first and
second connecting lines, to said gas fuel line;
and direct liquid fuel to said first and second liquid fuel lines once the engine has

operated a predetermined length of time.

9. A method for delivering fuel through a fuel delivery system to a combustor of a
turbine engine, the fuel delivery system including a fuel nozzle, a gaseous fuel circuit, a
steam circuit, and a plurality of liquid fuel circuits, the fuel nozzle including a gas fuel
inlet, a first liquid fuel inlet, a second liquid fuel inlet, and a steam inlet, the gaseous fuel
circuit including a gas fuel line connected to the gas fuel inlet, the plurality of liquid fuel
circuits including a first liquid fuel line and a second liquid fuel line connected to the first
and second liquid fuel inlets, respectively, a first connecting line connecting the gas fuel
line to the first liquid fuel line, and a second connecting line connecting the gas fuel line to
the second liquid fuel line, the steam circuit including a steam line connected to the steam
inlet and including a steam shut off valve and a metering valve, said method comprising
the steps of:

supplying gas through the gas fuel line into a premix chamber formed within the
fuel nozzle and in flow communication with the gaseous fuel circuit and a steam circuit,
wherein the gaseous fuel circuit is in flow communication with the plurality of liquid fuel
circuits;

and directing the gas from the gas fuel line to at least one of the connecting lines,
through at least one of the liquid fuel lines, and through at least one of the liquid fuel inlets

to the fuel nozzle during operation of the engine.
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10. A method in accordance with claim 9 wherein said step of directing the gas
includes the steps of:

directing the gas through the first connecting line, the first liquid fuel line and the
first liquid fuel inlet; and

directing the gas through the second connecting line, the second liquid fuel line,

and the second liquid fuel inlet.

11. A method in accordance with claim 10 further comprising the steps of:

supplying steam through the steam line and through the steam inlet;

increasing the pressure through the premix chamber by supplying steam to the
premix chamber;

determining when a predetermined amount of pressure has built up within the
premix chamber;

supplying gas to the premix chamber through the gas fuel line and the gas fuel
inlet;

minimizing the flow of gas fuel through the first connecting line and the second
connecting line;

purging the gas fuel from the liquid fuel lines; and

supplying liquid fuel through the liquid fuel lines, and through the liquid fuel inlets

to the fuel nozzle tip.

12. A method in accordance with claim 9 wherein said step of directing the gas further

e e e e e e e e e e e e i e i ek BB A N 0
e e T ———— e e T, T e e P



ee oo
°
XXX
.
seoe
[ X
® ovee
L]
XXX
3
LX)
[ d
eoeece
[ L]

.
LXXXX 1]
L] °

10

15

20

PAWPDOC! Specification\7462590claims.doc-07/07/03

-12-

comprises the steps of:
directing a portion of the gas from the gas fuel line to the first connecting line,
through the first liquid fuel line, and through the first liquid fuel inlet to the fuel nozzle tip;
and supplying liquid fuel through the second liquid fuel line, and through the

second liquid fuel inlet to the fuel nozzle tip.

13. A method in accordance with claim 9 wherein said step of directing the gas further
comprises the steps of:

directing a portion of the gas from the gas fuel line to the first connecting line,
through the first liquid fuel line, and through the first liquid fuel inlet to the fuel nozzle tip
during operation of the engine;

and directing a portion of the gas from the gas fuel line to the second connecting
line, through the second liquid fuel line, and through the second liquid fuel inlet to the fuel

nozzle tip during operation of the engine.

14. A method in accordance with claim 11 wherein the premix chamber is common to

the gas fuel inlet and the steam inlet.

15.  An apparatus for delivering fuel to a turbine engine, said apparatus comprising:

a fuel nozzle comprising a plurality of inlets having a common premix chamber
formed within said fuel nozzle;

a gaseous fuel circuit comprising at least one fuel line configured to deliver fuel

through at least one of said fuel nozzle inlets into said premix chamber, said gaseous fuel
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circuit in flow communication with a plurality of liquid fuel circuits;
a steam circuit comprising at least one steam line connected in flow communication
with at least one of said fuel nozzle inlets and said premix chamber, said steam line

comprising a steam metering valve, and a shut off valve; and

a boiler coupled in flow communication with said steam line and configured to
supply steam through said steam line to said premix chamber.
16.  An apparatus in accordance with claim 15 wherein said at least one fuel line
comprises a gas fuel line connected to a gas fuel metering and shut off valve.
17.  An apparatus in accordance with claim 15 wherein said plurality of liquid fuel
circuits comprise:

a first liquid fuel line;

a second liquid fuel line;

a first connecting line connected to said gas fuel line and to said first liquid fuel
line;

and a second connecting line connected to said gas fuel line and to said second

liquid fuel line.

18. An apparatus in accordance with claim 17 wherein said apparatus is configured to

supply gas fuel through said first liquid fuel line and said second liquid fuel line.

19.  An apparatus in accordance with claim 17 wherein said apparatus is configured to
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supply a combination of gas and liquid fuel during operation of the engiﬁe.

20.  An apparatus in accordance with claim 15 wherein said fuel nozzle comprises:
a gas fuel inlet;
5 a liquid fuel primary inlet, and a liquid fuel secondary inlet; and

a steam inlet.

21. A fuel delivery system for a turbine engine, substantially as herein described with
reference to the accompanying figures.

10
22. A method for delivering fuel through a fuel delivery system to a combuster of a

turbine engine, substantially as herein described with reference to the accompanying

figures.
'.:.: 15 23. An apparatus for delivering fuel to a turbine engine, substantially as herein
cotiee described with reference to the accompanying figures.
Dated this 7th day of July, 2003
e o GENERAL ELECTRIC COMPANY By Its Patent Attorneys
ottt DAVIES COLLISON CAVE
o
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