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(54) SYSTEM AND METHOD FOR PURGING FUEL FROM TURBOMACHINE

(57) Systems and methods include one or more fluid
lines configured to flow a fluid in a first direction in the
gas turbine system 10. The systems and methods also

include an eductor configured to reverse flow of the fluid
in the one or more fluid lines during a reverse purge of
the gas turbine system.
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Description

BACKGROUND

[0001] The subject matter disclosed herein relates to
turbomachinery, such as gas turbine engines with one
or more fluid flows. More particularly, the present disclo-
sure relates to a reverse purge system for purging fluid
(e.g., gas fuel, liquid fuel, water) from a turbomachine,
such as a gas turbine engine
[0002] Fluids may remain in the turbomachine result-
ing in undesired operation. For example, in turboma-
chines, after delivery of fuel to combustors, residual fuel
may remain in fuel manifolds and/or fuel premixers stick-
ing to internal walls or surfaces of the fuel premixers.
Residual fuel may form deposits that could obstruct fuel
flow through the premixers. Unfortunately, the residual
fuel can cause clogging of the fuel premixers and/or man-
ifolds, or passages extending between the fuel premixers
and the manifolds. Moreover, fluid may be wasted by
remaining in the system. In some cases, the fluid remain-
ing in the turbomachine may be purged from the turboma-
chine using an inert gas, but forward purging may cause
a relatively high disturbance in operation of the turboma-
chine due to the purge (e.g., vibration).

BRIEF DESCRIPTION

[0003] Certain embodiments commensurate in scope
with the present disclosure are summarized below.
These embodiments are not intended to limit the scope
of the disclosure, but rather these embodiments are in-
tended only to provide a brief summary of possible forms
of the disclosure. Indeed, the invention may encompass
a variety of forms that may be similar to or different from
the embodiments set forth below.
[0004] In a first embodiment, a gas turbine system in-
cludes one or more fluid lines configured to flow a fluid
in a first direction in the gas turbine system. The gas
turbine system also includes an eductor configured to
reverse flow of the fluid in the one or more fluid lines
during a reverse purge of the gas turbine system.
[0005] In a second embodiment, a gas turbine system
includes a shaft, a compressor coupled to the shaft and
configured to compress ambient air for a mixture of air
and liquid fuel, and a combustor configured to receive
the mixture from the compressor and consume the fuel
to generate rotational force on the shaft via a turbine.
The gas turbine system also includes one or more fluid
lines configured to flow a fluid in a first direction into the
compressor or the combustor. Furthermore, the gas tur-
bine system includes an eductor configured to reverse
flow of the fluid in the one or more fluid lines during a
reverse purge of the gas turbine system.
[0006] In a third embodiment, a method includes sup-
plying fluid to a gas turbine using one or more fluid lines
in a first direction during operation of the gas turbine. The
method also includes, during a purge of the gas turbine,

reversing flow in the one or more fluid lines from the first
direction to a second direction to drain the fluid from the
gas turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a schematic view illustrating an embodiment
of a turbomachine in accordance with present em-
bodiments;

FIG. 2 is a cross-sectional view of an embodiment
of a vacuum ejector or eductors, for use in the tur-
bomachine of FIG. 1;

FIG. 3 illustrates an embodiment of a graph repre-
senting function of the turbomachine of FIG. 1 during
a purge;

FIG. 4 illustrates an embodiment of a graph repre-
senting function of the turbomachine of FIG. 1 during
a reverse purge; and

FIG. 5 is a process flow diagram illustrating an em-
bodiment of a method for purging fluid from the tur-
bomachine of FIG. 1.

DETAILED DESCRIPTION

[0008] One or more specific embodiments of the
present disclosure will be described below. In an effort
to provide a concise description of these embodiments,
all features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.
[0009] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there maybe additional elements other than the listed
elements.
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[0010] Present embodiments are directed to turboma-
chines and fluid reverse purging systems for turboma-
chines, such as gas turbine engines. In particular,
present embodiments are directed to a system for purg-
ing fluid (e.g., gas fuel, liquid fuel, water, etc.) from one
or more portions of the turbomachine (e.g., fuel manifold,
fuel premixer, pipe, nozzle, etc.). For example, one or
more combustors of the turbomachine combust one or
more fuels with an oxidant, such as air or oxygen. A fuel
manifold and one or more fuel premixers (which may be
parts of fuel nozzles) deliver the fuel to the one or more
combustors. For example, the fuel manifold distributes
fuel to the fuel premixers, which may mix the fuel with air
(e.g., oxygen). The fuel or fuel-air mixture reacts within
the combustors to produce combustion products.
[0011] In some embodiments, one or more fuel premix-
ers distribute a pilot fuel to the combustors for an ignition
portion (and/or startup portion) of the combustion proc-
ess (e.g., while the gas turbine is in startup mode). Then,
fuel premixers distribute a burn fuel to continue the com-
bustion process (e.g., to transition the gas turbine from
the startup mode to a steady state mode). The pilot fuel
and the burn fuel may be different, and each fuel maybe
configured to enhance efficiency of their respective por-
tions of the combustion process (e.g., startup and steady
state modes of the gas turbine). In some embodiments,
a first fuel manifold may distribute the pilot fuel to the fuel
premixers, and a second fuel manifold may distribute the
burn fuel to the fuel premixers. In other embodiments, a
single type of fuel may be used for the duration of the
combustion process. In either configuration, it may be
desirable to purge residual fuel in the fuel manifold, fuel
premixers, or fuel passageways extending between the
fuel manifold and fuel premixers after delivering the fuel
to the combustors, such as during shut down or mainte-
nance intervals, or when the portions of the gas turbine
directed to delivering fuel are not being used (e.g., after
transition from startup to steady state) but still during op-
eration of the gas turbine. Purging the fuel from the fuel
manifolds, the fuel premixers, and/or passages or con-
duits between the fuel manifolds and fuel premixers may
reduce or eliminate residual fuel that may block portions
of the fuel manifold, fuel premixers, or fuel passages/con-
duits. Additionally, or in the alternate, residual fuel may
coke (e.g., form deposits) within the fuel manifolds, fuel
premixers, or fuel passages, which may reduce an effi-
ciency of the gas turbine engine. Purging the fuel may
reduce or eliminate coking of fuel in the fuel manifolds or
fuel premixers. Moreover, similar interactions and wear
may exist with other fluids remaining in the system when
not used. For example, fluids may be corrosive to portions
of the turbomachine if exposed for relatively longer peri-
ods. Also, after a shut down fluid remaining in the tubing
lines may freeze the tubing lines that may damage or
block proper operation of the tubing lines after a restart
of the turbomachine.
[0012] Thus, the fluid may be purged from the turboma-
chine using a reverse purging system that pulls the fluid

through the system. In accordance with present embod-
iments, a purge system is configured to reverse purge
the fuel from the fuel manifolds and/or fuel premixers
coupled to the fuel manifolds via the fuel passageways.
For simplicity, embodiments of the purge system de-
scribed with reference to the figures will be referred to
as a purge system for purging fuel from the fuel premixers
or coolant, in particular. However, it should be noted that
the purge system may also purge any other fluids in the
turbomachine.
[0013] Purging may correspond to substantially unreg-
ulated flows through the turbomachine. Regardless, a
purge may cause considerable disruption to operation of
the turbomachine when excess fluid (e.g., fuel or coolant)
is pushed through the system. Thus, the current disclo-
sure discusses reversing flow of the fluid in a purge. Ad-
ditionally or alternatively, the reverse purge at least flows
the fluid in some direction other than a path used to con-
duct the fluid during operation. For example, the fluid may
be diverted to a purge path that is not used by the fluid
during operation but becomes available during a purge.
[0014] Turning now to the drawings and referring first
to FIG. 1, a block diagram of an embodiment of a tur-
bomachine 10 (e.g., a gas turbine engine) is illustrated.
It should be noted that the present disclosure may relate
to any turbomachine system, and that the turbomachine
10 discussed herein does not limit the scope by which
the present disclosure applies. A turbomachine system
may relate to any system that involves the transfer of
energy between a rotor and a fluid, or vice versa, and
the illustrated turbomachine 10 is only meant to serve as
a representation of an embodiment of a turbomachine
system.
[0015] The illustrated turbomachine 10 includes,
among other features, fuel premixers 12, fuel manifolds
13, fuel passageways 14, a fuel supply 15, and combus-
tors 16. The turbomachine 10 may be a dual fuel tur-
bomachine 10, where multiple fuel manifolds 13 supply,
via fuel passageways 14, various types of fuel to the fuel
premixers 12. For simplicity, only one fuel manifold 13
and fuel supply 15 (and associated fuel passageways
14) is shown, but it should be understood that the illus-
trated turbomachine 10 may include multiple manifolds
13, each being configured to deliver a different type of
fuel through respective fuel passageways 14 to the
premixers 12. For example, one type of fuel may be used
for ignition (e.g., during a startup mode) and another type
of fuel may be used for steady state operation of the
turbomachine 10. In some embodiments, a single man-
ifold 13 and/or a single premixer 12 maybe employed
with a single combustor 16.
[0016] As depicted, the fuel premixers 12 route the fuel
(or, in the illustrated embodiment, an air-fuel mixture 18)
into the combustors 16. For example, the fuel premixers
12 may initially route a mixture 18 of pilot fuel and air into
the combustors 16 to start the combustion process (e.g.,
for an ignition process and/or startup mode), in accord-
ance with the description above. The fuel premixers 12
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may then route a mixture 18 of burn fuel and compressed
air into the combustors 16 to continue the combustion
process (e.g., for a burn process).
[0017] In some embodiments, as described above, the
fuel premixers 12 mix the fuel (e.g., received from the
fuel passageways 14 extending between the fuel mani-
fold 13 and the premixers 12) with compressed air to form
an air-fuel mixture 18 for delivery to the combustors 16.
The air-fuel mixture 18 may include pilot fuel or burn fuel,
depending on the stage of combustion (e.g., ignition proc-
ess or steady-state burn process). The combustors 16
may then combust the mixture 18 to generate combustion
products, which are passed to a turbine 20. The combus-
tion products expand through blades or stages of the
turbine 20, causing the blades of the turbine 20 to rotate.
A coupling between the blades of the turbine 20 and a
shaft 22 of the turbomachine 10 will cause the shaft 22
to rotate with the blades. The shaft 22 is also coupled to
several other components throughout the turbomachine
10, as illustrated, such that rotation of the shaft 22 causes
rotation of the components coupled to the shaft 22. For
example, the illustrated shaft 22 is drivingly coupled to a
compressor 24 (which may supply the air for the air-fuel
mixture 18). Although a single compressor 24 may be
illustrated, the compressor 24 maybe a compressor sys-
tem that includes 2 or more compressors. Some of the
compressors 24 may be used to compress air at a rela-
tively low pressure while other compressors 24 may be
used to compress air at relatively high pressure to provide
additional pressure that may be used for other purposes
(e.g., intercooling).
[0018] The compressor 24 may also receive an atom-
ized fluid spray from a fluid supply 26. For example, cool-
ant (e.g., water) may be atomized and sprayed through
spray nozzles 27 into the compressor 24 to reduce the
temperature of ambient air received through an air supply
28 taken into the compressor 24. By reducing the tem-
perature of incoming ambient air, a discharge tempera-
ture of the compressor 24 may be reduced thereby in-
creasing power output and efficiency of the turbomachine
10. Also, fluid (e.g., water) maybe injected into any other
part (e.g., fuel premixers 12, combustor 16, exhaust 34,
etc.) of the turbomachine 10 to reduce temperatures
and/or increase efficiency in certain states of operation.
[0019] The shaft 22 is also coupled to a load 29. As
appreciated, the load 29 may be any suitable device that
may generate power via the rotational output of the tur-
bomachine 10, such as an electrical generator of a power
generation plant or a vehicle.
[0020] As noted above, an air supply 28 may provide
air to an air intake 3 0, which then routes the air into the
compressor 24. Indeed, in some embodiments, the air
supply 28 maybe ambient air surrounding the turboma-
chine 10. Additionally or alternatively, the air supply 28
may include an oxidant, such as oxygen. As noted above,
some embodiments of the turbomachine 10 may include
nozzles 27 for spraying fluid coolant sprayed into the in-
taken air. The compressor 24 includes a plurality of

blades drivingly coupled to the shaft 22. When the shaft
22 rotates as a result of the expansion of the exhaust
gases (e.g., combustion products) within the turbine 20,
the shaft 22 causes the blades of the compressor 24 to
rotate, which compresses the air supplied to the com-
pressor 24 by the air intake 30 to generate compressed
air. The compressed air is routed to the fuel premixers
12 for mixing with the fuel to generate the air-fuel mixture
18, which is then routed to the combustors 16. For ex-
ample, the fuel premixers 12 may mix the compressed
air from the compressor 24 and the fuel from one of the
fuel manifolds 13 to produce the air/fuel mixture 18, as
previously described. After passing through the turbine
20, the exhaust gases exit the system at an exhaust outlet
34.
[0021] As previously described, fluid may remain in the
turbomachine 10 after a fluid pathway in the turboma-
chine 10 is no longer in use. Thus, the turbomachine 10
may include fluid removal systems that removes excess
fluid from the turbomachine 10.
[0022] For example, the fluid removal may remove re-
sidual fuel that may be left in the fuel manifolds 13 or the
fuel premixers 12 after the fuel is delivered to the com-
bustors 16. For example, in dual fuel systems, the pilot
fuel may be delivered to the combustors 16 via the fuel
premixers 12. It may be beneficial to clear the fuel premix-
ers 12 of the residual fuel left in the fuel premixers 12
after fuel delivery is complete, before combustion occurs
in the combustor 16, or before and/or after burn fuel is
routed from a different (or the same) fuel manifold 13 to
the fuel premixers 12, as previously described, for deliv-
ery to the combustors 16. Thus, in accordance with the
present disclosure, the turbomachine 10 includes a fuel
purge system 40 configured to purge residual fuel from
the fuel premixers 12 to a drain 42 or drain 43, such that
the residual fuel may be removed from the turbomachine
10. In some embodiments, the contents of the drains 42
and 43 (e.g., purged fuel) maybe used for other purposes
or reused in the turbomachine 10.
[0023] In the illustrated embodiment, the fuel purge
system 40 includes bi-directional purge segments 44
(e.g., of the fuel passageways 14) into discharge lines
46 extending from the bi-directional purge segments 44
in the fuel passageways 14 to drains 42 and 43. Each bi-
directional purge segment 44 (e.g., of the corresponding
fuel passageway 14) is also configured to receive, during
fuel purge, purged fuel from the fuel premixer 12 in a
second direction opposite to the first direction. For ex-
ample, as previously described, the fuel purge mode may
be utilized between startup (e.g., ignition) mode and
steady state mode of the turbomachine 10, or at any other
desirable time.
[0024] During the fuel purge mode, pressure urges the
fuel through the fuel premixers 12 to purge residual fuel
from the premixers 12 and into the bi-directional purge
segments 44. As discussed below, this pressure maybe
positive pressure that feeds forward through the system
as a positive purge or may be a relatively negative pres-
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sure exerted to pull the fuel through the discharge lines
46 than push the fuel through the discharge lines 46.
Access to the discharge lines may be controlled by flow
regulation devices (e.g., valves) located at a joint be-
tween the discharge lines and the bi-directional purge
segments 44 that are configured to direct the purged fuel
and compressed air into the discharge lines 46. Addition-
ally or alternatively, flow regulation devices 48 disposed
on the discharge lines 46 downstream of the joints may
be configured to enable the purged fuel and/or air to enter
and/or travel through the discharge lines 46. In other
words, pressure configured to urge residual fuel through
(and out of) the fuel premixers 12, through the bi-direc-
tional purge segments 44 of the fuel passageways 14,
and into the discharge line 46 (e.g., via the flow regulation
devices 48). Thus, the fuel purge system 40 may purge
the fuel premixers 12 and portions of the fuel passage-
ways 14 (e.g., conduits, hoses, etc.). It should be noted
that the flow regulation devices 48 may be valves con-
figured to selectively restrict flow (e.g., to increase pres-
sure) into and through the discharge lines 46 and/or con-
trol access to the discharge lines.
[0025] It should be noted that, in some embodiments,
mini-manifolds may be disposed upstream of the fuel
premixers 12, and may also be purged by the purge sys-
tem 40. Further still, in some embodiments, the bi-direc-
tional purge segment 44 of the fuel passageway 14 may
extend the entire length of the passageway 14 between
the fuel manifold 13 and the fuel premixer 12, enabling
purging of the entire fuel passageway 14 and, in some
embodiments, the fuel manifold 13 itself. The presently
disclosed purge system 40 is configured to purge residual
fuel in any portion or component of the fuel manifolds 13,
the fuel premixers 12, and/or the fuel passageways 14.
Indeed, in some embodiments, the fuel purge system 40
may additionally purge residual, unburned fuel (and/or
other residual matter, such as flash residue, pollutants,
etc.) from the combustors 16. Further, one of ordinary
skill in the art would recognize that presently disclosed
embodiments of the fuel purge system 40 maybe em-
ployed in a dual fuel turbomachine 10 or a single fuel
turbomachine 10, as fuel manifolds 13 and fuel premixers
12 may be susceptible to coking of residual fuel in either
configuration.
[0026] The residual fuel is discharged from the fuel
premixers 12. The purged fuel is routed through dis-
charge line(s) 46. However, the fuel may have increased
in temperature in the fuel premixers 12 and/or fuel lines
due to heat from the combustor 16 and/or the compressor
24. Thus, a cooling apparatus 52 that may be used to
cool the fuel may be employed. The cooling apparatus
may include air-cooled or liquid-cooled cooling. For ex-
ample, coolant from the fluid supply 26 may be used to
surround the discharge lines 46 to reduce fuel tempera-
ture. Additionally or alternatively, the cooling apparatus
52 may include air cooling. For example, the cooling ap-
paratus 52 may include an eductor-based cooling system
used to pull outside air to cool the fuel using pressure of

the fuel flow through the discharge lines 46.
[0027] In some embodiments, the flow of fuel through
the discharge lines 46 may be at least partially invoked
by vacuum ejectors 52 using relatively negative pressure
to suck the fuel through the discharge lines 46. In other
words, the pressure in the discharge lines 46 on the drain-
side of the ejector 52 is lower than pressure in the dis-
charge lines 46 on the cooling-side of the ejector 52. Re-
turning to FIG. 1, in addition or alternative to the ejectors
52, the fuel may also be urged through the discharge
lines 46 using compressed pushing the fuel through the
discharge lines 46. For example, the compressed air may
be air bled off from the compressor 24 rather than direct-
ed to the combustor 16. However, this pressurized air
may have an increased temperature that increases fuel
temperature.
[0028] Continuing with FIG. 1, the turbomachine 10 al-
so includes a coolant purging system 54. The coolant
purging system 54 includes coolant discharge lines 56
and 57 that diverts fluid in fluid lines 58 and 60, respec-
tively. Furthermore, as previously discussed, coolant
from the fluid supply 26 may be provided to multiple lo-
cations in the turbomachine 10, such as the compressor
24 and/or as additional cooling 61. Moreover, the tur-
bomachine 10 may include more than two coolant dis-
charge lines 56 and 57 and/or fluid lines 58 and 60. Fur-
thermore, some fluid lines may be relatively high pres-
sure, such as the fluid line 58 that provides pressure to
atomize the fluid from the fluid supply when sprayed into
the air 28 as the air is intaken into the turbomachine 10.
Other lines, however, may have relatively low pressure,
such as the fluid line 60. For example, if coolant is used
to cool the fuel discharge lines 46 or additional cooling
61, the coolant fluid may be used in a relatively low-pres-
sure form. These high pressure and low-pressure lines
may be treated differently. For example, in a high-pres-
sure line such as fluid line 58, the fluid flow in the reverse
direction may at least be partially instigated as backflow
resulting from a relatively low pressure at one end of the
high-pressure line and may omit or include a vacuum
ejector 62 to reduce pressure in the line at an end near
a drain 64 to induce movement toward the drain 64 when
the ejector 62 is active. The coolant purging system 54
also includes flow regulation devices 66 disposed on the
discharge lines 58 and 60 fluid and/or air to enter and/or
travel through the discharge lines 58 and 60. Additionally
or alternatively, the flow regulation devices 66 may reg-
ulate an amount of flow through the fluid discharge lines
58 and 60.
[0029] In some embodiments, the coolant fluid in the
fluid discharge lines 58 and 60 may be reused by passing
the fluid through the drain 64 back into the fluid supply
26. In some embodiments, the fluid passing through the
drain 64 may first be filtered to remove particulates or
other contaminants from the fluid before the fluid is
passed to the fluid supply 26.
[0030] FIG. 2 illustrates a cross-sectional view of an
embodiment of a vacuum ejector 100 that may be used
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in the fuel purging system 40 and/or the coolant purging
system 54. The vacuum ejector 100 includes a body 102
that includes a cavity 104 that substantially-annularly ex-
tends through the body 102 of the ejector 100. The cavity
104 connects an input orifice 106 and an output orifice
108 that receives and expels fluid 110 (e.g., fuel), respec-
tively. The cavity 104 also receives an intake of air 112
into the middle of the annular ring through a lateral orifice
112 that provides impetus to urge flow of the fluid 110
from the input orifice 106 to the output orifice 108. As
previously discussed, the flow of air 112 maybe received
from the compressor 24 and/or an alternative air supply
that provides pressurized air for inducing flow through
the vacuum ejector 100. Therefore, the vacuum ejector
100 reduces relative pressure in fluid lines at an end of
the lines coupled to the vacuum ejector 100 to cause the
fluid 110 to flow toward the vacuum ejector 100 through
the fluid lines 110. In other words, the vacuum ejector
100 pulls fluid 110 through the fluid lines without pushing
additional fluid through the turbomachine 10.
[0031] FIG. 3 illustrates a graph 130 representing func-
tion of the turbomachine 10 during operation over time.
Specifically, the graph 130 shows a fluid purge occurring
during a ramp down sequence for the turbomachine 10.
Furthermore, as illustrated, the fluid purge corresponds
to a water purge causes an interference period 131 with
operation of the ramp down sequence although purges
of other fluids (e.g., fuel) may cause different interference
patterns. The graph 130 includes temperatures 132 and
134 that may be tracked at various locations in the gas
turbine such as at the compressor 24, the combustor 16,
and/or the exhaust outlet 34. During the purge and the
corresponding interference period 131 on the graph 130,
the temperatures 132 and 134 both drop 136 as fluctu-
ations from a previous temperature attributable to the
purge. These temperatures may fluctuate differently from
each other. For example, temperature 132 may drop by
a first value (e.g., 30° F), and the temperature 134 may
drop by a second value (e.g., 30° F). Once the temper-
atures have dropped, an attempt to correct for the drop
136 results in an overshoot 138. For example, the tem-
peratures 132 and 134 may overshoot a target temper-
ature by 10-15° F.
[0032] The graph 130 also illustrates a created power
140 exerted on the shaft 22. As expected, the power 140
decreases in response to an initiation of a ramp down at
time 142. However, the purge causes the power to spike
in the interference period 131. For example, the power
spike may correspond to an abrupt increase in power by
a relatively large amount, such as 1.9 MW. The purge
also causes a fluctuation of revolutions per minute (RPM)
144 of the turbomachine 10. For example, the purge may
cause an increase of speed by 200 RPM. In some em-
bodiments, at least part of these fluctuations may be at-
tributed to increases flow of fluid being purged through
the turbomachine 10. For example, fuel flow and/or fuel
concentration 146 may be increased when fuel is purged
through the system.

[0033] Regardless of the fluid being purged, a purge
results in a somewhat uncontrolled flow of the fluid inter-
rupting operation in the interference period 131. Further-
more, this interference causes various fluctuations in the
turbomachine 10. These fluctuations may also corre-
spond to various secondary effects, such as audible
noise, vibrations, and increased wear on part of turboma-
chine 10. Thus, sustained operation is improved if the
interference period 131 and/or the magnitude of interfer-
ence can be reduced or eliminated. The period of inter-
ference may be "softened" using software sequencing.
For example, the purge initiation may be delayed to give
the manifolds time to drain into the engine at a "soft" rate.
However, after some period of delay, additional delay
adds no more benefit. For example, after 60 seconds
there was no continued gain. Furthermore, some amount
of fluid may remain in the system no matter the period of
delay due to a vacuum condition that exists at a nozzle
tip used to spray the fluid into the system from the fluid
supply. Thus, a delay in the purge may result in a reduc-
tion of magnitude of and timing of an overall interference
with the system but not a removal of the interference with
operation of the system.
[0034] Additionally or alternatively, an orifice used to
spray the fluid into the system may be reduced in size to
reduce flow of the fluid into the system during the purge.
However, the reduced orifice does not address the vac-
uum condition on the nozzle. As discussed above, to re-
move the fluid from the system, a reverse purge that pulls
fluid back through the system may overcome the vacuum
condition on the fluid nozzle using the turbomachine 10
discussed above. FIG. 4 illustrates a graph 200 that il-
lustrates operation of the turbomachine 10 using a re-
verse purge. The graph 200 includes a purge period that
has reduced or completely nonexistence disturbance of
operation. For example, temperature 204 and 206 (cor-
responding to temperatures 132 and 134, respectively)
in FIG. 4 fluctuate much less than the corresponding tem-
peratures 132 and 134 in FIG. 3. Similarly, power 208,
RPM 210, and fuel flow concentration 212 have no dis-
ruption or at least significantly less disruption during a
reverse purge 202 than experienced during a corre-
sponding forward purge illustrated in FIG. 3.
[0035] FIG. 5 illustrates a process 300 for purging fluid
from a turbomachine, such as a gas turbine. During op-
eration of the gas turbine, fluid is supplied to the turboma-
chine in a first direction using one or more fluid lines (block
302). The fluid may include fuel, coolant, or any other
fluid that may be flowed through the turbomachine to en-
able or enhance operation of the turbomachine. A purge
is initiated (block 304). The purge may correspond to a
ramp down, shut down, or other changes in operation of
the turbomachine. For example, if the fuel type has been
switched from startup fuel to steady-state fuel, startup
fuel from a fuel manifold may be purged. During the purge
of the turbomachine, flow in the one or more fluid lines
is reversed into a second direction. (block 306). By
changing direction of flow, a vacuum condition that forms
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at a nozzle used to spray the fluid may be overcome and
fluid may be more completely expunged from the tur-
bomachine than a forward purge. Furthermore, as pre-
viously discussed, a reverse purge reduces disruption to
the turbomachine.
[0036] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.
[0037] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A gas turbine system, comprising:

one or more fluid lines configured to flow a fluid
in a first direction in the gas turbine system; and
an eductor configured to reverse flow of the fluid
in the one or more fluid lines during a reverse
purge of the gas turbine system.

2. The gas turbine system of clause 1, wherein the
fluid comprises a coolant.

3. The gas turbine system of clause 1 or 2, wherein
the coolant comprises water.

4. The gas turbine system of any preceding clause,
comprising:

a shaft;
a compressor coupled to the shaft and config-
ured to compress air for an air and fuel mixture;
and
a combustor coupled to the shaft and configured
to consume fuel in generating rotational energy
on the shaft.

5. The gas turbine system of any preceding clause,
wherein the fluid comprises coolant that is injected
into air prior to compression in the compressor.

6. The gas turbine system of any preceding clause
comprising a cooling system configured to cool the
liquid fuel when reverse purged from the gas turbine
system.

7. The gas turbine system of any preceding clause,
wherein the fluid comprises liquid fuel to be con-

sumed in the combustor.

8. The gas turbine system of any preceding clause,
wherein the one or more fluid lines comprises:

one or more relatively low pressure lines that
use a relatively high amount of urging from the
eductor; and
one or more relatively high pressure lines that
use at least a portion of pressure in the one or
more relatively high pressure lines to urge the
fluid back through the one or more relatively high
pressure lines.

9. A gas turbine system, comprising:

a shaft;
a compressor coupled to the shaft and config-
ured to compress ambient air for a mixture of air
and liquid fuel;
a combustor configured to receive the mixture
from the compressor and consume fuel to gen-
erate rotational force on the shaft via a turbine;
one or more fluid lines configured to flow a fluid
in a first direction into the compressor or the
combustor; and
an eductor configured to reverse flow of the fluid
in the one or more fluid lines during a reverse
purge of the gas turbine system.

10. The gas turbine system of any preceding clause,
wherein the fluid comprises a liquid fuel or coolant.

11. The gas turbine system of any preceding clause,
comprising a cooling eductor configured to cool liquid
fuel during a reverse purge.

12. The gas turbine system of any preceding clause,
wherein the cooling eductor is configured to cool the
liquid fuel by pulling in a flow of ambient air using
compressed air from compressor.

13. The gas turbine system of any preceding clause,
wherein the educator comprises:

a body;
a substantially annular cavity that extends
through a portion of the body;
an input orifice that receives the fluid;
an output orifice that expels the fluid; and
an intake that intakes air to urge the fluid into
through the cavity and out the output orifice
thereby urging more of the fluid into the input
orifice.

14. The gas turbine system of any preceding clause,
wherein the intake receives flow of air from the com-
pressor.
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15. The gas turbine system of any preceding clause,
wherein the intake receives flow of air from an air
supply separate from the compressor.

16. A method comprising
supplying fluid to a gas turbine using one or more
fluid lines in a first direction during operation of the
gas turbine; and
during a purge of the gas turbine, reversing flow in
the one or more fluid lines from the first direction to
a second direction to drain the fluid from the gas
turbine.

17. The method of any preceding clause, wherein
reversing the flow in the one or more fluid lines from
the first direction to the second direction using an
eductor.

18. The method of any preceding clause, wherein
supplying fluid to the gas turbine comprises spraying
fluid using a nozzle.

19. The method of any preceding clause, wherein
reversing flow in the one or more fluid lines from the
first direction to the second direction comprises over-
coming a vacuum condition at the nozzle.

20. The method of any preceding clause comprising
receiving an indication that the gas turbine is to be
ramped down, wherein reversing flow in the one or
more fluid lines is conducted in response to the in-
dication.

Claims

1. A gas turbine system, comprising:

one or more fluid lines configured to flow a fluid
in a first direction in the gas turbine system; and
an eductor configured to reverse flow of the fluid
in the one or more fluid lines during a reverse
purge of the gas turbine system.

2. The gas turbine system of claim 1, wherein the fluid
comprises a coolant.

3. The gas turbine system of claim 2, wherein the cool-
ant comprises water.

4. The gas turbine system of any preceding claim, com-
prising:

a shaft;
a compressor coupled to the shaft and config-
ured to compress air for an air and fuel mixture;
and
a combustor coupled to the shaft and configured

to consume fuel in generating rotational energy
on the shaft.

5. The gas turbine system of claim 4, wherein the fluid
comprises coolant that is injected into air prior to
compression in the compressor.

6. The gas turbine system of claim 5 comprising a cool-
ing system configured to cool the liquid fuel when
reverse purged from the gas turbine system.

7. The gas turbine system of claim 4, 5 or 6, wherein
the fluid comprises liquid fuel to be consumed in the
combustor.

8. The gas turbine system of any preceding claim,
wherein the one or more fluid lines comprises:

one or more relatively low pressure lines that
use a relatively high amount of urging from the
eductor; and
one or more relatively high pressure lines that
use at least a portion of pressure in the one or
more relatively high pressure lines to urge the
fluid back through the one or more relatively high
pressure lines.

9. A gas turbine system, comprising:

a shaft;
a compressor coupled to the shaft and config-
ured to compress ambient air for a mixture of air
and liquid fuel;
a combustor configured to receive the mixture
from the compressor and consume fuel to gen-
erate rotational force on the shaft via a turbine;
one or more fluid lines configured to flow a fluid
in a first direction into the compressor or the
combustor; and
an eductor configured to reverse flow of the fluid
in the one or more fluid lines during a reverse
purge of the gas turbine system.

10. The gas turbine system of claim 9, wherein the fluid
comprises a liquid fuel or coolant.

11. A method comprising
supplying fluid to a gas turbine using one or more
fluid lines in a first direction during operation of the
gas turbine; and
during a purge of the gas turbine, reversing flow in
the one or more fluid lines from the first direction to
a second direction to drain the fluid from the gas
turbine.

12. The method of claim 11, wherein reversing the flow
in the one or more fluid lines from the first direction
to the second direction using an eductor.
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13. The method of claim 11 or 12, wherein supplying
fluid to the gas turbine comprises spraying fluid using
a nozzle.

14. The method of claim 11, wherein reversing flow in
the one or more fluid lines from the first direction to
the second direction comprises overcoming a vacu-
um condition at the nozzle.

15. The method of any of claims 11 to 14 comprising
receiving an indication that the gas turbine is to be
ramped down, wherein reversing flow in the one or
more fluid lines is conducted in response to the in-
dication.
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