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(7) ABSTRACT

A gas turbine engine wash process that facilitates reducing
a formation of particulate matter within a gas turbine engine
is described. The engine wash process includes injecting a
first liquid into the engine to remove particulate matter
formed within the engine and adversely affecting engine
operation and performance. A second liquid is then injected
into the engine to facilitate reducing a rate of formation of
particulate matter within the gas turbine engine as the engine
is operated in the future. More specifically, the second liquid
is an anti-static liquid that coats compressor blades within
the gas turbine engine.
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APPARATUS FOR WASHING GAS TURBINE
ENGINES

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to gas turbine
engines, and, more particularly, to methods and apparatus
for washing gas turbine engines.

[0002] As a gas turbine engine operates, air-borne con-
taminants may soil and coat compressor blades rotating
within a gas turbine engine compressor. More specifically, as
the compressor blades rotate, often the blades develop a
static charge that attracts electrostatically-charged particles.
Over time, particulate accumulation may restrict air flow
through the compressor, thus adversely affecting engine
performance and degrading power output of the engine.

[0003] To facilitate reducing losses caused by such accu-
mulation, gas turbine engines are water-washed when per-
formance is corrupted. Additionally, mechanical cleaning is
performed during scheduled engine maintenance shut-down
periods. At least some known turbine engine wash systems
spray water or a mixture of water and detergent into the
engine to remove accumulated particulate matter from the
compressor blades. Such water washing systems restore
some of the losses, but the gains in engine performance are
typically temporary and over time, engine degradation usu-
ally continues.

BRIEF SUMMARY OF THE INVENTION

[0004] In an exemplary embodiment, a gas turbine engine
wash process facilitates reducing a formation of particulate
matter within a gas turbine engine. The engine wash process
includes injecting a first liquid into the engine to remove
particulate matter formed within the engine that may
adversely affect engine operation and performance. The
engine is then operated to remove liquid residual remaining
from the injection of the first liquid and to ensure the engine
is thoroughly dried. A second liquid is then injected into the
engine to facilitate reducing a rate of formation of particu-
late matter within the gas turbine engine. More specifically,
the second liquid is an anti-static liquid that coats compres-
sor blades within the gas turbine engine to facilitate sup-
pressing static charges from developing within the compres-
sor blades.

[0005] During operation of the engine, the anti-static coat-
ing applied to the compressor blades facilitates suppressing
electrostatic attraction to the blades. Accordingly, particles
dependent on electrostatic attraction for attachment to the
compressor blades are neutralized and flow through the
engine, thus reducing a rate of formation of particulate
matter within the engine. As a result, the gas turbine engine
wash process facilitates operating performance characteris-
tics of the engine in a cost-effective and reliable manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]
engine;

FIG. 1 is a schematic illustration of a gas turbine

[0007] FIG. 2 is a flow chart illustrating an exemplary
embodiment of a gas turbine engine wash process; and

[0008] FIG. 3 is a partial perspective schematic of an
exemplary embodiment of a gas turbine engine washing
system.
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DETAILED DESCRIPTION OF THE
INVENTION

[0009] FIG. 1 is a schematic illustration of a gas turbine
engine 10 including a fan assembly 12, a compressor assem-
bly 14, and a combustor 16. Engine 10 also includes a high
pressure turbine 18, a low pressure turbine 20, and a booster
22. Fan assembly 12 includes an array of fan blades 24
extending radially outward from a rotor disc 26. Engine 10
has an intake side 28 and an exhaust side 30.

[0010] Inoperation, air flows through fan assembly 12 and
compressed air is supplied to high pressure compressor 14.
The highly compressed air is delivered to combustor 16.
Airflow (not shown in FIG. 1) from combustor 16 drives
turbines 18 and 20, and turbine 20 drives fan assembly 12.

[0011] FIG. 2 is a flow chart illustrating an exemplary
embodiment of a gas turbine engine wash process 40 that
may be used with a gas turbine engine, such as gas turbine
engine 10 shown in FIG. 1. FIG. 3 is a partial perspective
schematic of an exemplary embodiment of a gas turbine
engine washing system 42 that may be used to wash a gas
turbine engine, such as gas turbine engine 10. Gas turbine
engine washing system 42 is known in the art and includes
a plurality of spray nozzles 44, a plurality of piping 46, a
pump 48, and a reservoir 50. Piping 46 extends between a
ring manifold 52 and reservoir 50, and connects nozzles 44
in flow communication with reservoir 50.

[0012] In the exemplary embodiment, nozzles 44 are
spaced equally in a circumferential row 56 upstream from
compressor assembly 14. More specifically, nozzles 44
inject fluid circumferentially radially inward. Nozzles 44 are
each coupled in flow communication with ring manifold 52,
such that each nozzle 44 discharges a substantially equal
volume of water at a substantially equal flow rate. Piping 46
is coupled in flow communication between ring manifold 52
and reservoir 50. More specifically, piping 46 extends from
pump 48 to ring manifold 52.

[0013] Gas turbine engine 10 is initially washed 58 using
gas turbine engine washing system 42. More specifically,
gas turbine water washing system 42 is coupled to engine 10
and reservoir 50 is filled with a first liquid. During washing
58 of engine 10, the first liquid is injected 60 into engine 10
to remove soiling and particulate matter from engine 10. In
one embodiment, the first liquid is water. In another embodi-
ment, the first liquid is a water-based detergent or cleaning
solution. In a further embodiment, the first liquid is water-
based surfactant.

[0014] When the first liquid is injected 60 into gas turbine
engine 10, pump 48 pressurizes the first liquid to transport
it through piping 46 from reservoir 50 to ring manifold 52.
The first liquid is discharged radially inward from ring
manifold 52 through nozzles 44 and into engine 10. In one
embodiment, as the first liquid is injected 60, gas turbine
engine 10 is rotated with the aid of a starter motor to provide
an air flow through engine 10 such that particulate matter
dislodged with the first liquid is carried from engine 10 with
the air and first liquid flowing through engine 10.

[0015] After injecting 60 the first liquid through engine
10, engine 10 is then examined 62 to determine whether a
desired level of engine cleanliness was obtained with the
initial application of the first liquid. If it is determined that
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additional particulate matter undesirably remains, additional
washing 58 is then performed with the first liquid.

[0016] After engine 10 has been washed 58, engine 10 is
operated 70 for a pre-determined period of time to remove
residual first liquid from engine 10 and to ensure engine 10
is thoroughly dried. A second liquid is then injected 80 into
gas turbine engine 10. In one embodiment, gas turbine
engine washing system reservoir 50 is drained to remove the
first liquid, and then filled with the second liquid. In another
embodiment, gas turbine engine washing system reservoir
50 includes a second reservoir (not shown) that is filled with
the second liquid.

[0017] When the second liquid is injected 80 into engine
10, at least a portion of engine 10 is coated with the second
liquid to facilitate reducing a rate of formation of particulate
matter within gas turbine engine 10. More specifically, the
second liquid coats compressor blades (not shown) within
compressor assembly 14 to facilitate suppressing an attrac-
tion of electrostatically-attracted particles to the compressor
blades. In one embodiment, the second liquid is injected 80
into engine 10 simultaneously with the first liquid, as the
first liquid is injected 60 into engine 10.

[0018] The second liquid is selected to facilitate optimiz-
ing performance of engine 10. More specifically, when the
second liquid is selected, several factors unique to engine 10
are considered including, but not limited to, a type of
material used in fabricating the compressor assembly blades,
a type of air-filtration system (not shown) used with engine
10, and a geographic location of where engine 10 is prima-
rily operated. In one embodiment, the second liquid is a
water soluable, anti-static liquid, such as an antistatic agent
commercially available from Dongnam Chemical Indus-
tries, Ltd., Inchon, Korea.

[0019] The above-described gas turbine engine wash pro-
cess is cost-effective and highly reliable. During operation of
the engine, the anti-static coating applied to the compressor
blades facilitates suppressing electrostatic attraction of the
blades. Accordingly, particles dependent on electrostatic
attraction for attachment to the compressor blades are neu-
tralized and flow through the engine, thus reducing a rate of
formation of particulate matter within the engine. As a
result, the gas turbine engine wash process facilitates oper-
ating performance characteristics of the engine in a cost-
effective and reliable manner.

[0020] While the invention has been described in terms of
various specific embodiments, those skilled in the art will
recognize that the invention can be practiced with modifi-
cation within the spirit and scope of the claims.

What is claimed is:
1. A method for washing a gas turbine engine with a
washing system, said method comprising the steps of:

injecting a first liquid into the engine to remove particu-
late matter; and

injecting a second liquid into the engine to facilitate
reducing a rate of formation of particulate matter within
the gas turbine engine.

2. Amethod in accordance with claim I wherein said step
of injecting a first liquid further comprises the step of
injecting a water-based cleaning solution into the turbine
engine.
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3. Amethod in accordance with claim 1 wherein said step
of injecting a second liquid further comprises the step of
injecting an anti-static liquid into the engine.

4. A method in accordance with claim 3 wherein said step
of injecting an anti-static liquid further comprises the step of
coating a portion of the engine with the anti-static liquid to
facilitate suppressing electrostatic attraction.

5. Amethod in accordance with claim 3 wherein said step
of injecting an anti-static liquid further comprises the step of
operating the engine to dry the engine prior to injecting the
second liquid into the engine.

6. Apparatus for a gas turbine engine, said apparatus
comprising a washing system comprising a pump in flow
communication with at least one nozzle and a reservoir, said
washing system configured to inject a first fluid and a second
fluid into the gas turbine engine, at least one of the first and
second fluids configured to facilitate reducing a rate of
formation of particulate matter within the gas turbine
engine.

7. Apparatus in accordance with claim 6 wherein the first
fluid is a water-based cleaning solution.

8. Apparatus in accordance with claim 6 wherein the
second fluid is an anti-static liquid.

9. Apparatus in accordance with claim 6 wherein said
washing system further configured to inject the second fluid
after the first fluid has been injected into the engine.

10. Apparatus in accordance with claim 9 wherein said
washing system further configured to inject the second fluid
into the gas turbine engine after the first fluid has been
injected into the engine and the engine has been operated.

11. Apparatus in accordance with claim 6 wherein the gas
turbine engine includes a compressor, said washing system
further configured to coat the compressor with the second
fluid.

12. A gas turbine engine washing system configured to
reduce particulate matter within the gas turbine engine, the
gas turbine engine including a compressor, said washing
system comprising: a reservoir, a nozzle in flow communi-
cation with the reservoir and for injecting a fluid into said the
gas turbine engine upstream from said compressor, wherein
the fluid is configured to reduce electrostatic attraction
within the gas turbine engine.

13. An engine washing system in accordance with claim
12 wherein the fluid injected into the engine is an anti-static
liquid configured to reduce electrostatic attraction within the
gas turbine engine.

14. An engine washing system in accordance with claim
13 wherein the fluid injected into the engine is configured to
coat at least a portion of the engine to reduce electrostatic
attraction within the gas turbine engine.

15. An engine washing system in accordance with claim
13 wherein the anti-static liquid is injected into the engine
after particulate matter has been removed from the engine.

16. An engine washing system in accordance with claim
13 wherein the anti-static liquid is injected into the engine
after the engine has been operated.



