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Summary
This paper summarizes achievements in the Siemens Westinghouse Advanced
Systems (ATS) Program. The ATS Program, co-funded by the U.S. Department of E
Office of Fossil Energy, was a very successful multiyear (from 1992 to 2001) collabor
effort between government, industry, and participating universities. The program g
were to develop technologies necessary for achieving significant gains in natural gas
power generation plant efficiency, a reduction in emissions, and a decrease in co
electricity, while maintaining current state-of-the-art electricity generation systems’
ability, availability, and maintainability levels. Siemens Westinghouse technology d
opment concentrated on the following areas: aerodynamic design, combustion,
transfer/cooling design, engine mechanical design, advanced alloys, advanced co
systems, and single crystal (SC) alloy casting development. Success was achie
designing and full scale verification testing of a high-pressure high-efficiency compre
airfoil clocking concept verification on a two-stage turbine rig test, high-tempera
bond coat/TBC system development, and demonstrating feasibility of large SC tu
airfoil castings. The ATS program included successful completion of W501G engin
velopment testing. This engine is the first step in the W501ATS engine introductio
incorporates many ATS technologies, such as closed-loop steam cooling, adv
compressor design, advanced sealing, and high-temperature materials and coating
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Introduction
The Advanced Turbine Systems Program co-funded by the U

Department of Energy, Office of Fossil Energy, was an ambiti
ten-year effort to develop the necessary technologies which
result in a significant increase in natural gas-fired power gen
tion plant efficiencies, decrease in cost of electricity, and a red
tion in emissions, while maintaining the current state-of-art re
ability, availability, and maintainability~RAM! levels. This three-
phase technology development and demonstration program
started in 1992 and was completed in 2001.

The ATS Program objective was to develop ultra-high e
ciency, environmentally superior, and cost competitive syste
for base load application in utility, independent power produc
and industrial markets. The following specific performance targ
were set using natural gas as the primary fuel:

1. system efficiency exceeding 60%~net, lower heating value
basis! on natural gas for large scale utility turbine system
for industrial applications, systems that will result in a 15
improvement in heat rate compared to currently availa
gas turbine systems.

2. an environmentally superior system that will not require
use of post combustion emissions controls under full lo
operating conditions.

3. busbar energy costs that are 10% lower than current s
of-the-art turbine systems, while meeting the same envir
mental requirements.

4. fuel-flexible designs that will operate on natural gas but
capable of being adapted to operate on coal-derived or
mass fuels.

5. RAM that is equivalent to the current turbine systems.

Contributed by the International Gas Turbine Institute~IGTI! of THE AMERICAN
SOCIETY OF MECHANICAL ENGINEERSfor publication in the ASME JOURNAL OF
ENGINEERING FOR GAS TURBINES AND POWER. Paper presented at the Intern
tional Gas Turbine and Aeroengine Congress and Exhibition, Amsterdam, The N
erlands, June 3–6, 2002; Paper No. 2002-GT-30654. Manuscript received by
Dec. 2001, final revision, Mar. 2002. Associate Editor: E. Benvenuti.
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6. water consumption minimized to levels consistent with c
and efficiency goals.

7. commercialization in the year 2000.

In Phase 1 of the ATS Program, preliminary investigations
different gas turbine cycles demonstrated that net plant L
based efficiency greater than 60% was achievable,@1#. In Phase 2
the more promising cycles were evaluated in greater detail and
closed-loop steam-cooled combined cycle was selected for de
opment because it offered the best solution with least risk
achieving the ATS Program goals of plant efficiency, emissio
cost of electricity and RAM,@2#. Phase 2 also involved conceptu
ATS engine and plant design and technology development
aerodynamics, sealing, combustion, cooling, materials, coati
and casting development,@3,4#.

Phase 3 and Phase 3 Extension involved further techno
development, component testing and W501ATS engine des
The technology development efforts consisted of ultra low Nx

combustion, catalytic combustion, heat transfer, advanced coa
systems, advanced alloys, single crystal casting development
determining the effect of steam on turbine alloys. Included in t
phase was full-load testing of the W501G engine at the McInt
No. 5 site in Lakeland, FL,@5#.

The W501ATS engine incorporates new technologies, as w
as design features developed over the last 50 years and emp
successfully in the W501 series of heavy-duty industrial and u
ity engines,@6#. These design features include single-shaft tw
bearing rotor, cold-end generator drive, compressor blade ri
individual combustor baskets, low alloy steel rotor discs, cur
clutched turbine rotor, four-stage turbine, cooled and filtered ro
cooling air, single first-stage turbine vane segments, and tange
exhaust struts. The evolution of large gas turbines started at W
inghouse with the introduction of the 45 MW W501A engine
1968~see Fig. 1!. Continuous enhancements in performance w
made up to the 100 MW W501D5, introduced in 1981. T
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W501ATS engine is the latest evolutionary design that builds
the success of its predecessors, such as the 186 MW W5
introduced in 1991, and 250 MW W501G,@7,8#.

Siemens Westinghouse’s strategy to achieve, and exceed
Program goals is to build on the proven technologies used in
successfully operating fleet of its utility gas turbines, such as
W501F, and to extend the technologies developed for the W50
To help in defining the W501ATS engine and plant, Sieme
Westinghouse constituted a 12-member ATS Advisory Board c
posed of major utilities and independent power producers fr
the U.S. and U.K. The objective was to ensure that the W501A
engine will address the customers’ needs and find early accept
in the market place.

Cycle Selection
An extensive study was carried out to select the optimum c

effective cycle that will achieve the ATS Program goals. The f
lowing major cycles were analyzed in considerable detail:
creased firing temperature, intercooling, recuperation, intercoo
with recuperation, reheat, chemical recuperation, steam injec
and closed-loop steam cooling~CLSC!. Based on performance
emissions, cost of electricity and RAM considerations, the cy
selected for the ATS plant consisted of an advanced, high fi
temperature, closed-looped steam cooled gas turbine, with a
efficiency bottoming cycle and high efficiency generator.

Technology Development
The main objective of the technology development effort was

develop and verify technologies considered necessary to ATS
gram success. To achieve this objective, research was carrie
in the following areas: aerodynamics, sealing, combusti
cooling/heat transfer, materials, coatings, and single crystal c
ing development.

Aerodynamics. High-pressure ratio, high efficiency compre
sor was designed using the latest three-dimensional viscous
and controlled diffusion airfoils. Variable stators were incorp
rated into the first two stages to improve starting capability a
part-load performance. The mechanical integrity of each stat
ary and rotating airfoil was verified by finite element analyses
satisfy steady stress and endurance strength criteria. Each a
was tuned to avoid potentially harmful resonant frequencies
plastic model based on the W501F combustion cylinder was c
structed to investigate in detail the flow conditions between
compressor exit and the turbine inlet. One of the sixteen comb
tors was the exact scaled replica of the W501F design while
other combustors simulated the correct combustor pressure
with the aid of orifices. The model testing and extensive com

Fig. 1 Evolution of large gas turbines
Journal of Engineering for Gas Turbines and Power

: https://gasturbinespower.asmedigitalcollection.asme.org on 06/29/2019 Terms 
on
01F,

ATS
the
the
1G.
ns
m-
om
TS
ance

st-
l-

in-
ling
ion,
,
cle
ing
high

to
ro-
out
n,

ast-

-
ode

o-
nd
on-
to

irfoil
. A
on-
the
us-
the
loss
u-

tational analysis addressed the detail flow distributions around
combustors with and without air extraction for applications in
integrated gasification combined cycle,@9#. Even air flow distri-
butions around the combustor baskets, and hence uniform fue
ratios, are very important in achieving ultra low NOx required in
the ATS combustion system.

Sealing. Gas turbine performance is adversely affected by
ternal leakages. One percent air leakage results in about 1
decrease in combined cycle output power and about 0.5%
crease in thermal efficiency. In order to minimize leakages a
hence optimize performance, an extensive sealing developm
program was carried out in the following areas: brush seals, f
seals, rope seals, and abradable coatings applied to outer ai
surfaces to allow reduced compressor and turbine blade tip c
ances. To reduce air leakage, as well as hot gas ingestion
turbine disk cavities, brush seals will be incorporated under
compressor diaphragms, turbine disk front, turbine rims, and
bine interstage locations. Tests were carried on test rigs for
different brush seal locations to develop effective, rugged, r
able, and long service life brush seal systems. These tests ve
the brush seal low leakage and wear characteristics.

A face seal was designed and developed for the rotor rear l
tion in closed-loop rotor cooling applications to prevent rot
cooling air leakage. The noncontacting, dry running face seal
been used in aircraft gas turbines and other turbomachinery a
cations. Development was necessary to demonstrate that su
seal could meet the requirements of life, durability, large ax
movement and turning gear operation in the W501ATS appli
tions. Two full-size prototype seals were designed and tested
der simulated engine conditions. Test results showed that the l
age was a fraction of the target value, there was no seal wear
large axial movement could be accommodated.

Considerable performance benefits result from reduced c
pressor and turbine blade tip clearances. Abradable coatings
being used to reduce tip clearances by allowing minimum bu
clearances without fear of damaging hardware and by provid
more circumferentially uniform tip clearances. Abradable co
ings, identified for compressor and turbine applications, w
tested to determine abradability, tip-to-seal wear rate, and ero
characteristics.

Several active turbine blade tip clearance control schemes w
investigated. One of them, based on the closed-loop steam co
concept, showed considerable promise in minimizing the stea
state blade tip clearances, while allowing large clearances on
tup so as to avoid blade tip rubs.

Combustion. To achieve single-digit NOx emissions at the
ATS firing temperature required a considerable development
fort, balancing the design for efficiency, emissions, mechan
integrity, and cost. Three different combustor concepts were
cluded in this development. The most successful candidate is
dry low NOx ~DLN! combustor, which consists of eight premixe
swirler assemblies arranged around a diffusion/pilot nozz
swirler assembly. The premixed swirlers are designed to enha
mixing without recirculation, whereas the pilot swirler provide
strong swirl to produce a recirculation zone and, hence, g
flame stability. The DLN combustor development is concentra
on air management and fuel/air mixing optimization. Although t
combustor design allows the pilot to run at very low fuel flow
the pilot is primarily responsible for the NOx production. To
achieve low NOx levels, a catalytic pilot is being developed t
allow operation below the lean extinction limit.

To aid in combustion system development flow visualizati
tests were carried out on a dry low NOx combustor using both a
single combustor rig and a full-scale sector rig, in order to ver
qualitatively CFD predictions. The agreement between the exp
mental and CFD results was excellent.

Optical diagnostics allow measurement of pertinent paramet
such as the composition and concentration of combustion prod
JULY 2004, Vol. 126 Õ 525
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in addition to velocities and flow angles, without disturbing t
main flow. A laser-induced fluorescence probe was developed.
probe, which will be used in both cold flow and fired tests, will
a very useful tool in enhancing combustion development prod
tivity.

Lean-premix combustion system will be employed to achie
the NOx emissions goals. The lean combustion with its inher
flame instability results in more combustion generated noise,
hence, in vibration problems in the combustion system as we
in the downstream components. A program to develop the th
retical background for combustion instabilities, to carry out e
periments to aid in the understanding of the problem, to develo
generalized analysis procedure, and to develop stability criter
under way. An active noise control system is being develope
eliminate combustion instabilities. It consists of a sensor to de
the combustion instabilities, signal processor, feedback algori
generator, and a fuel modulation valve and controller~see Fig. 2!.

To ensure that single digit NOx emissions are achieved a cat
lytically enhanced combustor development program is being p
sued in parallel with other combustion development efforts. Ca
lytic combustion is expected to play an important role
achieving ultra low NOx emissions at the ATS engine firing tem
perature. The catalyst allows ultra lean-premix combustion w
out flame instability and flame outs. Therefore, NOx production is
restricted to low single digits at ATS firing temperature with sta
operation. Development is in progress to gain theoretical un
standing of catalytic combustion, to design a catalytic combus
system and to develop a practical catalytic combustor. The c
lytic combustor development effort involves lab testing and fi
testing prior to the components being installed for commer
operation.

Cooling. Closed-loop cooling is the largest contributor to t
ATS plant performance. Eliminating cooling air ejection into t
turbine gas path raises the gas temperature downstream of the
stage vane, hence increasing the gas energy level during th
pansion process and eliminating cooling air mixing loss
Closed-loop cooling provides an additional benefit in NOx reduc-
tion, by making more air available at the combustor inlet for t
lean premix combustion, while maintaining the same burner ou
temperature. Without a cooling air film to shield the turbine co
ponents from the hot gases and trailing edge cooling air ejec
to enhance cooling in the critical trailing edge region, it is quite
challenge to develop a successful closed-loop cooling design.
challenge was overcome in the W501ATS turbine airfoil cooli
design by using thin outer wall design concept. In order to ve
the critical closed-loop cooled designs, the following developm
programs were undertaken: outside heat transfer coefficient m
surement, internal heat transfer coefficient and pressure loss
surement, and first-stage vane hot cascade test.

The outside heat transfer coefficients on airfoil and endw
surfaces were measured on the model turbine tests perform
Ohio State University. Internal heat transfer coefficients and fl

Fig. 2 Active combustion noise control loop
526 Õ Vol. 126, JULY 2004
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characterization tests were carried out at Carnegie-Mellon Uni
sity on the first-stage vane and blade-cooling designs. These
involved ten plastic models representing six cooling techniq
utilized in the various sections of the first stage turbine vane
blade. The transient liquid crystal technique was the primary m
surement method. Test results confirmed analytical predictio
The first-stage vane cooling design will be verified at ATS op
ating conditions in an integrated combustion and hot cascade
rig, located at the Arnold Engineering Development Center,
nold AFB, TN ~see Fig. 3!.

Heat transfer development included plastic model tests to m
sure internal heat transfer coefficients and pressure drops in
tipass blade cooling channels and stator airfoil and endwall fi
cooling. Third-stage turbine blade shroud cooling design was
ried out to ensure adequate cooling for the highly stressed por
of the blade.

Materials. ATS operating conditions extend the technolo
envelope of current materials, hence materials development w
is an important element in the evolution and success of
W501ATS engine. To ensure this success, development prog
were carried out on the effect of steam cooling on materials, bl
life prediction, advanced vane alloy, nickel-based superalloy
rotors, directionally solidified blade alloy properties, and sing
crystal material data.

Coatings. Thermal barrier coatings are critical to the m
chanical integrity of the W501ATS engine design. An advanc
bond coat/TBC system was developed for more than 24,000 h
service life. Different bond coats and ceramic materials w
evaluated under accelerated oxidation test conditions and d
selected. The advanced bond coat/TBC system mechanical in
rity and durability were demonstrated in more than 24,000 ho
of cyclic testing at 1010°C~1850°F!.

Novel ceramic chemistries were investigated in an effort to i
prove upon the phase stability and sintering resistance of
yttria-stabilized-zirconia TBC. Under a related program, DOE
Oak Ridge National Laboratory Thermal Barrier Coatings P
gram, new ceramic TBC’s have been identified with superior p
formance. With the selection of a new bond coat, identified ear
in the program, and a new TBC composition, a TBC system
available for application at the estimated ATS airfoil surface te
peratures.

An advanced abradable TBC system was developed unde
ATS program. The system was designed for the ATS first-st
turbine ring segment, which forms the outer flow path surfa
around the first stage turbine blade. In this application, the sys
requires state-of-the-art thermal barrier properties and suffic
abradability to prevent excessive blade tip wear. Laboratory co
ponent testing verified its ability to withstand high surface te
peratures, large thermal gradients, and engine-typical blade in
sion. To verify performance in an operating engine, seven fi
stage turbine ring segments were installed in an engine. Th

Fig. 3 Cutaway view of vane cascade test rig
Transactions of the ASME
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segments were inspected with excellent results after 6000 hou
operation. No detectable erosion or blade tip wear was obser

Single Crystal Casting Development. To achieve ATS Pro-
gram performance and mechanical integrity goals, SC vanes
blades are used in the W501ATS engine. Casting developm
programs were carried out to demonstrate castability of large
dustrial turbine airfoils in CMSX-4 alloy. Casting trials on firs
stage turbine vanes and blades incorporating thin wall coo
design features demonstrated the viability of this concept. Cas
trials carried out on the thick-walled second-stage blade
shrouded third-stage blade were also successful. This deve
ment effort will be continued to further improve the casting pr
cess, and hence improve the yield and make large SC tur
airfoil castings cost effective.

Component Testing

Compressor. To verify the aerodynamic performance an
mechanical integrity of the new high-pressure ratio design,
full-scale W501ATS compressor was manufactured and tested
specially designed facility constructed at the U.S. Navy Base
Philadelphia~see Fig. 4!. The compressor test was carried out
subatmospheric inlet conditions to reduce the power require
drive the test compressor to that available at the test facility.

The compressor was instrumented with static pressure t
fixed temperature and pressure rakes, thermocouples, tip clea
probes, blade vibration monitoring probes, rotor vibration prob
acoustic probes, and strain gages installed on several stag
stators. Provisions were made for radial traverses in eight a
locations in the compressor and four radial locations in the in
duct. More than 500 individual measurements were recorde
dedicated data acquisition system was used to collect and re
the test data. Important performance and health monitoring
rameters were displayed on computer screens in real time. A
the compressor test facility was commissioned, an extensive
program was performed. The test program included design p
performance verification, blade vibration, and diaphragm str
gage measurements, inlet guide vane and variable stator op
zation, compressor map definition and starting characteristics
timization. The compressor testing, which was successfully c
pleted ahead of schedule, confirmed all mechanical
aerodynamic performance predictions.

Turbine Testing. The objectives of this development progra
were the experimental verification of turbine performance w
airfoils designed for reduced solidity~and hence reduced coolin
requirement! and optimized for closed-loop cooling, performan
benefits due to optimum circumferential alignment of turbine a
foils, and airfoil surface heat transfer coefficients. A 1/3 sc
model of the first two turbine stages was designed, manufactu
and tested in the shock tube test facility located at Ohio S
University ~see Fig. 5!. Approximately 400 individual sensor
were installed on the model turbine, including miniaturized pr
sure transducers, thermocouples, and thin-film heat flux gage
both stationary and rotating airfoils. Provision was made for e

Fig. 4 Compressor test facility
Journal of Engineering for Gas Turbines and Power
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traversing. Test results confirmed efficiency and heat transfer
efficient predictions and indicated that clocking benefits w
greater than expected.

ATS Plant
The ATS plant utilizes a single shaft design concept which

corporates a gas turbine on one end of the generator and a s
turbine on the other~see Fig. 6!. The gas turbine is coupled to th
generator in the typical manner. However, the steam turbin
coupled to the generator through a self-shifting, and s
synchronizing clutch which is connected to the generator’s col
tor shaft. The gas turbine exhaust passes through the th
pressure level heat recovery steam generator~HRSG! before being
exhausted through the stack. The high-pressure steam turbin
haust steam is utilized to cool the transitions and the first t
stages of turbine vanes. The reheated steam is returned to
steam cycle for reheat and induction into the intermediate pres
steam turbine~see Fig. 7!.

The two-case multistage single-flow reheat, axial exhaust, c
densing steam turbine employs advanced aerodynamic de
methods. High-performance bowed impulse and reaction bla
are used on the high pressure and intermediate pressure turb
respectively. Optimized reaction blading is used on the low pr
sure turbine which includes 1.07 meter~42 in.! long last-stage
rotating blades.

The two-pole, 60 Hz, hydrogen inner-cooled generator des
absorbs the combined gas turbine and steam turbine power ou
The generator operates with static excitation and supports s
starting of the gas turbine. To achieve high efficiency, seve
design enhancements, such as reduced windage and core l
and improved insulation, were incorporated.

Fig. 5 Model turbine test rig

Fig. 6 ATS plant layout
JULY 2004, Vol. 126 Õ 527
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Fig. 7 ATS plant steam system
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W501G Engine Development
Siemens Westinghouse solicited input from an industry ad

sory panel comprised of members from major U.S. and inter
tional utilities and independent power producers. Based on
input from this panel and market analyses, Siemens Westingh
is pursuing an evolutionary introduction of the W501ATS, whi
incorporates ATS technology in stages culminating in an eng
that meets or exceeds all of the program objectives. This appro
has two main advantages. First, the evolutionary approach m
gates the risk associated with introducing multiple, advanced te
nologies simultaneously. Second, the early introduction of A
technology expands the net benefit of the program, as comp
with limiting the technology incorporation to only the W501AT
engine.

The evolutionary approach is shown schematically in Fig.
First, the introduction of the ATS frame begins with the 250 M
W501G. This engine is the latest in the series of heavy-duty ut
gas turbines and incorporates many ATS technologies. This en
utilizes advanced materials, coatings, cooling technology and
vanced aerodynamic design. The 19.5:1 pressure ratio 16-s
compressor, which is derived from the ATS compressor, uses
vanced profile high-efficiency airfoils. The combustor design
similar to W501F and hence has the same low NOx emissions.
The 4-stage turbine uses full three-dimensional design airfo
Brush seals are used in the turbine interstage locations and a
able coatings are used in both the compressor and the turbin
reduce blade tip clearances. Second, from the initial W501G

Fig. 8 W502ATS engine evolution
28 Õ Vol. 126, JULY 2004
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ture enhancements include steam-cooled turbine vanes, lea
improvements, and increased combustor outlet temperature. T
the W501ATS engine evolves from the W501G which reduc
development risks through early demonstration of many criti
technologies.

W501G Test Results. The first W501G was ignited in April
1999, at the City of Lakeland, Maclntosh No. 5 site. The unit h
undergone extensive testing and verification. Since March 20
the customer has dispatched the unit based on power dema
Currently, the unit operates in a simple cycle mode with a on
through-steam-generator for cooling steam production. Const
tion of the combined cycle plant is underway and will be co
pleted in 2002.

The W501G test program included starting optimization, p
formance and emissions verification, hot parts metal tempera
measurement, including telemetry and thermal paint testing,
bration measurement, tip clearance measurement, etc. The e
instrumentation included over 3000 sensors and measured pa
eters. An engine schematic showing the various sensors is sh
in Fig. 9. The test program consisted of two distinct phas
emissions/performance mapping phase and thermal paint tes
In the emissions/performance mapping phase, testing targ
combustion system variables and provided engine performa
mapping from different operating conditions, such as IGV po
tion and exhaust temperature.

Following the initial testing, turbine flowpath and combustio
components were painted with thermal paints and installed
the engine. The thermal paint changes colors based on exp
temperature. This method is used extensively in aeroengine
dation since it provides a complete and accurate temperature
of the components at operating conditions. To react the ther
paint, the engine was ramped up to full load, run for appro
mately five minutes at full load and then shut down. The therm
paint test was conducted in two phases. In July 2000, the tra
tions and first stage turbine vanes were painted and tested. T
components are removable without a major cover lift. In Octo
2000, a full paint test was carried out. This test included all t
bine blades and vanes and areas of the rotor subjected to
temperatures. Figure 10 shows the scope of the painted com
nents. Both tests were conducted successfully and results
evaluated in great detail to verify the hot parts’ cooling design a
to validate computer codes used in W501G engine design.
testing validated the transition duct closed-loop steam cooling
commercial application.
Transactions of the ASME
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Fig. 9 W501G field test instrumentation
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Technology Infusion Into Mature Frames
New technologies developed in the ATS Program were retro

ted into the whole Siemens Westinghouse gas turbine product
to improve efficiency, reduce emissions and improve mechan
integrity.

The ATS-developed compressor technology has been retrofi
into the W501F product line. Using the analytical techniques
veloped and proven in the ATS program, the W501F compres
was upgraded in the latest improvement to this successful fra
This advanced compressor is used on all new 501F engine
addition, the redesigned compressor can be retrofitted to an
the 42 W501F engines that were built with the original W50
compressor. Applying this ATS technology to the W501F eng
expands the benefit of the ATS program, since the W501F c
prises more that 70% of future units that are sold or on orde
Siemens Westinghouse.

To date, ATS-developed brush seals have been successful
corporated and operated in W501G and W501F product lines.
and post-upgrade tests have demonstrated performance imp
ment in retrofit applications. The ATS-developed abradable c
ings have been incorporated into W501F and W501G compres
and front turbine stages~first and second stages!. The later turbine

Fig. 10 W501G thermal paint test
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stages~third and fourth stages! employ shrouded blades with sta
tionary honeycomb seals, and do not require abradable coati

Summary
Technology development efforts have demonstrated that A

Program goals are achievable. Full-scale compressor tests ve
the ATS compressor aerodynamic performance and mecha
integrity. Model turbine tests and internal heat transfer tests
first stage turbine vane and blade cooling designs were comple
Development of brush seals, rotor rear face seal, and abrad
coatings were completed. Development of the ultra low NOx com-
bustor and catalytically enhanced combustor is progressing. S
eral materials development programs were successfully c
pleted. Preproduction casting development will continue on
single crystal thin wall vanes and blades. Long-term verificat
tests are continuing on the advanced bond coat/TBC sys
W501G field verification testing was completed. New techno
gies developed in the ATS Program were retrofitted into the wh
Siemens Westinghouse gas turbine product line. Future plan
clude the W501G engine evolution into the W501ATS engine
incorporating first and second-stage turbine vane closed-l
steam cooling, optimized compressor and turbine aerodynamic
signs, active tip clearance control, advanced sealing, and cata
combustion.
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