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OBJECTIVES

GE Power Systems, with the support of the
U.S. Department of Energy, has continued to design,
develop, and initiate the manufacture of its H class,
gas turbine combined cycle power generation system.
As daed previoudy (1), program gods reman
conggent with the origind overdl DOE Advanced
Turbine Systems gods of 60 percent combined cycle
efficiency (LHV), <10 ppm NOx emissons a 15%
O,, and a 10 percent reduction in the cost of
eectricity. As origindly condituted, Phase 3 of the
utility scale ATS program was intended to alow DOE
support of detailed gas turbine design, assessment of
overdl combined cycle sysem performance and,
maost importantly, alow test vdidation of component
and subassembly designs, many of which have been
severe technica chalenges for the gas turbine industry
and its suppliers.

BACKGROUND INFORMATION

GE Power Systems has been developing an
extensvely steam cooled gas turbine design, which
has evolved from early systems studies more than a
decade ago. A large number of variations in cycle
configuration were evauated prior to settling on the
current concept and Sarting to address its design
chdlenges. As aresult of having made a basic cycle
configuration sdection in advance of the initiation of
the DOE ATS program, GE did not dect to
participate in the ATS program until its seection for
award in Phase 2, Conceptual Design and Project
Development. Through participation in Phase 2, GE
was able to andyticdly and experimentdly examine
many of the critical technology issues associated with
the use of dlosed circuit seam cooling in avery large,
utility-scae gas turbine combined cycle system.
These technology issues included materid steam
compatibility, seam cleanliness requirements, hesat
transfer in steam-cooled rotating components,

combined cycle peformance, and system dartup
requirements.

The basic concepts of the GE steam-cooled
gas turbine desgn and overdl combined cyde
configuration have been discussed previoudy (1), (2),
and (3), and are driven by the need to increase
turbine inlet temperature to augment cycle efficiency
and specific output while retaining a low enough
combustion temperature to provide the required NOx
emisson peformance. The gas turbine can then
operate as an intermediate pressure rehester for the
bottoming cycde and is fully integrated with the
combined cycl€' s steam system. Hest rgjected to the
coolant in the gas turbine is directly transferred to the
bottoming cycle rather than being logst to the gas
turbine' s exhaudt.

PROJECT DESCRIPTION

GE Power Sysems concluded negotiations
for a Cooperative Agreement with DOE for Phase 3
of the ATS program, dlowing a program sart in July
1995, and darted work on detalled desgn and
component testing activities A detalled work
breakdown structure (WBS), shown previoudy (1),
addresses both the 7H (60 Hz) and 9H (50 Hz)
configurations of the ATS gas turbine combined cycle
sygtem. A lage amount of commondity exists
between the 60 Hz and 50 Hz versions of the gas
turbing, and the design of these components and
subassemblies continues to be supported by the ATS
program. Proof of concept and subscde
aerodynamic, heat transfer, and materid testing and
data evauation are dl generally common eements for
both gas turbine designs and have been a part of the
ATS program.  Further, the overdl operationa
drategy for dating, loading, unloading, and
unscheduled loss of load have been evaduated as a
part of the ATS program and viewed as common to
both single-shaft combined cycle systems.



In March 1997, DOE issued a Request for
Proposals to the ATS contractors for a restructured
program. Instead of the origina demongtration phase
(Phase 4) of the ATS program, which included the
gting of the firda commercid unit & a hogst gdte, the
program was restructured to extend the Technology
Readiness Testing phase (Phase 3). The restructured
program (Phase 3R) features Full Speed No Load
(FSNL) testing of the ATS (7H, 60 Hz), including
design, procurement, and indalation of unique tooling
and test insrumentation. Importantly, the restructured
program is designed to achieve the ATS program’s
technicd gods in the time frame established by the
ATS program plan.

In Jduly 1997, GE responded to the
Depatment of Energy with a proposd for a
resructured ATS program. Subsequently, in
December 1997, GE submitted a find revised
proposa to DOE. Negotiations with DOE regarding
the restructured ATS program concluded in late
March 1998, with the execution of a modification to
the exising Cooperative Agreement for the ATS
program, which extends the Agreement through
December 31, 2000.

The modified Cooperative Agreement reflects
the continuing commitment of GE and DOE to the
ATS program. The central goa of the ATS program
- producing technology by 2000 that is ready for
commercid gpplication — remains unchanged. Under
the restructured ATS Phase 3, GE will manufacture
and perform a FSNL test on a 60 Hz machine by the
end of 1999 at GE's Greenville, SC facility. Figure 1
showsthe GE ATS program by year.

RESULTS

Many of the syssem design consderations and
results related to overdl gas turbine configuration,
gartup, and shutdown steam and air cooling issues

and sysem peformance have been discussed
previoudy, (1-4), and will not be repeated here.
Much of the effort during 1999 has been in
combustion system development, continued materias
characterization, continued heat trandfer testing,
continued therma barrier coating (TBC) development
and testing, and component rig tests.

Two of the key components successfully
tested in 1999 are: a scaled 7H compressor rig test
(3Q99), and an ongoing full-scde combustor
development testing program.

In addition, 7H component manufacture was
completed, and assembly to support a 4Q99 FSNL
test is on schedule The 9H FSNL product
acceptance testing has been completed, and has
provided important technology vdidation that was
incorporated into the 7H hardware desgn and
subsequent test program.

Gas Turbine Description

GE's MS7001H ATS gas turbine contains an
18-stage compressor, a can-annular Dry Low NOXx
(DLN) combustion system similar to those utilized on
prior GE gas turbines, and a 4-stage turbine. A
2600F-class firing temperature and closed-circuit
seam cooling are used in the turbine A cross
section is shown in Figure 2. The compressor
provides a 23:1 pressure ratio with 1230 pps airflow.
It is derived from GE's high-pressure compressor
used in the CF6-80C2 arcraft engine and Industrial
Aeroderivative (IAD) LM6000 gas turbine. The
MSO001H compressor is Smilar in design and has an
arflow of 1510 pps.

The turbine employs closed-loop steam
cooling of the firg- and second-stage nozzles and
buckets. Steam from the combined cycle steam
system s introduced into the turbine components,
provides cooling, and is returned to the combined



cycle for work extraction in the steam turbine. Air
cooling is used for the third-stage nozzles and
buckets, with the fourth stage being uncooled.

M S7001H Compressor Test

The 7H compressor rig test was completed in
3099 a GEAE's Lynn, MA tet fadlity. The
compressor rig rotor and stator are shown in Figure
3.

MS7001H Compressor Test Results.
The MS7001 compressor provides 1230 pps of
arflow at a 23:1 pressure ratio, and its design forms
the core aerodynamics for the 7H. Thisscaesto 180
pps and 23:1 pressure ratio for the test rig. Test
objectives included performance, operability, dall
margin, and aeromechanics. The rig was tested for
more than 150 hours with more than 800 test points
recorded.

Power turndown performance and operability
tesing were successfully conducted, with arflow
turndown capability exceeding the 40 percent target.
All of the compressor vibratory siresses were within
dlowable limits

An important pat of the test was
establishment of the high-speed compressor map
shown in Figure 4. In addition, testing was used to
vdidate the no-load operating line, full-load operating
ling, and gl margin. Start testing was performed to
vdidate Sarting characteristics. The results of thistest
were used to determine the variable vane settings in
the 7H FSNL test program.

The 7H compressor has been built upon a
foundation of successful CF6-80C2 operation and
validated by previous 9H compressor testing.

Rotor Steam Delivery System

The rotor seam deivery system delivers
steam for cooling stages 1 and 2 turbine buckets.
This steam delivery system rdlies on tubular sedls, or
“gpoolies’, to effectively ddiver steam to the buckets
without detrimentd leskage of steam, which would
leed to peformance loss and adverse thermd
gradients within the rotor sructure.  The basic
concept for power system steam seding is derived
from many years of successful gpplication of spoolies
in GE aircraft engines.

Spoolies were used on the 9H FSNL test
machine. Although steam cooling was not utilized,
assembly and disassembly tooling and processes
were developed. Post-FSNL test evauation of the
sedlswas correlated with previous spoolie component
tests.

A rotating eam ddivery rig was desgned
and fabricated, and will demondtrate cyclic endurance
characterigtics of the steam delivery system under
smulated 9H and 7H engine operaing conditions.
The rotating rig will subject components to the same
centrifugd forces and thermd gradients that occur
during actud operation of the turbine. The rig is
shown in Figure 5, and is scheduled to run in lae
4Q99.

Combustor Design

The H machine combustor design is based on
the current GE commerciad DLN combustion system,
with modifications being made for improved use of
avalable ar, reduced cooling, and grester load
turndown capability. The desgnissmilar for both the
9H and 7H machines.

Development testing continued in 1999 in the
GEAE-Evendde, OH combustor test facility, which
has full H machine flow, pressure, and temperature



capability. Teding focused on producing a
combustion system that produced single digit NOx
emissons with acceptable dynamics, turndown, and
metal temperatures.  Severd configuration choices
were made. The combugtor length (longer of two
options), and the number of fud injectors per
chamber were determined. Operating metal
temperatures were characterized, and lifing anadyses
were completed with pogtive results.  Testing will
continue for the remainder of 1999 to develop margin
to angle digit NOx for the 7H. The combustor test
rig isshown in Figure 6.

7H Full Speed No Load Test

The initid 7H full speed no load (FSNL)
product acceptance test is scheduled for late 4Q99 at
GE's Greenville, SC manufacturing facility. Testing
will validate scde-up effects of the 7H compressor
(flow, operability, aeromechanics), rotor dynamics,
secondary  arflow sysems, bearing sysems, and
controls. The 7H FSNL test will benefit from the
previous 9H FSNL product acceptance test program,
which provided an initid vdidation of the H
technology platform and the GE Mak VI control
sysem. The 7H test machine is shown in Figures 7
and 8.

Initial 9H Site

GE Power Systems and BP Amoco (UK) received
British government gpprova for condruction of a
500-megawatt 9H-based power plant at the Baglan
Bay Energy Park in South Wdes. The new plant is
scheduled to enter service in 2002. An artist’s view
of the Baglan Energy Park is shown in Figure 9.

Initial 7H Site
GE Power Systems and Sithe Energies announced

plans for an 800-megawatt 7H-based power plant in
Scriba, NY. The plant is scheduled to begin

operation and testing in the last quarter of 2002. An
artig’s view of the “Heritage Staion” plant is shown
in Figure 10.

CONCLUSIONS

GE is continuing on its path to introduce the H
product line, providing the customer with the highest
thermd efficiency, lowest cost of dectricity option for
future power generation. The successful compressor
rig tests, nozzle cascade testing, and combustor
development are key milestones on that path. Initia
FSNL testing of the 9H gas turbine a GE's
Greenville, SC manufacturing plant dlowed vaidation
of a large number of sysem components, and the
results are being factored into the ongoing 9H and 7H
designs. The MS7001H ATS will follow with FSNL
testing in late 1999.
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Figure 2. 7H Gas Turbine
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Figure 3. 7H Compressor Rig Test Hardware
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Figure 4. 7H Compressor Test Validates High-Speed Compressor Map
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Figure 6. Combustor Test Stand at GEAE —Evendale, OH




Figure 8. 7H Turbine Rotor During Assembly




Figure 9. 9H Site, South Wales, UK
Baglan Bay Project

Figure 10. 7H Site at Heritage Station, Scriba, NY




