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1.0 EXECUTIVE SUMMARY

General Electric Advanced Turbine Systems Program

GE has achieved a leadership position in the worldwide gas turbine industry in both
industrial/utility markets and in aircraft engines. This design and manufacturing base plus our
close contact with the users provides the technology for creation of the next generation
advanced power generation systems for both the industrial and utility industries. GE has been
active in the definition of advanced turbine systems for several years. These systems will
leverage the technology from the latest developments in the entire GE gas turbine product
line. These products will be USA based in engineering and manufacturing and are marketed
through the GE Industrial and Power Systems.

Achieving the advanced turbine system goals of 60% efficiency, 8 ppmvd NOx and 10%
electric power cost reduction imposes competing characteristics on the gas turbine system.
Two basic technical issues arise from this. The turbine inlet temperature of the gas turbine
must increase to achieve both efficiency and cost goals. However, higher temperatures move
in the direction of increased NOx emission. Improved coating and materials technologies
along with creative combustor design can result in solutions to achieve the ultimate goal.

GE's view of the market, in conjunction with the industrial and utility objectives requires the
dvelopment of Advanced Gas Turbine Systems which encompasses two potential products: a
new aeroderivative combined cycle system for the industrial market and a comined cycle
system for the utility sector that is based on an advanced frame machine.

The GE Advanced Gas Turbine Development program is focused on two specific products.

1. A 70 MW class industrial gas turbine based on the GE90 core technology utilizing
an innovative air cooling methodology.

2. A 200 MW class utility gas turbine based on an advanced GE heavy duty
machines utilizing advanced cooling and enhancement in component efficiency.

Both of these activities require the identification and resolution of technical issues critical to
achieving Advanced Turbine System (ATS) goals. The emphasis for the industrial ATS will
be placed upon innovative cycle design and low emission combustion. The emphasis for the
utility ATS will be placed upon innovative cycle design and low emission combustion. The
emphasis for the utility ATS will be placed on developing a technology base for advanced
turbine cooling while utilizing demonstrated and planned improvements in low emissions
combustion.  Significant overlap in the development programs will allow common
technologies to be applied to both products. GE's Industrial and Power Systems is solely
responsible for offering GE products for the industrial and utility markets. The GE ATS
program will be managed fully by this organization with core engine technology being
supplied by GE Aircraft Engines (GEAE) and fundamental studies supporting both product
developments being conducted by GE Corporate Research and Development (CRD). GE's
worldwide experience in commercialization of these products will ensure that the ATS
program can proceed to the marketplace.




{g1avl

ANIGYUNL dT LITdS*+
. SNOLLVINAIONOD ANITASVE GHL SV ISTHLs
ULYLOY | 69V 99y | 99Kz or (%) AONEIDIAAd
THWOW | CTWSSH| LSKOsy| €5y ELS TH TOAD TTINIS
VI8V08| VESELL| 6C8FOL AN
SEL'999| ‘BOLYYI| ‘669'9°€9|  9'6s $6°ch LNdLNO ¥IMOd
008T 0082 008Z | 008Z'00LZ | 008C '00LT (do) dWAL
NYHL00ST |  NUHLO00ST | NUHL00ST | 0092°00sz | ‘009z'00sz|  00sz pIST LIINI aNIganL
(d0) dWHL
8pI1 8yl 9LIT 8p11 811 SLOT 26 IDUVHOSIA
OSSTYINOD
JAINA FARIA AR dAIId qAINA gAIId NOILOaNNOD
LOFYIA LOHYNId |  108¥dld| IDA¥id| J1Ddd1id| 1Dd¥Id | Xoguvian avo'
d3ads aNigant
WAY 009€ |  009€/000T++ | WJY 009€ | I 009€ | WJA009€ | Wdu009¢ | Wdy 000z | Funssaud Mo
| ANIgUNL
ANSSTUd
SaA STA STA SAA SAX SAA 064D-ON MOT MAN
SAX SAX SHA SAX ON ON ON 4317000049NL
AOLSNEN0D
SHA SHA SAA SAX SHA SHA SaA XON MO'T A¥d
4315004 40
SL'1 SLT 0T L' SL'I £€9°1 0 OLLVY FUNSSTAd
Wdd 009¢
OLIANA JATIA dANa|  "Ana JAINa gAINd gdAL
aayvan LOFUIA |  1oddIld| IoHwWId| J1oswid|  1DaId INON | FAING ¥aLS0O0d
ANIEUNL INIGUNL | ENIYNL| aNIgdnl | aNigunl| aNigant
AUNSSHUd ANSSAYd | FYNSSHU | TINSSTU | HYNSSTU | AUNSSTUd INON ANITINL
HOIH/SHA MOT/SHX | MOVSHA| MOTSHA | MOVSIA | MOT/SIA JAINANI3LS00d
L 9 3 b 3 +C «1 STUNLVAd

AJNLS YHANN SATOAD ANIONH SLV




TASK 3 - SELECTION OF A NATURAL GAS FIRED ADVANCED TURBINE
SYSTEM (GFATS)

TASK 3A SELECTION OF AN INDUSTRIAL NATURAL GAS FIRED ADVANCED
TURBINE SYSTEM (GFATS) _

Task Description

Selection and description of an Industrial Natural Gas Fired Advanced Turbine System
(GFATS). The selected system will be capable of modification for operation with coal gas.

Progress During Reporting Period
3A.1 Cycle Analysis

Cycle thermodynamic models defining gas turbine steady-state operation have been constructed for
a variety of configurations. These designs are built around a GE90 high pressure system incorporating
test status compressor and turbine performance. All the configurations incorporate a new (relative to the
GE90) or modified GES0 low pressure turbine system and, where applicable, a new booster design.
Cooling flows for non-turbocooled designs were set at current GE90 levels. Cooling flows for the turbo-
cooled designs were set at the level used in Reference 1 (proposal) and will be updated as design work
continues. The matrix of engines are defined in Table 2.

Design point performance data, including gas turbine thermal efficiency and power output, was
generated for each design. Data for each model has been generated at four design firing temperatures. All
configurations were operated at an HPC physical speed equivalent to GE90 takeoff operation at 88,800
Ibs. sea level static thrust and a stall margin (constant flow definition) of 20%. All designs are being
reviewed and the most promising configurations will be updated (cooling flows, component performance,
firing temperature) for further design work.

Technical Challenge

The objectives of this program are to achieve high power generation thermal efficiency combined
with reduced emissions and reduced cost per kilowatt using a GE90 aeroderivative gas turbine utilizing
auxiliary turbo-cooling. These goals have a strong influence on the thermodynamic design of the gas
turbine engine in terms of firing temperature, compression ratio, component performance and system
architecture considerations such as intercooling. In addition, the bottoming cycle is critical in achieving
combined cycle thermal efficiency goals. The bottoming cycle design work will be addressed by GEPG.
The technical challenges addressed below concern the conflicting requirements of high power output and
thermal efficiency with the demand for low cost and low emissions.

Gas turbine cycle thermal efficiency and power output both benefit from increasing firing
temperature (HPT rotor inlet temperature) through the use of auxiliary turbo-cooling (ATC). Thermal
efficiency benefits from increasing the average temperature at which heat is added and power output
benefits due to more work generated per unit airflow. Here is where the bottoming cycle is critical to
system thermal efficiency: as firing temperature increases, so does the exhaust gas temperature and hence
the heat unrecoverable by a conventional gas turbine. The bottoming cycle captures that heat and uses it
for power generation in a separate system. Unfortunately, high firing temperature is not conducive to
long life or low emissions. However, the use of auxiliary turbo-cooling counteracts the effects of firing
temperature by cooling the cooling air thereby allowing HPT blade metal temperatures consistent with
life requirements. In fact, ATC allows for a reduction in cooling flows at constant blade life (relative to




using uncooled compressor discharge air) which provides for an increase in combustor dilution air
resulting in lower flame temperature and reduced emissions. In this way, ATC is effective in boosting
power output and efficiency while reducing cost and emissions.

Another factor affecting gas turbine thermal efficiency is the efficiency of the individual
components. The principle effect of increasing component efficiency is the reduction in wasted energy
which is manifested as lower exhaust gas temperatures for a given firing temperature. Hence, a gas
turbine with high component efficiencies will have a higher power turbine firing temperature (hence
power output) for a given exhaust temperature than a cycle with lower component efficiencies. Since the
power output per unit airflow of the bottoming cycle is a function of gas turbine exhaust gas temperature
only (to first order), the more efficient GT cycle will have a higher combined cycle efficiency as well. In
addition, higher compressor efficiencies allow more compression for a given compressor discharge
temperature. Since the compressor size is fixed in this study (GE90), higher compressor efficiencies allow
more airflow and therefore higher power output and reduced cost per kilowatt. In this respect, it is very
important for components new to the GE90 ATS, such as the booster, gearbox (where applicable), and
power turbine, to incorporate the most advanced technology available.

Power output was increased further by increasing engine pressure ratio. Since HPC pressure ratio
is fixed, engine pressure ratio is raised by increasing booster pressure ratio. Also, since HPC corrected
design airflow is essentially fixed by the GE90 HPC design, booster inlet area (hence, airflow) must also
increase. It is the increase in airflow which is chiefly responsible for the increase in power output as
booster pressure ratio increases. However, since compressor life is tied to compressor discharge
temperature (T3), engine max pressure ratio and the resulting airflow size and power output are
essentially defined once the limiting T3 is determined .

One further method of boosting power output that eliminates the T3 issue is to cool the booster
exit flow using an intercooler. The use of intercooling allows higher output by allowing higher engine
physical airflow. The intercooler, which may use feedwater for the bottoming cycle to cool the air, by
virtue of the equation of state for a compressible fluid reduces the specific volume of the airflow as it
cools the air. Because of this, the GE90 compressor can accept significantly more physical airflow than if
the air were at booster discharge temperature. In order to provide more airflow, a larger booster is
needed. Also, since the booster exit air i1s cooled and the GE90 HPC pressure ratio is essentially fixed at
the design point, the booster pressure ratio can be greatly increased without fear of violating the
compressor discharge temperature (T3) limit. However, there are two limiting parameters to consider
with an intercooled cycle: the HPC inlet air temperature is limited by the feedwater inlet temperature and
the physical airflow is set by the compressor discharge pressure limit. Still, the intercooled cycle can
provide higher power output, and by virtue of lower T3, can provide that power with improvements in
life and reduced emissions. Some of the drawbacks include the costs associated with manufacturing an
intercooler, the size of an intercooler with a reasonably low pressure loss, as well as the detail design of
the GE90 HPT.

Finally, the efficiency of the intercooled cycle can increase due to the more efficient overall
compression process and because combustion occurs at a higher pressure. The higher compression
efficiency appears as a reduction in T3 for a given compression ratio although the performance of the
individual components (booster and HPC) is not improved. Still, an important element of increasing the
overall efficiency is the reintroduction of the heat carried away by the feedwater in the bottoming cycle. If
this energy is lost, the booster energy used to create that heat is thrown away and combined cycle
efficiency is reduced. In addition, the fact that heat is added to the cycle at a higher pressure simply
improves performance by reducing exhaust gas temperature for a given firing temperature hence
improving gas turbine cycle thermal efficiency. The effect of higher combustion pressure on combined
cycle efficiency depends on the trades between intercooler temperature drop, engine pressure ratio, and
firing temperature and therefore needs to be evaluated on individual designs.




3A.2 Flowpath Design Studies

Flowpath studies for using the GE90 core with turbocooling have been iniated. the power turbine
for this cycle will drive both the low pressure compressor(booster) and supply output power. Since it is
envisioned that the engine system could be used in both 60Hz or 50 Hz service, the new low pressure
turbine will be sized to operate at both 3600 rpm and 3000 rpm. The low pressure compressor or booster
will be scaled using existing technology.

The next step in defining the intial flowpath will be focused on the low pressure turbine design.
Different options will be consider which provide the balance of turbine efficiency and number of stages.

3A.3 Combustor Aero-Preliminary Design

Preliminary design models for the combustor and fuel/air mixers have been built to study the
impact of combustor air flow on NOx emissions levels, and to provide a preliminary sizing tool
for the DCARS type fuel/air premixers. The combustor model is a spreadsheet type model based

. on a similar model developed and used in the preliminary design of the LM6000 DLN combustor.
Appropiate modifications have been made to adapt the model to the GE90/ATS. The flame
temperature calculation used in this model takes into account the combustor inlet pressure, inlet
temperature, fuel/air stoichiometry, fuel temperature and humidity. The NOx emissions
correlation with flame temperature is based on the DCARS III mixer performance. The mixer
sizing tool was developed using the DCARS design criteria. This tool provides a preliminary
overall size, and some specific size details of the mixer and its components given a set of
operating conditions. This tool has been computerized and automated to allow easy and rapid
design changes.

Preliminary combustor model studies have suggested that to meet the challenging goal of 8-
ppm NOx at the max power operating condition, given the current engine cycle data, will require
at least 282 lbm/sec of mixer air flow for the turbocooled engine configuration, and 214 Ibm/sec
of mixer air for the non-turbocooled engine configuration. For the turbocooled configuration, that
amount of air represents approximately 86% of the total compressor discharge flow, while for the
non-turbocooled configuration only about 70% of the compressor discharge flow is required.
Curves showing estimated NOx emissions as a function of total mixer flow for both engine
configurations have been generated to demonstrate the NOx sensitivity if mixer air flow is traded
for increased cooling. The high mixer flow requirements of the turbocooled configuration present
a combustion stability problem at the lower power operating points. A 40% power point was
looked at. Using the same 86% compressor discharge flow with all mixers fueled results in mixer
equivalence ratios considerably below the status lean extinction limit for the DCARS mixer. In
fact, if fuel flow is assumed to be held constant, the mixer air flow would need to be reduced to a
level of 65% compressor discharge flow to provide adequate stability margin at the 40% power
operating point. As such, compressor discharge bleed will need to be increased at lower power
operating points, and/or some configuration of fuel staging implemented to achieve stability. An
alternative could lie in the development and implementation of an advanced radiative flame
stabilization system similar to that currently under development at GEAE for military combustor
systems. The current DCARS mixer status lean extinction threshold shows that mixer flame
temperature required to maintain stability increases rapidly once combustor inlet temperature
drops below about 850 F. Along with this increase in flame temperature comes an increase in
NOx emissions. NOx emissions at idle operation could be in the 20 to 30 ppm range.

Combustor preliminary flowpath layouts have been developed, and are still in progress. The
objective here is to obtain a configuration that fits into the existing GE90 CDN with minimum
acceptable mechanical modifications. This is challenging given the need for high mixer flow, and
the very short length of the current GE90 engine combustion system. To save some overall
length, combustor configurations featuring multiple domes containing up to 60 mixers per dome




have been looked at. The greater number of mixers permits reduction in their size. This allows
more room to "squeeze" the combustor into the available space, and also reduces the mixer
residence time to reduce the threat of autoignition. With the very hot fuel supplied to the mixers,
and high combustor operating pressure and temperature associated with the turbocooled
configuration, mixer autoignition is a key concern. Very limited autoignition data appears to be
available which addresses both the very high operating pressures and temperatures, as well as the
very high temperature of the injected fuel. The combustor preliminary designs that have been
looked at to date have bulk flow residence times of about 4.4 to 4.6 msec. This compares to 5.6
msec for the LM6000 DLN. Reducing the residence time was done to minimize the required
combustor size so as to better fit into the available space. The impact of the higher operating
temperatures and pressures of the GESO/ATS relative to the LM6000 DLN is expected to offset
the adverse impact on CO emissions from reducing the bulk flow residence time. This needs
additional study.

Key Design Challenges

1)  Achieving mixer air flow rates sufficient to meet the NOx emissions goals for the
turbocooled engine configuration.

2) Autoignition and coking potential of very high temperature natural gas fuel used with the
DCARS mixer design at high power operating conditions.

3) Fitting a high dome flow combustor design within the current GE90 engine combustion
system space.

4) Maintaining combustion stability at lower power operating conditions.

5)  Achieving sufficient CO burnout to meet CO emissions goals in the compact combustor
design.

3A.4 Turbine Heat Transfer
Overview

Preliminary turbine cooling designs for the high pressure turbine vane and blade have been
developed this reporting period to support the evolution of the ATS cycle and establish the design
constraints necessary for a successful detailed design. The turbocooled cycle configuration 4 in
table 2 was selected for this study.

We (%W25)

Combustor Inner Liner 1.5*
Combustor Outer Liner 1.5
HPT Vane Inner Band & Leakage 1.5*
HPT Vane Outer Band & Leakage 1.5
HPT Vane Film 1.25%
HPT Shroud 0.5
HPT Stage 1 Blade 2.2%
Forward Combustor 0.4*
Total 10.35

Note: All flows noted with a * pass through the HPT vane: 1.25%W25 is film and 5.6%W25 is
non-film which is captured and used to cool the combustor inner liner, vane inner band,
HPT stage 1 blade, and forward combustor seal.




Cycle Conditions & Gas Temperature Profiles

The thermal design point cycle conditions at which the high pressure turbine has been evaluated
and compared below with the GE90 design point conditions. As can be seen, the ATS design
point T3 is 102°F colder and T41 is 95°F warmer than the GE90 at SLTO Mach .25+27°F
Ambient Day conditions.

ATS GE90
T3 (F) 1148 1250
Tcoolant(F) 719 1250
P3 (PSI) 588.2 592.5
T41 (F) 2700 2605
P4 (PSI) 557.8 563.1

The ATS includes a triple annular Dry Low Nox combustor at considerably lower profile and
pattern factors than the GE90 design which results in flatter gas temperature profiles. In
particular, the high pressure turbine blade relative gas temperature profile is colder at the pitchline
but warmer at the hub and tip. Also, the ATS design includes a high pressure turbine vane
cooling design (which will be discussed in detail later) which minimizes the film cooling to achieve
metal temperatures required for life. For the same T41, decreasing the vane film cooling flow has
less effect of quenching on the gas temperature, meaning a lower T4 is experienced.

HPT Vane

Cooling flow for the high pressure turbine vane is supplied from the turbocooler at much
lower temperatures(Tcoolant=719(F)) and higher pressures than the conventional vane coolant
supply from CDP air. There are many unique features to the HPT vane cooling design which
minimize the cooling flow and film requirements to achieve life. The HPT vane cooling design
uses only trailing edge film. The cooling circuit includes two impingement inserts for increased
heat transfer but rather than exhausting through film holes as in traditional designs, the post
impingement flow is captured at the hub of the airfoil and is used to cool the combustor inner liner
and HPT blade. The ability to reuse the spent vane cooling air is only possible due to the
increased pressures and lower cooling temperatures supplied by the turbocooler. Typical
impingement/film cooled vane designs are limited by backflow margins (Pcoolant/Pgas) at the
leading edge of the vane to prevent gas ingestion. This is not a restriction for the ATS design;
only the cooling air pressure supplying the combustor inner liner, which is the vane cooling air
exhaust pressure, is a design constraint.

A detailed evaluation of the internal cooling concept of impingement with no film cooling
(i.e. capturing the post-impingement air) as is impacts cross-flow and heat transfer coefficients
will be made at a university facility. This information will be incorporated into the final design of
the vane.

The preliminary configuration of the airfoil also includes 20 mils of TBC completely
coating the airfoil which is considerably thicker than our experience to date. Five mils of TBC is
typical on today's airfoils although up to ten mils have been tested for limited periods. The
increased TBC thickness provides a technical challenge in many areas: spallation of the TBC is
not fully known; temperature gradients through the TBC as well as the maximum temperature of
the TBC are areas of concern. This technology has significant payoff and will require component
development work.




A comparison of the ATS vane versus the GE90 follows:

ATS GE90
Hot Streak Temperature 3075 3441
Coolant Temperature (F) 719 1250
Pcoolant/Pgas 1.10 1.013
TBC Thickness (mils) 20 5/10
Wce (%W25): 6.85 7.94
- Film (%W25) 1.25 7.94
- Non Film (%W25) 5.60 0.0

The non-film cooling flow which cools the ATS vane is passed through the airfoil and goes on to
cool the combustor inner liner and HPT blade; only the 1.25%W25 film flow exhausts through the
trailing edge slots into the gas stream. Preliminary metal and TBC temperatures are shown in
Figure 1. A mechanical evaluation is still in progress to determine the life of this vane design.

HPT Blade

Once the turbocooler flow has cooled the HPT vane, a portion of that flow is supplied
through an inducer to the HPT blade. The flow has picked up some heat from the vane but
continues to be considerably cooler and at a much higher pressure than the traditional coolant
supply air. In this preliminary study, the blade cooling design includes a cold bridge leading edge,
five pass serpentine and cold bridge trailing edge. The airfoil is completely coated with ten mils of
TBC whereas the baseline GE90 design utlizes the same cooling passages but does not
incorporate any TBC. The combination of lower coolant temperature and TBC permits a design
for 25,000 hours of hot time on the ATS blade with only two-thirds the cooling flow requirement
of the GE90 blade. As mentioned earlier, the dependence on TBC is a technical challenge,
however, GE's experience to date has been with up to ten mils of TBC. The ATS blade design
will ful}ynachieve the life goals with ten mils of TBC. A comparison of the ATS blade versus the
GE90 follows:

ATS GE90
Gas Temperature Ttb (F) 2700 2780
Coolant Temperature (F) 844 1267
Pcoolant/Pgas ) 1.27 1.07
TBC Thickness (mils) 10 0
Wc (%W25) 2.12 3.34
Thulk (F) 1538 1808

" Metal and TBC temperatures are shown in Figure 2. This component design appears to meet our
goals.

Technology/Testing Needs

Vane Impingement With Crossflow Test:

The HPT vane cooling design relies upon impingement air providing enhanced coolant
side heat transfer coefficients. Rather than film cooling the airfoil, the flow is captured at the hub
of the airfoil and re-used as combustor liner or HPT blade cooling. Intercepting the flow implies
that some of the benefit of higher impingement heat transfer coefficients will be reduced due to
cross-flow. The vane design will be dependent upon optimization of the internal cooling concept.
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A proposal has been written defining three configurations to be tested for vane
impingement with crossflow = a baseline and two variations. A statement of work was prepared
and a request for quotation went out to three universities: Texas A & M, Howard and North
Carolina A & T. Only Texas A&M provided a quote; the remaining two declined. Work
authorization is pending the approval of Tasks 1 & 2 in order for testing to begin in January 1994
on a nine month testing program.

Technology Challenges

Both the HPT vane and blade are dependent on TBC to achieve the 25,000 hours hot time
life requirements. As mentioned earlier, the 20 mils of TBC on the HPT vane, in particular, is
thicker than our experience to date where five to ten mils of TBC have been tested. The
increased TBC thickness provides a technical challenge in many areas: spallation of the TBC is
not fully known: temperature gradients through the TBC as well as the maximum temperature of
the TBC are areas of concern.

Future Work

Iterations on the HPT vane and blade cooling designs will continue as further information
on the life restrictions and the cycle conditions are developed. Preliminary cooling flow designs
will be made of the HPT Stage 2 Vane including use of the turbocooling turbine exhaust flows as
the coolant supply. Also, the HPT Stage 2 Blade cooling flow definition will be completed.

3A.5 Turbocooler System

The GE industrial system employs a new cooling concept which uses a combination of a
high temperature fuel/air heat exhchanger and an external low pressure compressor/turbine
combination,(turbocooler), for pressurizing cooling air to be used for the main engines hot section
components such as combustor liners,turbine nozzles and blades and turbine shafts. The
turbocooler turbomachinery is based on available aircraft environmental system control machines.
These machine have been developed to a high degree of reliability. The basic turbocooling circuit
uses the supply fuel natural gas, as the heat sink for cooling air taken from the main engine
compressor discharge region, the heat transfer between the fuel and air takes place in the high
temperature heat exchanger. Typically the fuel outlet, from the heat exchanger, has been limited
to less than 300 OF in order to avoid coking in the fuel delivery system. Experiments at GE's
Corporate Research Center have indicated the coking problem can be mitigated, and consequently
the fuel temperature limit, by using a proprietary coke barrier coating(CBC) within the fuel
passages of the fuel/air heat exchanger including the fuel injectors. For this design we are utilizing
fuel temperatures up to 1000°F.

Design sofiware has been developed to study the impact of changes in cycle design
requirements(cooling flow levels and deployment) on the turbocooler system. This software
employs the latest data from Allied Signal(ASE). As the principal manufacturer of aircraft ECS
units Allied Signal has been selected as the subcontractor for turbocooler and heat exchanger
technology and will examine our proposed design ASE compressor and turbine maps form a
scaling base for the ATS studies and improved understanding of their heat exchanger design
procedures, for pressure losses, have been incorporated.

Studies are ongoing to determine the effect ,on the turbocooler system design, of changes
in compressor airflow and turbine exhaust pressure levels.

Plans for Next Reporting Period

Cycle selection will be narrowed to two configurations, and mechanical life analysis
will be completed for the turbine components.




TASK 3B SELECTION OF A UTILITY NATURAL GAS FIRED ADVANCED
TURBINE SYSTEM (GFATS)

Task Description

Documentation of the Utility GFATS selection. The Utility GFATS will be defined
prior to the start of Task 3. The selected system will be capable of modification for operation
with coal gas.

Progress During Reporting Period
No progress on Task 3B during this reporting period.

Plans for Next Reporting Period
Work will proceed with Utility ATS cycle selection..




TASK 4 CONVERSION TO A COAL FUELED ATS (CFATS)

Task Description

For both Industrial and Utility systems, select a coal fueled cycle based on adaptation
of the GFATS and identify the work required to modify the GFATS to perform optimally in
the CFATS.

Progress During Reporting Period
No progress on Task 4 during this reporting period.

Plans for Next Reporting Period
Work will begin on identification of changes needed for conversion to coal gas.




TASK §

MARKET STUDY

Task Description
Conduct market studies for the Industrial and Utility GFATS systems selected in Task 3.

Progress During Reporting Period
No progress on Task 5 during this reporting period.

Plans for Next Reporting Period
Work will begin on determining preliminary market configuration.




TASK 6 SYSTEM DEFINITION AND ANALYSIS

Task Description

Develop a conceptual design of the GFATS, providing engineering analysis to define
and specify the GFATS.

Progress During Reporting Period
No progress on Task 6 during this reporting period. -

Plans for Next Reporting Period
Work will begin on gas turbine conceptual design and power plant analysis.




TASK 7 INTEGRATED PROGRAM PLAN

Task Description

Preparation of an integrated program plan.

Progress During Reporting Period
No progress on Task 7 during this reporting period.

Plans for Next Reporting Period

Work will begin on determining the most effective approach to commercialization of
both GFATS configurations.




TASK 8 DESIGN AND TEST OF CRITICAL COMPONENTS

Task Descriptions
The component Tasks of Task 8 are:

8.1  Steam Particulate Flow Deposition

8.2  Steam Particle Centrifugal sedimentation
8.3  TBC Mechanical Test and Analysis

84  Advanced Seal Technology

8.5  Enhanced Impingement Heat Transfer
8.6  Rotating Heat Transfer '
8.7

Turbine Inlet Nozzle Heat Transfer

Write-ups for Tasks 8.1 - 8.7 are given in the Project Plan, along with milestone schedules.

Progress During Reporting Period

Planning proceeded for all Tasks (8.1-8.7). Work on each task has been delayed
awaiting acceptance of the NEPA report.

Plans for Next Reporting Period
Work will be in progress on all seven (7) component tasks.
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ATS TASK 8

Name

1984

19

Qr4 | Qr1 J Qw2 | Qr3 | Qird

Qi | are

8.1 PARTICLE FLOW DEPOSITION

Run 50u Filter Exposure #1

Analyze 50u Fiiter Deposits

*
:l
—

Complete DA System Design

]

install Data Acquisition System

Flowcheck Equipment w/o Filtars

0

- = - -

Run 2u Filter Exposure #1

1

Analyze 2u#1 Filter Deposits

Run 2u Filter Exposure #2

Analyze & Clean 2u#2 Filters

_0ll

Analyze In/Out Samples

- . - - -

[—]

Test 50u Cleaning Procedures

U

Clean 2u#1 Filter

Compare Extraction & Sampling System Results

Filters, Piping, Valves Installed at PP at GE Cost

Meas'ts made at PP Sample Panel-GE Cost

Agreement between GE and PP Negotiated at GE

it

Measure Sphtr Particulates at PP Panel

Write Final Report

- -——-_H
L.

g

8.2 PARTICLE CENTRIFUGAL SEDIMENTATION

Define Derated Test Conditions

Do Conceptual Design & Cost Estimate

Scope PP Facility Modifications

Secure Permission from PP

DoE/PM Authorization to Proceed

Design Rotary Rig System

Predict AGT Bucket Sediment Locations

Design Payloads

Design Data Acquisition & Control

AT

Design Review

Build Rotary System

.

Build Payloads

Build Data Acquisition Control

install and Rotate Rig Cold at GE/GDTL

Operations Review

Modify PP Facility

Install and Check Hot at PP

Expose Specimens at PP

Predict AGT Rotor Sediment Locations

Predict Specimen Deposits

Analyze Specimen Deposits

Write Final Report

I

Date: 4/6/94

Crtical [ — 1
Noneritical 1]

Progress
Milestone €




ATS TASK 8

Name

1994

19

Qir4

Qr1 | Qr2 | Q3 | Qtr4

Qr1 | Qtr2

8.3 TBC FAILURE MECHANISMS P
Design Lamp,Cooling & Test Stand Units of TGE Facility
Select Advanced TBC & Fabricate Test Specimens
Demo Equipment & Techniques for Meas. of Stress & Modulus at Temp
Assembly of TGE Facility
Develop Stress Analysis Techniques
Measure Physical Properties of TBC's
Performance Evaluation of TGE Facility i
Compare & Eval Experimental & Analytical Stress States I
8.4 ADVANCED SEAL TECHNOLOGY
I{dent/Spec of Critical Sealing Reqts in Advanced Turbine Systems
Development & Evaluation of Advanced Seal Concepts
Laboratory Component Testing
8.5 ENHANCED IMPINGEMENT HEAT TRANSFER
Select Critical Components
Test Plan Preparation & Schedule
Review-DoE
Vendor Quotes
Final Test Plan
Test Preparation
Testing I
Report Preparation
Review-DoE
Final Test Report
8.6 ROTATIONAL HEAT TRANSFER
Smooth Duct Data
Install Turbulated Duct
Turbulated Duct Data
8.7 TURBINE INLET NOZZLE HEAT TRANSFER CASCADE
Design, Procurement, Fabrication
Instr. & Assembly
Checkout & Flow Characterization
Heat Transfer Tests :
R Data Reduction, Analysis, Documentation :
8.8 REVIEWS & REPORTS
Test Plan Preparation
COR Review
Final Test Plan
Topical Report Preparation
COR Review -
Report Revision - If Required
Final Report Approved

it

Date: 4/6/94

Crical [ 1]
Noneritical C—— ]

Progress
Milestone @
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