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Net CC Efficiency
% K
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Firing Temperature (F}

1986 1990 1994 1998 002 2006

K1 - A)ORELADOEER

F#2 GEBI300CHEARY -V olft—BHE

MS7001F MS7001FA MS7001FA+ | MS7001FA+e

Turbine Output, MW 150 159 167.8 171.7
Heat Rate (LHV), BTU/kWh 9880 9500 9380 9360
Firing Temperature, F 2300 2350 2400 2420
Pressure Ratio 13.5:1 15.1:1 14.911 15.5:1
Compressor Stages 18 18 18 18
Turbine Stages 3 3 3 3

Combustion System Can-Annular | Can-Annular | Can-Annular | Can-Annular
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c 94.9/300 U8.9/325

Bi4 1500C #% GT a /34 Y FH AL 7LD
T3 AT T RO—f

#3 1500C HGT 2>/34 ' F¥ 4 2V STAG107H (60Hz), STAG109H (50 Hz) »fLFEMRE
ADVANCED TECHNOLOGY COMBINED CYCLE-THERMAL AND ENVIRONMIENTAL PERFORMANCE

Combined | Net Power, Net Heat Rate (LHV) g;gigﬁ:ly N Oxpls;‘\‘fj“’ns Illgeé?(jlinl)glsva};ﬁe

Cycle Unit MW BTU/kWh — kI/kWh (LHV), % | at15% 0, | BTU/kWh  kJ/kWh
STAG 107 H 400 5, 687 6, 000 60 <9 1,790 1, 888
STAG 109 H 480 5, 687 6, 000 60 <25 1,790 1,888
Notes:

1. Ambient Air Conditions=15C (59°F), 1.0133 barA (14.7 psia), 60% RH

2. Stream Turbine Exhaust Pressure=0.04064 barA (1.2 In HgA)

3. Performance is net Plant with allowances for equipment and plant auxiliaries with a once-through cooling water system
4. Three Pressure, Reheat, Heat Recovery Feedwater Heating Steam Cycle
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*—7)— K : Market, CCPP Concept, Repowering, Fuel Flexibility, Operation & Maintenance
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Active Fan and Jet Noise Control, Subsonic/Supersonic Jet Flow and Noise,
Non-Circular Nozzle, Jet Mixer, Jet Noise Reduction Technique,

Numerical Jet Flow Simulation
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Blowoff and Emission of Rich-lean Co-axial Burner
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Rich-lean, Co-axial burner, Blowoff, Methane-air, Low NOx, Preheat

Abstract

Blowoff and emission of methane-air rich-lean co-axial burner was tested at pressure of 0.1 MPa, tem-

perature ranged from room temperature to 673 K, and equivalence ratio of outer gas and inner gas
kept smaller than 1. Concept of rich-lean co-axial burner is that the lower-NOx inner-flame dilutes and
freezes the higher-NOx outer-flame while the lower-velocity outer-flame prevents the faster-velocity
inner-flame from blowoff. It has a continuous flame surface from outer to inner, and an extinction zone
between flame lip and outer rim. Results show that NOx emission measured ranged about 2 ppm, de-
pends on dae. Ratio of critical blowoff velocity, Uan/ U, becomes constant if gas composition is fixed. It
suggests that low NOx and stable flame region spread over wide range when ¢a is kept at low value.
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LIHT, b LAVEY 2RBSARTEIE T 2 ThIUL, TYPE-IL burner
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B £oT, BKFEE/NN—F 2IEWIEEHM CTRE s Uin/Uout
B IIE, SVEMAK RIS Tow, BRI Une S [ =3 - %
TREBEHELEL, WEHAADE BRI 5,L d.s
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Fig.11 NOx, CO and HC distributions
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5 ' £
9 3
- 157
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Fig.12 NOx, CO distribution of X direction
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Table 2 Blowoff and emission of rich-lean co-axial burner

Condition No. 1 2 3 4 5 6 7 8 9

Uinm/s 0.83 2,07 3.98 054
Uout m/s 0.126 0.147 o0
din 0.6 0.65 067 0.7 075 08
& out 1 0

dag 0.65 0.7 0.67 067 0.69 068 0.71 0.76 0.8
TBavg K 1760 1834 1791 1796 1828 1811 1859 1937 1999

Flame lengthmm 45 27 65 63 55 100 89 80 13
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WMCTE, T2, LIS T Ts & Muw B—%E %
SR My TRHZ 5,
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FOD Simulation on Ceramic Gas Turbine Blade

Abstract

$ §E£E*2

LI Yin-Sheng

wH R

YOSHIDA Hiro

Foreign object damages (FODs) is the important subject in ceramic gas turbines (CGTs). In the test
runs of CGT, it was often reported that some remarkable damages appeared in the trailing part of the
rotor blade, where foreign particles hardly impacted. In order to understand this type of damage be-
havior, a finite-element analysis on the particle impact was carried out under the elastic assumption.
The numerical analysis on 2D wedge model showed that interaction of the stress waves by the impact
in the leading part could actually produce in the trailing part tensile stresses far beyond the material
strength. In the analysis of 3D blade model, the maximum stress locations on the blade showed good
correspondence to those of damaged areas observed in the particle impact experiment. As a result we
could indicate that the foreign particle impact in the leading area of the blade was possible to cause
damages in the trailing area (structural damage) as well as the impact site (local damage).

1. (IUBIC
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Flow Instabilities Associated with a Shock in Two-Dimensional Supersonic Cascade:
Part 1 — Numerical Investigation for Viscous Flow
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Supersonic Cascade, Shock Wave, Flow Instability, Viscous Flow, Actuator Disk

Analysis

Abstract

Numerical studies were carried out to investigate instabilities of viscous and supersonic flow in a two-

dimensional cascade. Unsteady phenomena with circumferentially traveling fluctuation were found
near the peak back pressure points. They are grouped into four types: (1) conventional rotating stall,
(2) backward traveling fluctuation related with fluctuating leading edge shock, (3) intermittently ap-
pearing, forward and backward traveling fluctuation, and (4) forward traveling fluctuation with oscillat-

ing passage shock. Rotating stall was observed only for subsonic inlet. The second and third types are

related with an interaction between expansion waves emanated from the blade suction surfaces and

leading edge/detached shocks. The forth type is caused by an interaction between the downstream
higher pressure region and the passage shock. It was found the rotating stall and forward traveling

fluctuation correspond to those predicted by an actuator disk analysis®.
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K2 WMERICBY 2EEEIR O

number of
opera_mng Vil ape propjagatlofl c1rCUfnferenua Remark
point PolPoj1avs velocity ratio 1 periods over
10 blades
Backward traveling fluctuation related with fluctuating leading
A 1.5, 1.789 0.81 1 edge shock appears before local backflow at inlet boundary.
Amplitude of shock motion is 5% chord.
B 5. 178 forward : 1.27 1 Intermittently appearing, forward and backward traveling
o backward : 0.85 fluctuation. Amplitude of shock motion is 10% chord.
C 15, 1.75 - N Trailing vortex shedding with shock-boundary layer interaction. St
D 15,1.6 - - =10.33 at point C, 0.32 at point D*,
E 1.3, 1.592 - - Local backflow at inlet boundary.
F 1.3,1.56 119 5 Forwz}rd traveling ﬂuc‘luat‘ion with oscillating passage shock.
Amplitude of shock motion is 10% chord.
G 13,15 - - Trailing vortex shedding. St = 0.34*
H 1.2, 1.508 - - Local backflow at inlet boundary.
I 12145 121 1 Forward traveling fluctuation with oscillating passage shock.
o ) Amplitude of shock motion is 7% chord.
J 1.1, 1.403 - - Local backflow at inlet boundary.
Backward traveling fluctuation related with fluctuating leading
K 1.1, 1.402 0.8 6 . Lo
6 edge shock. Amplitude of shock motion is 3% chord.
L 0.9, 1.27 - Local backflow at inlet boundary.
M 0.8, 1.159 Local backflow at inlet boundary.
N~S 0.6, 1.072 0.85 ~ 0.87 6 R.otating stall. Local b:ackflow at inlet boundary occurs at the
~ 1.06 highest back pressure point N.

*St is Strouhal number normalized by boundary layer thickness at trailing edge and mean flow velocity in cascade discharge area.

iteration = 7500
(At/(s/vi) = 0.0094) 4

lower Mach
number region

higher Mach
number region

one axial chord upstream
from L.E.

motion of higher
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Study on the Highly Efficient Closed-Cycle Gas Turbine System for CO. Collection
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KODA Eiichi TAKAHASHI Toru
Abstract

I Bt

YAMASHITA Katsuya

J:{/L’\\ ;z@*Z

UEMATSU Kazuo

In WE-NET project Phase I Program, the power generation system with more than 60% (HHV) ther-
mal efficiency had been designed. However, because this system must be fueled by pure hydrogen,
commercialization of this system in early stage is thought to be difficult. Therefore, the new project, in
which the natural gas fueled system is targeted, has been started since FY 1999. In this project, the

power generation efficiency is aimed to be 60% (HHV) or higher, with turbine inlet maximum tempera-

ture of 1973 K. In this report, effects of some parameters are evaluated and the main components are

conceptually designed.
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