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Back Ground
+ Environmental Problems

*Global Warming
co,

*Poliution
NOx,SOx

+Social Problems

+Emergency
#*Earthquake

Answers by Gas Turbme

-

*lmprove Overall

Thermal Efficiency
« - Decentralize - -

Co-Generation, Re-Powering

*Low C Fuel : LNG

-

*DLE

Lean Combustion Technology l

#*Restriction on Nuclear Power-L*Gas Turbine Power Generation l

-

*High Start-up Reliability
*Needs No Cooling Water

+Current Power Generation System
| Elactric

Power Line

neration Plant Electric
Efficiancy
40%
" Line Loss 2%
Waste Heat 58%

+Gas Turbine Co-Generation System

Wasts Heat 0% 30% [ 4




Technological Trend of Gas Turbine

Technological Trongd of Gas Turbine

* lmprovements in Cycle
+ Simple Cycle
Higher TIT up to 1500C
* Regenerative Cycle
Recover Waste Heat by Heat Exchanger
« Re-Heat Cycle
Moderate TIT, High Efficiency by Sequential Combustor
* High Temperature Turbine

* Low Emission Combustion
« Steam / Water Injection
+ Dry Low Emission

% Aero Dynamics
Three Dimensional Navier-Stokes Analysis
Improves Aero Dynamic Design.
« Axial Compressor
+ Controlied Diffusion Aerofoil
4 3D Bowed Vane, End Bent Blade
» Radial Compressor

« Air Cooled Metal Turbine :FC/FC  High Backward Impetler
» Steam Cooled Metal Turbine: Saving Costly Cooling Alr # 3D Arbitrary impeller Blade
» Ceramic Turbine * Axial Turbine
4 Bowed Nozzle Vane
“ 4 Compound Leaned Vane H
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Re-Heat Gas Turbine

Full Coverage Film Cooled
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DLE Desion Concaept

#* Lean—Premixed Combustion
% Fuel Staging
% Supplemental Combustion;:

% Fully Retrofittable

% Steam or Water Injection Pays
The Penalty of Total Efficiency

#* NOx emissions less than 23ppm

+ Japanese national regulation : less than 84ppm
« Metropolitan area ordinance : less than 23ppm
% CO emissions less than 50ppm

#* Low emission from 75 to 100% power




Flame Temperature ve NOx {(NASH)
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M1A-13D Combustor
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BT A-130 Burner Assembly

M748 DLE Combustor




MTR DLE Fuel 8

? g%mbustor

3 -Cans

o

<

X

Q

2

o 20 L] 100
Load (%)
=
Power Output (@ 6,150 kW
Efficiency "® 31.5%
Turbine Inlet Temperature | 1175 C
Exhaust Gas Temperature| 555 T
Inlet Air Flow " 21.6 ka/s
Rated Speed 14,000 rpm
Pressure Ratio 12.7
{1) ISO Condition, Natural Gas Fuel, No Duct Loss
(2) Gas Turbine Shaft End
| 4 | 4

for M7 A-O1
# High Turbine Inlet Temperature (1175T )
+ New air cooled turbine blades & canes
+ Thermal barrier coating for turbine nozzle vanes and
combustor liner
» Double wall structure combustor tiner
% High Efficiency Compressor
+ Wide chord DCA airfoils
¢ M blade tip cl by abradable shroud
%* High Efficiency Turbine
« Suitable vortex flow pattern
+ Moderate aerodynamic loading
. bilade tip cl by abrasive tip: ing
and abradable shroud




Abradable Seal and Abrasive Tip
for Turbine Biadas

ic I Turbine | Abradable Seal and Ab Tip
Turbine Blades

NN N

N S\:\L‘:\'S'“:&\ §§>\\¢"£"gi ;\E\Mmu Seat

= Ny
Tip Clearance Yip Clearance "Abrasive Tip

Turbine Turbine
Blade Blade

Axial Compressor Test Rig with
PFower Saving Turbine

Measured Compressor Map

X/T,

Bauble Wall Structure of the
Combustor
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Caloulation Result of
Critical Speed
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Moasured Sh

%* Performance Test
% Rotor Dynamic Measurement
% Blade Resonance Evaluation

% Extra Severity Tests Over Speed, Overload,
Over Temperature

* Cyclic Endurance
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#* The i 117, the betis
« But difficuit to adopt cooling blades in =:
YT to get higher TIT

¥ cCAuses

Hatotes

» Reduction of combustion air resulting

e

* Utilize

|gh temperature resistant ceramics
TIT whthond Lu

Development Targe

‘cear
Target = Targotes .
. Sl % 4
Thermal Efficiency 42 % 2 ceeT ' g
° Target N 34 .
. © 30 7:\3 mﬁsg °
Turbine Inlet temperature 1350C = o #2053
] ﬁ e o © Regenerat ive
Output Power 300 kW class 20 L 4 Steam injection |
- Satisfy the national Losimts cyore |
Exhaust Emission :
regulation T T R Tr B T 1

Shaft Qutput Power (HP)
B | =
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improve to From

Core 99 _ Core 79
Height 6500m height 565m

Achieved=855 Y% Target=82% Achieved=82%

=
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COTI0Z Test Qelt

Sohioved Efficiency YTrend
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%* Confirmed the excellent efficiency
42.1%(1396 ), 41.5%(1359 )
% Confirmed 30 hours operation and
low NOx emission 31.7ppm at 1350 C.
% Confirmed over 2,100 Hrs accumulating
operation time at 1200C to ensure reliability
of ceramic components.
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