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in the 1990s.

- 2. STATUS OF IGCC IN USA AND EUROPE

'G;e'néral Electrié Cdmpany USA  Douglas M. TODD

Abstract

Spurred by gas turbine advances, IGCC tech-
nology is expected to play a key role in meeting
world demand for clean and efficient power.

Gas turbine technology, now proven in opera-

tion above 200 megawatts, has boosted com-
bined cycle efficiencies as high as 54%.- This
performance, combined with dérrioriéti*at"ed high
baseload reliability in large combined cycle
installations, is directing the increased use of
clean coal technologies toward IGCC.

The successful demonstrations of several
IGCC plants in the utility size range are paving
the way for commercial IGCC plants to be sited
Already, IGCC plants totaling
7,000 megawatts are being planned in-Europe
and the U..S., while feasibility studies are pro-
ceeding -for 8,000 more megawatts worldwide.
The shift toward greater use of IGCC is being
driven by major advances in gas turbine tech-
For
example, 'sophisticated materials and cooling
methods - developed’ initially for GE dircraft

nology achieved over the past decade.

engines have been adapted to GE’s proven
heavy-duty gas turbine designs. As a result, GE

has been able to raise the firing temperature of
the new F technology gas turbines by .200°C- -to

1,288°C (2,350°F) - -yielding a 109 fuel savings
plus higher output levels.. This improved per-

formance mitigates the penalty of creating a
clean gasified fuel.- Operating reliability also
has beén improved.

* These advanced gas turbines frequently are
used as baseload machines, often in combined

PRk 54 4 B 18 HIFERZRA)

James C. CORMAN

cycle configuration with a steam- turbine.
Offering a powerful combination of péwer den-
sity, fuel flexibility, efficiency and reliability,
these combined cycle power plants are
positioned to play a leading role in meeting the
deménd for new power generation, particularly
for IGCC'applications.

Adding a gasification system to an advanced
combined cyycle usually involves integrating the
technolog'ies'into a single power plant although

fuel gas can be provided over the fence (Fig 1).

- IGCC requires close coordination among the

gasifier supplier, cleanup system. oxidant sys-
tem and the combined cycle supplier. - Coal is
partially oxidized and cooled to a temperature
required for cleanup. After sulfur, particulates,
Halogens and hazardous air pollutants are
removed, the resulting low heating value (LHV)
gas is-an excellent fuel for the combined cycle.
This process produces a 159 savingsin coal use
compared:to conventional steam plants using
FGD, and can reduce most air emissions by a
factor of 10. ‘

"A new GE hot gas cleanup system is being
developed that performs gas cleanup without
prior cooling of the gas, removing more than
999: of the sulfur and boosting cycle efficiency.

GASIFICATION - SULFUR

COAL
“P™IGASIFIER| HX  [»{CLEANUP
SLAG
\ # CLEAN FUEL
OXIDANT | | COMBINED
SYSTEM [ CYCLE -
~ELECTRICITY

GT208748

Figure 1 Integrated Gasification Combined Cycle

9
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Gasifier Raw (_Bas - Clean Sep:rlzrition NO, Emission Steam
. Cooling Up ' . Control Cycle
Unit
- Texaco - No Gas Cooling - Hot Gas - None - Steam Injection - Separate
- Dow (Hot GCU) Clean Up - Standard LP - Fuel Saturation Process
- Shell - Partial - Cold Gas -HP ASU - Nitrogen Dilution & Power
-BGL Gas/No/H,0 Clean Up - Partial -Shift CO = CO, - One Steam
-CE Quench - Wet or Dry Integrated Cycle
- Tampella - Complete - Fully - Fuel Gas
- Prenflo (Cold GCU) integrated Heating
- KRW - N2 Return -N;
- MHI Saturation
- Ahlstrom
- GSP
Fuel Miscellaneous

- Bituminous Coal - Fuel Gas Expander

- Sub Bituminous Coal - Slurry Preheat

- Lignite - Coal Drying Moisture

- Petroleum Coke

- Heavy Oil

- Orimulsion

- Biomass

: GT22853B

Figure 2. Gasification Options

The gasification and cleanup stages produce
two primary byproducts - - saleable elemental
sulfur and coal ash. This ash, containing most
of the difficult constituents of coal, is in the
form of a glassy slag.

Today’s combined cycle technology delivers
superior cycle efficiency which more than off-
sets the inherent fuel processing losses associat-
ed with coal gasification. New gas turbine
combined cycles can operate on clean fuel at
54% (LHV) net thermal efficiency while gasifi-
cation processes operate from 75 to 909§ effi-
ciency. Using 859% as a currently feasible level,
a 46% net plant efficiency (LHV) can be expect-
ed for coal-fired combined cycles. As gas tur-
bine developments continue, the trend for IGCC

will follow directly.’

System Requirements for Gas Turbine
Design
IGCC studies show that a variety of options
will dictate gas turbine combined cycle designs
needed for economic penetration of this tech-

nology (Fig 2). Each of the gasification sup-
pliers combines these options to make unique
systems that are competitive for special fuels.
Combined cycle suppliers must integrate with
the optimum systems to create an operable and
economic power plant.

Two specific systems are currently proposed
that cover the majority of applications. The
oxygen-blown gasifiers utilize an integrated air
separation unit, or IASU (Fig 3) and air-blown
systems use the so-called simplified IGCC sys-
tem which -incorporates a high-temperature
(500°C) gas cleanup system (Fig 4). There will
be applications for both systems; in duty 1300°C
addition, hybrid systems have been developed
for specific applications.

Advanced Gas Turbine Technology

GE (U.S.A)) introduced advanced gas turbine
“F” technology to the power industry in 1986
with factory testing of the first heavy class gas
Today’s models include the world’s
These

turbine.
largest gas turbine at 226 megawatts.

— 10—
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gas turbines now operate in simple cycle at 35%
efficiency and can be shipped fully assembled.

Advanced aircraft engine cooling techniques
have been used to keep the “F” metal tempera-
tures as cool as the 1100°C class machines,
allowing similar parts lives and RAM perfor-
mance levels for the advanced machines. On-
line testing at full load has confirmed the design
parameters with some metal temperatures
lower than previous machines.

The first “F*
mercial service at Virginia Electric Power Co.

level machine entered com-

in June of 1990. The gas turbine was used to

Coal —~——]

'O, Coal

Gasification Gas

Ne .
High
Press. -
Air [NV Gen
Separation VW GT
HX
Supplemental Air
Air ’ Extraction GT20042C

_ Figure 3 IGCC Integrated Air Seperation

- B

repower an existing coal plant utilizing a new
heat recovery steam generator. The second
“F” gas turbine now operating at the site com-
pletes the conversion, increasing plant capacity
by a factor of three in the same space while
reducing overall emissions and the number of
operators.

Some large advanced combined cycle plants
already are in operation in Asia. Korea Elec-
tric Power Company ordered eight multishaft
combined cycles in 1990 for their Seoinchon
(formerly Ildo) site (Fig 5). All eight gas tur-
bines were in simple cycle service for the sum-

COAL
FEED
STOCK
coAL [
GASIFIER 10
STACK
STEAM T STEAM

' ‘ HEAT
2 YoasH RECOVERY
' STEAM
s R AR GENERATORS|

PARTICLES : REMOVAL !

GT19174D

Figure 4 Simplified IGCC

Figure 5 Korea Electric Power Company-Seoinchon Site
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mer peak of 1992. Since then, the combined power output  of 'approximately 209, provided

cycles have been brought on line one at a time, the turbine and compressor have the excess
as each has its own steam turbine. By Decem- capability:; , , '
ber of 1990, three units had started commercial The plot of output versus amblent tempera

operation. . Performance testing to date shows ture for the GE advanced gas turbine (Fig 6)
combined cycle efficiency above the guaranteed shows an added feature: the IGCC can be
549, making this the most efficient. power flat-rated to match- the ambient limited fuel
plant operation in the world. The plant also is flow of the gasifier. This feature means that a
able to meet -severe emissions standards by single-train plant like .the 120-megawatt, 60-
incorporating Dry Low NOy combustion sys- hertz Cool Water demonstration plant in
tems. : - : California would -be -380-megawatt net output

Eighty-seven GE advanced gas turbines have today for:'a 50-hertz single-train plant. Plant
been committed to date for projects around the cost is affected favorably by the use of the
world. Some are planned for phased construc- 275-megawatt gas turbine rating which can be
tion, eight are for repowering older stations accomplished with the standard 9F machine
using reheat steam turbines and 30 are for utilizing integrated systems matched by several

single-shaft combined cycles. Two U.S. pro- gasifier technology suppliers.
jects utilize the Progen concept where gas tur- This combination of the advanced gas turbine
bines operate simple cycle initially, are convert- with gasification systems has allowed the cost

ed to combined cycle on natural gas during the of the very clean, coal-fired IGCC technology to
interim period, and are converted to coal fuel become competitive. ;

by adding gasification for the final plant config- .. Advanced gas turbines are the focus of a
uration at a later date. It is.interesting to note five-year IGCC technology development pro-
that five units are committed for coal-fired gram at GE. In addition to a 209% improvement
combined cycles from the start, marking the in ratings for coal gas, the combustion systems
beginning of the coal:fired combined cycle have been tested at full pressure and tempera-

market. . ‘ ' ture, under the direct sponsorship of EPRI,
’ Shell Oil Company, Texaco and the U.S.
Advancing IGCC Technology ‘ Department of Energy. Results using standard

Technological improvements are now being Model F combustors modified only for the lar-
demonstrated both in the lab and at pilot plant ger fuel flow show that NOx levels ranging
scale that show even greater possibilities for down to 10 ppm at 15% O, can be expected
the 1990s. GE is concentrating on gas turbine
component and system improvements to match -

each of the gasification systems. Continuous o b

improvement of gas turbine efficiencies, along i o
. . . . OUTPUT 170 |- "OUTPUT

with extensive coal gas combustion testing at oz .

full pressure and temperature, are being done at
the GE Gas Turbine Development Laboratory L e
in Schenectady, New York SR L 7 o
Output Enhancement: (U T N A
Diluted coal gas at 10 to 20‘7 of the heatmg o 3 CER ‘
value of natural gas can produce an increase in - . Figure 6 Model F. Performance on Coal Gas

. AMBIENT TEMPERATURE .
2 . K : GT20887K
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Flgure 7.- Advanced Gas Turbine Coal Gas Testing

using: steam, CO, or nitrogen as a diluent,
without the use of costly SCR equipment (Fig
7). Two-stage combustion testing has shown
stability at even lower NOy levels.  The latest
'tes‘ting‘ shows the possibility of -utilizing
advanced DLN combustors for coal gas applica-
tions. The ability to test at full pressure and
temperature has hecome very important in
establishing the optimum systems. and .in- pro-
viding test data for.permit applications.

Market Activity for IGCC

Market activity is growing as power genera-
tors begin to study their more limited options.
Projects-totaling more than 16,000 megawatts
are under active consideration around the
world. . Europe has three major projects under-
way: . . . S o

A 250 megawatt Netherlands project called
Demkolec will be completed in 1993 and will be
the largest IGCC in operation. It utilizes a Shell
International oxygen-blown ' gasifier and . an
1100°C class gas turbine and should operate at
about 4395 efficiency.

This -will be followed by the 308 megawatt
German project KoBra utilizing an air-blown
HTW gasifier .and a 1250°C class gas ‘turbine
using Dry Low NO, combustors. Operation is
scheduled for late 1996. Net plant efficiency is
projected at 459 using lignite fuel.

The third major,.coal project is partially fund-
ed by the European Community Thermie Pro-
gram. A consortium of . participating utilities

L - Wt

and suppliers called Elcogas will build a 315-
megawatt power plant at Puertollano in Spain.
The plant will utilize a-1250°C class gas turbine
to.burn natural gas, ceal and petroleum coke
and will use a Prenflo oxygen-blown gasifica-
tion:system. Operation is scheduled for .1997.
Overall plant efficiency is expected to be 459%.
Some of the early European activity is based
on a variety of low-cost fuels.- As environmen-
tal restrictions increase, the markets for the
heavy fuels have fallen off, lowering prices to
the level of coal or lower. Many can be gasified
successfully to eliminate the constituents that
cause air pollution, thereby providing a clean
fuel for power generation. :
Overview of Planned IGCC :Projects in Europe

Italy 2,000-MW oil gasification
300-MW coal gasification . .
600-MW BFG

Germany  1,000-MW coal gasification

United Kingdom, .
. 75-MW coal/sludge ga51f1cat10n
350-MW coal gasification
300-MW oil gasification

Netherlands 1,000-MW coal

150-MW oil

600-MW oil gasification

Scandinavia
100-MW Biomass
Spain - - 300-MW coal gasification

100-MW oil gasification
Eastern Europe
600 MW

North Amerlcan Pro;ects

The IGCC market also is active in North
America, where five IGCC projects are under-
way, -split- between utility and private power.
The timing and size of these projects indicate
the early commercialization of the technology.
Four different gasification systems are em-
ployed, due to differences in fuel and specific
customer choices.

Here is a brief look at several North Amer-

— 13—
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ican projects incorporating various IGCC sys-
tems, all using GE gas turbines:

Tampa Electric Company Polk Power Sta-
tion, Florida: The power package for this 260-
megawatt IGCC plant will include: a 192-
megawatt 1300°C class gas turbine-generator, a
130-megawatt GE steam turbine-generator, a
boiler and turbine control systems,; and will be
used with a fully integrated, oxygen-blown
gasification system provided by Texaco. The
plant also will GE’s proprietary hot gas cleanup
system. ’

The gas turbine is slated to begin simple
cycle operation on distillate oil in 1995, with
complete IGCC fueled by coal to begin in 1996.
This project was awarded under the U.S. DOE
Clean Coal Technology Program Round III.

PSI Energy, Inc.-Wabash River Generating
Station, West Terre Haute Indiana: This 265-
megawatt IGCC repowering project will use a
1300°C class gas turbine-generator which will
burn coal gas and will generate 192 megawatts
of electric power. Distillate oil will be the gas
turbine’s backup fuel.

The gas turbine will be used in conjunction
with an existing steam turbine and a Destec
oxygen-blown gasification process.  This IGCC
project is part of the U.S. Department of
Energy’s Clean Coal Technology Program
Round V. Commercial operation of the facility
is slated for mid-1995.

City of Springfield, lllinois, Lakeside Power
Station: This IGCC repowering project will use
a 40-megawatt 1100°C class gas turbine.. The
IGCC system will replace existing pulverized
coal-fired boilers and a steam turbine as part of
an award under the DOE’s Clean Coal Technol-
ogy Program. ‘

This project represents the first application
of a simplified IGCC system, which uses an
air-blown gasifier’ in conjunction with GE’s
proprietary hot gas cleanup system. The gas
turbine-generator will be fueled by a gas der-

e -

ived from coal with natural gas as a backup
fuel. Commercial operation of the IGCC facil-
ity is slated for 1995. .

Delaware Clean Energy Project, Delaware
City, Delaware: The Delaware Clean Energy
Project (DCEP) selected a 192-megawatt 1300°C
class gas turbine for this IGCC repowering
project. The gas turbine will be fueled by
petroleum coke, a by-product from the Star
Enterprise Refinery at Delaware City. The
petroleum coke will be gasified using a Texaco
oxygen-blown gasification process to produce
medium Btu syngas fuel.

This will be the first IGCC project which is
planned to be fully commercial with no govern-
ment or industry subsidy. In competitive bid-
ding, the DCEP IGCC technology-based project
was selected by Delmarva Power & Light
Company from among 27 energy-producing
systems such as waste-to-energy, conventional
coal plants, natural gas-fired combined cycle
plants and system sales from neighboring util-
ities. The project will provide 165 megawatts
starting in 1996.

Sierra Pacific Pinon Pine Project: The
Pinon Pine Project utilizes an air-blown fluid-
ized bed gasifier from KRW to produce more
than 100 MW of electricity. The gas turbine
will be fueled by coal gas with multiple backup
fuels. The project also incorporates a HGCU:
There are many other planned projects and
studies under evaluation (Fig 8).

Conclusion

"Many advanced, clean, solid fuel processes
for power ‘generation are now focused-on the
use of the gas turbine combined cycle for the
lowest cost of electricity while meeting strin-
gent environmental standards. The IGCC proc-
ess has proven to be the cleanest, with sulfur
removal levels of 989% and greater, low emis-
sion levels of CO,, NO, hazardous air pollut-
ants, and non-hazardous solid waste.
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North America Europe Asia Pacific
Projects MW Projects MW Projects MW
Under
Construction 11 2,643 13 4,580 1 20
or Planned
In Evaluation 13 4,460 6 1,900 3 2,000

16 Gigawatts

GT23503
Figure 8 IGCC Worldwide Activity

With the commercial availability of
advanced gas turbines, the IGCC technology
also can show economic gain against conven-
tional coal steam plants. The IGCC option is
now moving from the demonstration phase to
the commercial phase and, with planned future
improvements, will penetrate the solid fuel
power generation market at an even faster

pace.
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Abstract

Ceramic components for application to an
automotive gas turbine engine have been devel-
oped in TOYOTA MOTOR CORPORATION,
and a newly designed gasifier radial inflow
turbine wheel were evaluated by hot gas test
rigs. The turbine wheel was designed in opti-
mum geometry by means of the reliability
analysis of ceramics and the original criteria of
fracture stress, which was obtained from the
analysis of fracture moment photographs of the
other ceramic turbine wheels, and satisfied the
required rated speed with inlet temperature up
to 1400°C in a component test rig. The station-
ary components consisted of nozzle ring, scroll
duct, piston rings for gas sealing, and others are
also proceeded 1400°C gas testing.
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2. AT XY —E >

F1 1992FARAEECB RIS kW)
X 43 Size {/NEY Small Unit | F9EY  Medium Unit | K8 Large Unit 2 H 7

0~999PS | 1,000~29,999PS | 30,000PS~ "Total
J=¢ % a—F (B8 H (BB o (B8 H h (B B B
Application Code Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(k W)
M= AT KRS
Generator Driver for Base Load BL 1 699 39 | 122,386 30 13,879,940 70 4,003,025
v¥—27ou— NEEH '
Generator Driver for Peak Load PL 0 0 0 0 6 603,980 6 603,980
%O R EM
Generator Driver for Emergency EM 212 87,615 106 | 193,984 0 0| 318 281,599
s i b
Military Marine MM 0 0 3 11,915 0 0 3 11,915
FOMmTe v R H
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
#H B H
Education ED 0 0 0 0 0 0 0 0
x BB Xp | 1 276 | 0 0| 2| 141,470, 3| 141,746
xperiment
z D ) MC | 6| 1,95 | o0 0ol 0 0| 6] 1,956
iscellaneous

PN
=]

E{_{E

220 | 90,546 | 148 | 328,285 | 38 |4,625,390| 406 |5,044,221

Total

MC 1.5 MM 0.7

B4 1992FAmpateie (%) BA5  19924ERIRpIHIEE (%)
— 69 —
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K2 19R2FMRENEEEB L SES (kW)

X 43 Size |/NE) Small Unit | 98 Medium Unit | AZY  Large Unit & W 7
0~999PS  |1,000~29,999PS | 30,000PS~ Total
moOoE E O I-F &% B 71 |&% HB 7 |&8%| B 1 |&88 B 7S
Kind of Fuel Code Units | Qutput(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(kW)
WALKARA A ’
Lioetiod Nataral Gas LNG 0 0 2 2,290 | 5 | 712,000] 7| 714,490
WAL A A :
Liquefied Petroleum Gas LPG 0 0 4 7,326 0 0 4 7,326
o ZS%M GNG 1 699 | 12| 29,174 | 20 |2,776,500| 33 |2,806,373
2 atural Gas
ﬁ fﬁé?&;” 7AA L cog | o 0| 2| 22000 | 1| 38340 3| 60,340
Gaseous =
Fuel ﬁ{sﬁmx GTW 0 0 9| 24,816 | 6 | 603,980 15| 628,796
own Gas
g‘ﬁ 1 699 | 29| 85,606 | 32 [4,131,020| 62 [4,217,325
ub Total
AT T | 40| 15,383 | 26| 43,708 | 2 | 217.700| 68| 276,791
Kerosene
% (B W K 24 | 7,680 9| 23,335 | 1 26,770| 34 57,785
ﬂi Gas 0il
ﬁ iﬁylg?ml H1 |155| 66,784 | 84 | 175,636 | 0 0] 239 | 242,420
Liquid N _ N
Fuel ’B:H;:j Cge;ijy‘ﬁfm HBC | o0 0 0 0] 3| 249,900 3| 249,900
/Nt '
S 219 | 89,847 | 119 | 242,679 | 6 | 494,370| 344 | 826,896
ub Total
Solid Fuel 0 0 0 0 0 0 0 0
pas =
T‘:'Ota] &t 220 90,546 148 | 328,285 | 38 [4,625,390| 406 |5,044,221
LNG 1.7 HBC 5.0 HEA M
Liquid Fuel
16.4
7 2 B
Ga :
Foapous GTW 3.7

15.3

B 6

AR IR )
Liquid
Fuel

84.7

L2 E HES (%)

Download service for the GTSJ member of ID, via 153.121.55.14, 2025/““06/32.0 _

Gaseous Fuel

LNG 14.2

83.6

7 19924 E R TEE (%)



GTSJ 21—81 1993 &
F3  1092FEHIEFIMA SR L UHS (kW)
K 43 Size | /MY Small Unit | 9&Y  Medium Unit | AF!  Large Unit 2 H 75
0~999PS | 1,000~29,999PS | 30,000PS~ Total
HWooom®| B = A s B O s R N = O B o S B == R 5
Location Units | Qutput(kW) | Units | Output(kW) | Units | Output(kW) | Units | Qutput(kW)
it ¥ 58 8 | 3,015 4l 6,707 0 0| 12 9,722
Hokkaido
® A 21| 7612 | 4| 6950 o0 ol 25| 14,562
ohoku v
HoR 76 | 33,790 | 64 | 148,319 | 10 | 907,199| 150 |1,089,308
antoh
L 36| 11,627 | 20| 42,075 | o0 ol 56| 53,702
Chuubu
blig
N 43 18,128 | 28| 41,579 | 0 0| 71| 59,707
g | 9| 3,280 1] 14,100 | 2 | 299,991 12| 317,371
Chuugoku
|
27 N Smiora 51 2,184 5| 8,52 | 0 ol 10| 10,716
U PN
N AT 15| 6,314 | 5| 12,50 | 2 | 288.800] 22| 307,704
Kyuushuu
oA 2| 140 | 0 ol 1] 103,000 3| 104,140
Okinawa
BERER 0 0 3] 11,915 | 0 ol 3| 11,915
Marine Propulsion
L 0 0 3l 7.500 | 0 o 3 7.500
Marine Auxiliaries
A 215 | 87,090 | 137 | 300,267 | 15 {1,598,990| 367 |1,986,347
Sub Total
it K
s 0 0 1| 1,530 ] o ol 1 1,530
ROk
South and Central America 0 0 0 0 0 0 0 0
i Zsia‘y 7 2| 1,397 3| 16,924 | 13 |1,686,480| 18 |1,704,801
S ES & N 0 0 0 0] o 0| o0 0
QOceania
i K I
3| 2,059 71 9564 | 8 |1,173,320 18 |1,184,943
7 Europe
For H v LA
Export | Former Soviet Union 0 0 0 0 0 0 0 0
r )
Middle East 0 0 0 0 0 0 0 0
7797 0 0ol o 0ol o ol o 0
Africa
R 0 ol o 0| 2| 166,600, 2| 166,600
Unknown
’SJ\ &t 5| 3,456 | 11| 28,018 | 23 |3,026,400| 39 |3,057,874
ub Total
a o L 220 | 90,546 | 148 | 328,285 | 38 |4.625.390| 406 |5,044,221
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F 4 1992FEWEXEBERR A EE GBS U H (KW)
X 43 Size |/NBY  Small Unit | 95  Medium Unit | AHJ  Large Unit & B h
0~999PS 1,000~29,999PS |  30,000PS~ Total
# OEK B O M a—F|B8| & H |B8| ® fH | BE| H o |8 H OB
Driven Machinery Code Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(k W)
*® B % G 213 | 88,313 | 145 | 316,371 | 37 |4,598,620] 395 |5,003,304
Electric Generator
ZTLHER, LR AC | 0 ol o ol 1| 26,770 1| 26,770
Air Compressor
A oK v T w 6| 1,956 | 3| 1,915| o0 ol 9| 13,872
Water Pump
i H )
o Pow Sp 1 276 0 0l o 0] 1 276
g ol at 220 | 90,545 | 148 | 328,286 | 38 |4,625,390| 406 |5,044,221
W(2.22) W(0.28)
AC(0.25) | DM(0.25) AC(0.53) | DM(0.01)
G(97.29) G(99.19)
X8 1992w Es s & 8EH S (%) B9 19924FwtBXEIR AT 1S (%)
#F5  1992EH N XSG EEE R UH T (kW)
o K 4 (PS) =E¢ oo
Unit Output Units | Output (kW)
0~ 199 2 254
A 200~ 499 94 22,491
Small Unit 500~ 999 124 67,800
0~999PS
/N EF Sub Total 220 90,545
1,000~ 5,999 141 260,936
LA ) 6,000~13,999 4 23,680
Medium Unit 14,000~21,999 3 43,670
1,000~ 22.000~29,999 0 0
29,999PS '
/N Sub Total 148 328,286
* oW 30,000~59,999 4 141,790
Large Unit 60,000~ 34 | 4,483,600
30,000P5~ /v E Sub Total 38 | 4,625,390
=1 H Total 406 | 5,044,221
72 __
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#£6 19UERBAHNASY —ErBARMEESHELUTHD kW)
i ‘ K 4> Size| /NEY Small Unit | HBZAU  Medium Unit | KZU  Large Unit £HF) Tow
FETEF]  Generator Drive 0~999PS | 1,000~29,999PS |  30,000PS~

s & a-N | BE M N (B8 B K (B H B | &% Hoh

Application Code Units | Output (kW) Unpits | Output (kW) Units | Output (kW) Units | Output (kW)
~—Au— FEEM | BL 0 0 0 0| 5 | 691,80( 5| 691,800
% v—su— F5%EA | PL 0 0 0 0| 5 | 454,480] 5 | 454,800
% w R ¥ ER| EM 0 0 0 0 0 0] 0 0
D s st | O 0| o0 0| 10 |1,146,280| 10 [1,146,280
~N—2u— FHEM | BL 0 0 | 30| 96,723 | 2 | 161,740| 32 | 258,463
]g E—su— REEM | PL 0 0 0 0| 1| 149,500{ 1| 149,500
%ﬂ? JE % R ¥ ® | EM | 208 | 84,857 | 104 | 191,632 | 0 0| 312 | 276,489
PomestelPrivete e St o | 208 | 84,857 | 134 | 288,355 | 3 | 311,240| 345 | 684,452
EIPY&EF  Domestic Use Total 208 | 84,857 | 134 | 288,355 | 13 |1,457,520| 355 |1,830,732
| N—Au— R BL 0 0 0 0| 23 |3,026,400| 23 |3,026,400
$ E—su— F%EM | PL 0 0 0 0] o o o 0
% Fw B ¥ ER| EM 0 0 0 0 0 0] 0 0
For Bpert/pute B st swtom | O 0 0 0 | 23 [3,026,400| 23 |3,026,400
g | N—Auv— FFKBA] | BL 1 699 9 | 25,664 | 0 of 10| 26,363
%j P su— FRE PL 0 0 0 0, 0 0] o 0
)%;5 J M % E | EM 4] 2,758 2| 2,354 | 0 0] 6 5,112
For B fpriaate U2 St swrom | 5| 3,457 | 11| 28,018 | 0 0] 16 | 31,475
Fi&ET For Export Total 5 3,457 11 | 28,018 | 23 3,026,400/ 39 |3,057,875
g | STAU-FREM | BL o 0 0 0| 28 [3,718,200f 28 [3,718,200
¥ | v—7u—FXER | PL 0 0 0 0 5 | 454,480 5 | 454,480
i JEH O X ®E M| EM 0 0 0 0 W 0] 0 0
fublie se - s g | O 0 0 0| 33 [4,172,680| 33 |4,172,680
o | ST AO—FREEN | BL 1 699 | 39 | 122,387 | 2 | 161,740| 42 | 284,826
K| E—zu—R#EEM | PL 0 0 0 0 1 | 149,500/ 1 | 149,500
Bl wmaemm| BM | 212 | 87,615 | 106 | 193,98 | 0 0| 318 | 281,601
Privae Use - b mow | 213 | 88,314 | 145 | 316,373 | 3 | 311,240| 361 | 715,927
® FF Gnd Tow 213 | 88,314 | 145 | 316,373 | 36 |4,483,920| 394 |4,888,607

" Note : Code Explanation  BL : For Base Load

PL : For Peak Load
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3. ﬂ)T”:bFﬁij’S'—l:”‘/ 43§7 199255’357_3{‘\/‘\1\\/]\/57‘—7‘1{77\/.1\/\\)\/
EBEAHEVUATA N (kgh)
EEGHE #1 AT R }\éﬁ_*z
No. of Units 110 Thrust (kgf) 340,700

* 1 V25007 7 »EF (89%8) W& ¥z,
Excluding 89 Units of V2500 Fan
Modules
8 1992y —AR¥ ¥ 7 b/ F—RTay 7/ xy
® F * 2 YHHELFEREAKAZ A b

EEBRKRUHS (PS) Maximum Thrust at Sea Level
Static Condition

N
R 53 0 ~999PS 1,000~PS & Ho0
Size Total Output
Application Units Output (PS) Units Output (PS) Units Output (PS)
BElE A
Fixed Wing Aircraft 0 0 36 159 , 300 36 159 . 300
NATIRE 0 | 8| 167,200 | 85| 167,200
elicopter
BB R &Y
Aux.Drive Units 46 2,826 0 0 46 2,826
B 46| 286 |121] 326500 |167| 329,326

* 3 ¥HEEEEEANS
Normal Output at Sea Level Static Condition

(H5%%1,720,000)

Approx.
> D | *6
4 . J@%ﬁ% { :} 191910 . 20,§26
=9 19925 RA AR EE B B O R B 10,000 -
L
X 43 Size o L
L~ AR HLAME
- & U R Exm *O om bt 2T
j: E xI‘m’n = ﬁ ﬁb x ,E(nlm 1 ws total number o
Class gx@% Efrie(r o)f No. of Units No. of Model gﬂ g gilzgrsc?l(;rge;stoifgr 10%?nm ié
Compressor Impeller = - impeller diameter
%%{ Approx. 1000 |— 921
Class 1 0 100 1.720.000 75 : 1
Class 2 101~ 200 19,010 26 l:] £ 363
Class 3 201~ 300 921 15 § & i
Class 4 | 301~ 400 363 11 5o | L 8 151
Z 8
Class 5| 401~ 500 118 5 100 | g I n
Class 6 | 501~ 600 154 8 l E
Class 7 | 601~ 700 162 6 gﬂ I 26
Class 8 | 701~ 800 0 0 ZE ©
Class 9 | 801~ 900 98 5 = L J .
Class 10|  901~1,000 0 0 g s 5 .
’é‘ §+ Total 20 N 826*5 151*4 o
BORHRACH A 12 i
No. of Companies which supplied Data J
¥4 BXETFhPERI—ErRATH S, 1=
Every model is an exhaust turbine type supercharger. 0 0
* 5 [EHFEBEBEAEI00mm R T5RRT, 0~100'-200 ~300 —400 ~500 ~600 ~700 ~800 ~900 ~1000 &3
This shows total number of superchargers over 100mm in EAHEREAE (mm) Total
impeller diameter. Qutside Diameter of Compressor Impeller

10 19925 EA RS AR BE A B VB =03
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WHAH RS —E R
FRAZ - BEWE

2 4 A23HG), £FLDOFHRESS L UHERSISHN, BRIFRESE
KBTS,

$9°, FE17THI%E 2 MR ERIFI0R300 L v BIsh, FFREOEREC X
H, HThEBESHEELZY, BESED S, BITHAPEMERIC K
LZHSBRERDD, 5l &KL T, AFBRENOLEE IH, BEREBHE4W
ZTESDBEIT 3 Z L BSEE AN Db, HITHEERSE, RAGRE
HEDRRIDEEBVTON, WTINbERSN I, BRBEAKKOV T
DR, AHRSHHEET & 3 ARSI CEES L VBEE T, K
WT, HEEEREBEERBRECENL I ENERINT,

IS | [HFEER A 11205 & D ASB TS h, FEE0EER
0, MREBESHERE LR, BESEDONT, 7, HIEE22E, &
FEREHEML THBBLPRUT LI ENESENTDE, UTOHEED
FHETbI, WIhbERSh, Thbb, FIBHERA, FI8HHEE
m, FRTEREOEELRESI I, B L &b ICHISHIFTHRA - BHRE
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