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Fig.14 Dry low NOx emission hydrogen combustor
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Fig. 3 Basic system diagram of hydrogen-based autonomous
energy supply system H20ne™
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Fig. 4 (b) Outlook of H20ne™ BCP model (from top)
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Table 1 Specification of BCP demonstration model
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AR E 75L (40C)
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RRHEI R 95% (FE™55%, mKk40%)

AR
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Fig. 5 Example of demonstration result of the one-week stand-
alone operation
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Fig. 6 Safety-conscious design of H20ne™
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Fig. 7 H20ne™ BCP model installed at the city of Yokohama's
port & harbor bureau
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Fig. 8 System diagram of an H20ne™ resort model
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Fig. 9 Annual balance of amount of PV power generation and
hydrogen energy
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Fig.10 H20ne™ resort model installed at “Henn-na Hotel” in
the Huis Ten Bosch theme park
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Fig.12 Further variations deployment of H20ne™
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Fig. 4 Main development of coal gasification and IGCC
technology in Japan
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Fig. 6 Applicable coal type for EAGLE gasifier
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Fig. 7 Overall plan of the Osaki Coolgen Project
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Table 2 Targets for Oxygen-blown IGCC demonstration

Item Target

40.5% (HHV)

The highest efficiency on 170MW class in the
world.

SOx : 8ppm, NOx : Sppm,

Particulate : 3mg/m3N as 16% O, equivalent
Confirmation of coal range for gasification.

To be expanded from low ash fusion temp.
coal, which are poorly compatible with PCF
to high ash fusion temp. coal.

To obtain the prospect that plant availability

Efficiency

Emission Level

Coal Variety Compatibility

Reliability will be more than 70%/year.
Load change rate : 1-3%/min.
Operability To obtain controllability equivalent to
commercial operations.
To obtain the prospect that the generating cost
Economy in the commercial stage will be the same or|

less than PCF.
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Fig.12 Transportation of Gas cleanup unit
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Solid Oxide Fuel Cells (SOFCs), Segmented-in-series Tubular Type Cell-stack,
Combined Cycle System, Micro Gas Turbine, Hybrid System
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Fig. 1 The main features of SOFC.
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Fig. 2 I-V characteristics of segmented-in-series tubular cell-
stack using a synthesis fuel of reformed methane with
steam (S/C = 4) under pressurization. The Cathode of
cell-stack is (LaSrCa) MnO;, the cathode interlayer is (Sm,
Ce)Os.
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Fig. 3 ASR change of the segmented-in-series tubular cell-stack
shown Figure 2 as a function of test pressure.
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Fig. 4 Appearance of segmented-in-series tubular type SOFC
and the cross section structure.
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Fig. 5 Configuration of SOFC-MGT hybrid system using segmented-in-series tubular type cell-stack.
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Fig. 6 Flow diagram of SOFC-MGT Hybrid system.
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Fig. 7 Long term behavior of 10 model hybrid system installed
at Tokyo Gas Co., Ltd.'s Senju Techno Station.
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Fig. 8 Appearance comparison of model 06, model 10 and
model 15 cell-stack.

H— 0y VEEZMIORT, A=)y ViE, KW
10ICRT LIRS v 7 HROFEERR, L3 THo%k
BHY) — P2 oK s, BeHieVv 25 v 7 Al
EASTAN, ZBRIEF 22— 708 Z TH 5 iR S,

ETFOY — FEICIZWESAR— F25kE SN, LY —
F TR O 2179 & 3kic, BEICHEH SN
EROPEZER & VIS S B IR OB A
bo BRHZ, TEBY) — F TG S s KRz
REFEIMH SN EIROPHRE DSBS 5 2 & T,
HEBOWMERE L o T VS, A— 1Y v JITEIL A
5 v 7 ONEAL, BRI IRBGE AN 5 72
O, =My VOB - GEREE R EUNCEE L, B
TR I UM FE BB HI % O BRI T Ofnsha 2 iR L 72

NEDO7u ¥z MITENVAY v 7 DAL (—
W) IR SERTIC TR L 722 ZE % K11, kLA
7 ZALRED I 2 2 1 IR T . PIITAEE D S FE i

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



250 MHPSICH13SOFC—Y A7 OHXZ—E NI Ty ROXTFLOREERR BAH X2 —E L FREE

~#—model 06
0900 | —s+—model 10
—e—model 15

L |

sl | Tmpemnmi;;-‘.\

| Fuel: Hy/N, = 70/30 vol. % -\-
Oxidant: Air

0.650 } Fuel utilization rate : 60%

Air utilization rate : 20%

Average voltage (V)
o

0.700

0.600

100 200 300 400 500 600
Current density (mA/cm?)

Fig. 9 I-V characteristics of segmented-in-series tubular cell-
stack. B is model 06, 4 is model 10, @ is model 15.
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Fig. 10 Schematic diagram of cartridge.

Table 1 Specification of segmented-in-series tubular cell-stack
applying durability tests in Central Research Institute
of Electric Power Industr (CRIEPI).
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Fig.ll Comparison of long-term durability among different
cathodes in segmented-in-series cell-stack in performance
with/without Cr contamination.
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Fig.12 Long-term behavior of model 15 cell-stack.
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Fig.13 Comparison of the cartridge, the module and the system on the model 06, model 10 and model 15.
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Fig.14 Appearance of model 15 SOFC-MGT hybrid system
installed at the Next-Generation Fuel Cell Research
Center (NEXT-FC) in Kyushu University.
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Fig.15 Study example of advanced applications on SOFC combined cycle systems for the realization of a low-

carbon society and a hydrogen society.
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Table 3 The latest list of commercialized residential fuel
cells as of March 2016

S

REV=v T A N
PR it o> R PEFC PEFC SOFC
TERE R E 700W 700W 700W
Wi 14077 20077 2803 (FCa=y i)
S 105 L #160°C 160 #970°C
L, |EwE 39%-LHV 39%-LHV 52%-LHV
o ERRA 95%-LHV 95%-LHV 87%-LHV
3.1 RERBHEMCGSI %7 7— L (PEFC) DEE®

[ 47 7 — 2] 1320094 i FUZ BRI T HARN
TRV B SN THS, ZORWE T AL COMIIR

FANOKEE HIFL, SEARORKEEZ N LS
S OISR BN T A R a i D fEfR L, b
F100mPL Fo#EE~ v Y a Y ORELIREE &>
TWbo 20144F 4 H 72 S35 A3 Bih S B A ey
SNV (FEE) 20134 4 A HW5ERG L Twb )T
BETI (PR Ofmbmttkz 24187,

M HEVE % B8 % 72D I ARE 7 > 7 — S 5
WORE 2 38, — TG AHARREE Y V¥ — (12
BUIsEEREIVE LOWMES 7 ABICH YT 51.0GI2
iz 5%EtE o TWwb, F7z, BEHNE~NOREDE
M S 5720, WEELL=y KPR L E
#9 L "C30m/s @ i JEIRE T b B fin ke 1] B8 20 i BV & Al PR
LTWwh,

F7:, WHAKEKDKE, BEFTOIAT 7 —20
B2 L2 vwEWnw) = — X %%, [{EEEEER
el #7247 avih (7Y avA, B PR
SN (ES5ZMH). 7Y 3 VAR, EEBARICT
2T 7= AN LTV AYAICRY, BEEOMK
Bt AT RE e BRBECTH Do TV 3 VBIE, EEIRE
FRIZZ A7 7 —20EELTWTh, BFELI=y FOE
HEMWTIZ A7 7 —2%2EHT 22T, BHMHE
DWuEeE e b, B, BEEBEOHILZ F 7Y a VAR

— 34 —
Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



Vol.44 No.4 2016.7

REARVEZRARHERORIEE 255

T0WTH D75, 7Y a yBidEEILDSOMEESTD
G s ERKL200WOENIIHEHTETD 5. Nz
T, WA R LKEPFEHTE R WEATD, BEMIC
72 B % R KRS0OWHH T2 2L HTE 5,

e
150,000 1

150.047

¥ LERAN>

115,455

100,000 §

50,000

2009 2010 2011 2012 2013 2014 2015
-3, 4 (12R)

H#2009~-2014 FHIL, MBYEIE(TRE<—Z (RW= FL¥—TERT—F),
#2015 FMIL, 2015 %F 12 A 18 BRA TOMMEEHRE~— 2 (—iHEA SRTREEEEESRN),

Fig. 2 The trend of the spread number of ENE-FARM"Y

Fig. 3 Residential fuel cell installed in the pipe shaft

Table 4 Comparison of specifications between the new
PEFC model for condominiums and previous one

Table 5 The specifications of two option units for power
generation function during a blackout
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Table 6 Comparison of specifications between the new
residential SOFC model and previous one

HEAHE B
HEH 2014441 1 H 20164E4 7 1 A
FEHS I © 50~T00W JEHEF © 50~T00W
B AZHE : 3500 HSZHE 2 700W
Pefe 46. 5%LHV 52. 0%LHV
90. 0%LHV 87. O%LHV
90L 281
W #70°C —
103 SR=p
}‘Mf B H935mm, W600mm, D335mm | H1195mm, W780mm, D330mm
i 2=xb

H1760mm, W740mm, D310mm | H750mm, W480mm, D240mm

5 96kg 106ke
i
W | o b
P 91kg 38kg
REAN—A 91, On’” 1. A’
AT WA, LPH % -
A 5. 54 B I cHh 104 R 3

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.




256 REARVEZRARHERORIEE

HA#HR2-—EFR0

4. EFFFASOFCOERENM
2IH TRz L 912, 2017T4EE oA T, [
NDE A — 7 —DEBHSOFCORIE 2 D TWnWbH, =

2T, /MUSOFCHIEZ 1T > TV ARt T & =il 13,

KISOFCRI%%4T o TWA=ZFEH VAT — Y AF LR
DOFYINZ FIHNT 5,

4.1 EBA/NEISOFCORHEIR

411 FEEFICHTB/MESOFCHE HtJik, 3
JHTHRARZZZ AT 7 —Ltype SOEIVAT v 7 2k L
TWhHA—=H—THY, SOFCEtINV A% v 7 OFAfy -
B LBAZAELTCWA, TOMAZIEDL, 20174
JEOE ML % BIEIC 3 kWiHk O ¥ 5 HISOFCRI % %
TWwb,

B D 3kWHkSOFCY 2 5 2 0 HEAL 2 7 12
R FEEAHES0%LL L, BARIHEI0%LL L& HIEL T
BY, MEREDOT A Y v THERWINIHICBIT S
FAIRCGS & LTliff s b,

FOAA A% Gz A 441 ORI, #IF, ) &
20174E FE D RGaALIIAN T, AT A 7 A O FERERHAM 1 )
LTwb, WHAADFHNEITIE, ¥ AT AOuHN
AVEDFHI 2 47\, 1 T REHEIZ BT b ZEERIFR50%
Pk, FEEMD SkWELE & W 2E L 72 E i g & 15

TWwbo HWNIZBIT B IR DEIEROIMRZ M 4 12RF

512, 20154 EICIEEBH OB O BEMRLICBIT 5%
AR D B L, ERBE T ToOH A, WO
DTS,

Table 7 The target specifications of 3kW-class SOFC system
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Fig. 4 Field test of 3kW-class SOFC system at Tokyo Gas
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Table 8 The target specifications of 5kW-class SOFC system (RPHNM)
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Fig. 7 The 5kW-SOFC system at ZEB demonstaration by
Taisei Corporation
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Fig. 5 Field test of 5kW-class SOFC system at Tokyo Gas ELCHFEREDTEY, HEERRIZR I OM) TH %,
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Fig. 8 The system flow image of 250kW-class
SOFC-MGT Hybrid System

Table 9 The target specification of 250kW-class
SOFC-MGT Hybrid System

HA P Ry A
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g 150 EOFE SR 600 -
100 ks 400 £
o SEARED i g
J MOTH S { '
0 1" 0
0 1,000 2/ 3,000 4,000 5,000
Wazosm 3

Fig. 9 Stable operation more than 4,000 hours of 250kW-class
SOFC-MGT Hybrid System at Tokyo Gas
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Fig.10 The downsizing plan of Hybrid System
by the new small caliber cell-stacks “15ver. model”

Fig.1l Field test of the new model 250kW-class
SOFC-MGT Hybrid System at Kyushu University
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PAFC, Biogas, Pure-hydrogen, Low-oxygen Exhaust Air, Fire Prevention
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Fig. 1 Generation principle of PAFC
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Fig. 2 Development process of PAFC
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Fig. 3 The appearance of 100kW PAFC (FP-100i)

Table 1 PAFC specification

Fuel City gas |Biogas |Hydr0gen 2as
Output AC 105kW

Rated voltage, frequency 210V (50/60Hz)
Efficiency 42% (LHV) |40% (LHV) [48% (LHV)
Thermal output 123kW 116kW 99kW

Total efficiency 91% (LHV) [85% (LHV) [93% (LHV)
Main dimensions 2.2m(W) x 5.5m(L) x 3.4m(H)
Weight 14 ton | 13.5 ton
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Table 2 PAFC option list

Function

Type |Fuel — - -
Grid independent  [Fuel switch |Low Oxigen

JIS  |City gas
(Emergency use)
Biogas

Hydrogen gas

O O

CE |City gas
(Fire prevention)
Hydrogen gas
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Fig. 4 The structural drawing of 100kW PAFC
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Fig. 6 Appearance of the earthquake-resistant examination
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Fig. 7 The use expanding of 100kW PAFC
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Table 3 SOFC specification

Output AC 50kW (grade)
Electrical efficiency 55% (LHV)
Thermal efficiency 30% (LHV)
Total efficiency 85% (LHV)
Main dimensions 0.2  m/kW
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Fig. 9 Principle of FCV operation
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Fig. 3 Typical energy density of RFC and Li-ion Battery.

2000

A RFC 30kW
—— Li-lon Battery 30kW h

Weight [kg]
S
o

0

20

0 10
Discharge Time [hour]

Fig. 4 System weight of RFC and Li-ion battery.

AL, FITWIE - SRR - B0 bh, 0
WINDH T AL Y Y oI Tn b,
IV U SoFHEE, T Y Yy OREEEBIAKE S
5720, WKV AT APRLEL T HEEIT—HL R\
COA—H%, FRAETIREEIIPE &5 2 LA hE
Thbo

THI/TALE,  Z O F A BUPORLFE It o it 22 %81 1 925 %,
2012410 H ®BoeinglZ & % ecoDemonstrator T % Jifi L
729 CoRBETIE, EBICGEMN SR D RERE (72
A U MZERIBT3T) WK FRE R EBRL-ABRE LT
EETHLH, TORBRIE > TRITEREET ToREARIR
BEMOTNE, BHAHIER SN, FARREE
MiE KB A A S N TV L DT, FEHIZIANT T
(X, LilonTEMD X9 2 REMIFHAHT L %%,

SITHAERMEERE Ny T DAV F—HED
IR B0 5 B %2 7R3, BREE - BRALA] - KD
& ¥ 7 OFATIEEHE OB IR 2 558, &
HIFEMABARWEEIZE, AFE %5, R 412,
VAT AEBOHER AR T, FAERMKREERL, ok
I TSRO AV F—IFEEEE & AT 2 & AR,
BRTHBELRILARE LTy v 7 NICKIET %,

2 LM T, R EHEEZ DI T 5 .
(F5]
- PREVE D & K EEIRIEE ORLA S bEOBUT TEWIRE
HEEZERTETH S,
CIANF—=Ny 77 ELT, ATE=IML, VAT A
BELICHFS T 5.
CPRALAIDTEEFZETH H 720, BROLGAEIIHRTH Vv —

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



Vol.44 No.4 2016.7

P22 R P IRFL B st % 4 D SR #AR AR 273

Electrolyte current density  Pressure distribution on anode side(s)

Pattern A [Serpentine(A)-Parallel{C)] [Afm?] {Pal
- < 8

1.01x 10%

V=08V, Przo=Pong o
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Table 1 Specifications of multi-cylinder test engine

Type of engine 4 stroke, inline-4
Bore x Strcke mm 115 x 125
Displaced volume L 5.2
Compression ratio 175:1

Fuel

- Hydrogen (portinjection)
*Diese fued (directinjection)

Measurement of

exhaust gas CO2, CO, THC, NOx, H2, Soot
components
Blower
Laminer flow meter ]
and Surge tank s
- 4 Soot sensor
[=]
o=

From Transient FT-IR
air =

conditioner

Combustion
Analyzer

[

From Hydrogen
supply unit

o
o

.

DY controller

and utilization of MCH with wasted heat recovery
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Fig. 7 Schematic diagram of engine test apparatus
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Fig.12 Hydrogen concentration operated in this study
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Multimode Cascade Flutter Analysis Based on
Fluid-Structure Interaction Simulation and System Identification

_x 1 » » 2 —aly W 2
DA & PN RET My P
TATEISHI Atsushi WATANABE Toshinori HIMENO Takehiro

ABSTRACT

A new framework of aero-structure integrated analysis is presented for the prediction of cascade flutter. The
proposed analysis method considers effects of the airflow on blade vibration such as change in frequency and mode-
shape based on a fluid-structure interaction (FSI) simulation and system identification technique. The aeroelastic
system of vibrating cascade is identified from the free response of blade vibration obtained from a time-domain FSI
simulation. Aeroelastic eigenmodes, which describe blade frequency, damping rate, and modeshape in the airflow,
are obtained directly from an eigenanalysis of identified aeroelastic system. The approach is validated through
comparison with semi-analytical reference solutions obtained by LINSUB program. The comparison of aeroelastic
eigenmodes shows that the proposed approach is capable of obtaining flutter characteristics accurately even under the

presence of aerodynamic coupling among structural modes.

Key words : Aeroelasticity, Cascade Flutter, Light-weight structure, Fluid-structure interaction, System

identification
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Fig. 1 Sampling of blade vibration from time history obtained by FSI
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Fig. 2 Flowchart of FSI computation
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Fig. 3 Mapping of blade displacement by moving least
squares interpolation
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(a)Typical CFD and FEM grids for aeroelasticity simulations
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(b]Interpolated blade displacement of 1T mode. Solid line:
interpolated displacement on the CFD grid,
dashed line: displacement on the FEM grid (Source)

Fig. 4 Comparison of mapping methods of the blade
displacement (MLS and Linear-CVT)
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Fig. 5 Flat plate cascade configuration
Table 1 Flow condition of flat plate cascade
Pitch/Chord s/c [-] 1
Stagger angle ¢[deg] 45
Inlet total temperature T, [K] 288.15
Inlet total pressure P, [Pa] 101325
Range of inlet velocity u [m/s] 0~166
Range of inlet Mach No. Ma [-] 0~0.5
yib
(04
(Center of gravity and hinge)
-1 0 1 x/b
Fig. 6 Configuration of flat plate mechanical model
Table 2 Parameters of mechanical model
Span length /[ [m] 0.05
Chord length ¢ =2b[m] 0.05
Blade mass my [kg] 0.02
Inertia of momentum I, [kgn’] 4.167x10°°
Heaving stiffness K, [N/m] 3350
Pitching stiffness K ;[Nm/rad] 10.3
Heaving natural frequency Jin [Hz] 65.1
Pitching natural frequency fa[Hz] 250
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Fig. 7 Eight blades flat plate cascade configuration and CFD
grid. Coloured cells are on the block boundary.
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Fig. 8 Comparison of unsteady aerodynamic force coefficients between LINSUB (reference) and CFD results
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Fig. 9 Examples of free response of the flat plate cascade
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FSI Analysis of Transonic Fan Flutter under Part-speed, Near-stall Operating Conditions

ViF R
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HIMENO Takehiro
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MUROOKA Takeshi

This paper presents an application of an aero-structure integrated approach developed by authors for cascade

flutter simulation. Transonic stall flutter experienced in a rig test was simulated over a wide range of part-speed

operating conditions. The flutter boundary obtained by the present simulations agreed well on high rotational speed

lines. However, the simulations for low rotational speed cases could not reproduce the flutter boundary. Detailed

observation of the flowfield and local aerodynamic work revealed that the flutter boundary on the low speed lines

was governed by the strong excitation force produced by the detached shock wave on near-stall operating points. An

additional sensitivity study on the turbulence model showed the possibility of transonic buffet which caused flutter

suppression in the low speed range. The accuracy in identified aeroelastic damping was also discussed in detail.

Key words : Fan, Aeroelasticity, Stall flutter, Fluid-Structure Interaction, Transonic flow
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Fig. 5 Characteristic map of CEFSI fan Fig. 6 Relationships of mass flow rate and minimum

aeroelastic damping rate on each speed line

Table 2 R? values of least-square identification on each operating points

OP/Speedline 70.0%N 72.5%N 75.0%N 77.5%N 80.0%N 82.5%N 85.0%N
A 0.998 - 0998 _ - - - -
A 0.996 0994 1 0993(F) 1 0998 0998 0.998 0.998
B 0975 0974 1 0913(E) - 0995(F) L _0998 0998 _ 0998
C - 0.869 (1) 0.720(f) i 0972(F) — 0.998(F)  0.998(F) !  0.998

(F): operating points where negative damping mode was detected,
(f): operating points where the stability of blade vibration could not be distinguished due to large uncertainty,
dashed line: flutter boundary, dotted line: inception of accuracy deterioration in the modal identification.

E S NTZMERDAIEDP S 2R T o SR IIIFIZT75%N
DT oORHERMTRE (, FLORMEDKT 2 D 5 1FH)

4, 77 oYy TETTYA—BR
4.1 BEEGHICETIEERNBEITZER

77 ¥ — RIS @ E RN 2155720, Bt
BOBERNFN 21T o720 MO NIT 7 V4
%y T D) FREBAERE OB ERT RN TIE EDMN
EHCTHRBEM TEIATREDICER I Nz, [
HRROEAL - RT3 5 REAEY)ICIR L 5N TH
D, EEHIIEZYLERPEONIZEHR L, 7
T v F — R TR L 7222518 LTHTw, 2h
5O 5 FIZRT LIS, FhEK CREEN S
BRI > TA A B CEIPERZ LT 5,

4.2 BEHEBICHTHZEHEME—- FORERE

FARB R CRE S N2 B HHEE— FIiZonwT, 7
FERENT T v & —BRERD L7205 Th B
PHICOW T %0 £ 213, KMEBRIZEB W CTHER
RN ERERMEEZ R T Fh (F) ZARED
TE—FPHEELT T v ¥ —=ECAEEN, (T) &H
ARG RO SR E S REEDOHEDSHEETDH - 72
EEN T TH D 7T v ¥ —BRAIE TIER?>097TH
THRENZD, Z2)MEE — FOREREIZEY TH
Az b, LHL, KEEEMDOT725%N, 75%N Cri
T VEB FACHARROZF LK TAAELTE Y, [
R T A EBEEAS BN EIRBEENS,
FARE) TR S N2 Z2 ) — FA S HR/NRERZ
WL, #EEHICOWT T 7 ViR 2, WERE
ez 7y LIKN6 ISR o ARz a9 20 [ i
ZEIRAT & D13 5 N7 R O9%EEX T, [

HEMIBLTWS, L2L, 79 v % —BROERIEN
WFRREBRO/NS WHBICME L TWwb 720, FEL K
FoTVDE I EDVEHOVRYE L ¢ THERTE %,

43 T77v45—ER

X 6 OIE-REROBEFRL Y, RN TIL75%N A
582.5%NIZ F I FE MR HIRFE M & 2 D VEB) HAFAE L,
T7I9 7 —=PELTWE, INLOMIEERTIE, FHE
fFECTHREZ - BRI ERDIZWMICE LAALTY
bo LML, T25%NLLTFTIE79 v 7 —134AELT, it
e 7B MEROR T I SN AICH D,
T5%NLL ETH SN2 AZbEE s v, Tk
AN, HEE O BEEEUSIC B B ARG R MRS S T o
BOBMGEDRALRDBEANRIIBIT L7 T v ¥ —HFE
BEOEALDOREHTH D L\ 2 5o

7T v ¥ —=BROEHEERD, v T EIZKRLY
FARBHER LR L2 b0 FK 7 IIRT . V) 7R R
TH U 7280%N, 825%ND 7 F v ¥ —HULHEEIHNT C
LEEMICHEIN TS, B, HESICK b
B OFRNTRERYTH RO RIEONT VD Z Lh D,
COMBRTITHBEIAN Z AN THEONDE 75y ¥ —
FRIRECEILEVWEEZOLNS, LA L, HBiTIX
7Ty =R 5 I T O MR D T5%N A 5
TI5%NTH 75 v & =AU, BT RS FILE 51
VZARBARE R S RBLT BAER E oo 720

D EORERIIBI 28 MMk LT OO,

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.



296 BERT 7 OEBPEEGHFCAERLETELST7T v 2—DOFSIET BAHTXZ2—E L FRE

O FSIPoints ——P-Q map @ Tes

T T
= =Surge line (@ Test ik

0.8 |-++#» Flutter boundary @. Test- ,/ 777777777777
_ —%létse{ boundiary -
T
5 0.6'713 777777 7777777 ;77;; ----
N s St - L= 4/ NS Nor U N

Feao

e TTOS g AT T e 1

0.6 0.7 0.8 0.9
Relative mass flow rate m/m,

Fig. 7 Characteristic map of CEFSI and obtained
flutter boundary by rig testing and FSI simulations
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Fig. 9 Comparison of local aerodynamic work distribution on the suction side of the blade across the flutter boundary
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Fig. 11 Unsteadiness of the detached shock obtained by a time-accurate CFD simulation
at the operating point A on the 75.0% speed line with SA turbulence model including f» term
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THWAS, Wit 6 % H 725724413 ~ 10,296k W54
EIZIFHICEL BhoTWwWh, TLHIOLZVIETIZ

44130kWLL 1, 736 ~ 4412kW , 22,065 ~ 44,129k W,

Lo TBY, AitELIZ2FRE 3SFHVPANED S
Twh,

(7) BEHTAY—Er (F£6) ORKE M ZHE
LT L, FEMIZ ENTIRA4A, 1,297TMW
L7, FIEE RT3 A, T06MWORA L 7572,
W TIE 8 E, 3IOMWE 2D, HitEELHNRT45,
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(8)

(9)

(2)

LS5SMW DR A & 72 o 720 HFE M, ENA3167A,
483MW & 72 V), Hi4E & LE_T30H DM, 86MWD
WAL o7z, WilIE35%, 265IMWE 2 1, 4
EHRILA, 219IMWOMINTH > 720 FHEMIZE
ML E D RTEIC R TR LT, BHRARENT
FEBREENLZbon, BT A L, s
B W ICEmAHEETH - 72

BEffH A A 7 — ¥ VT EY 2—)ViE, RFisEIZT] &
it X 20154F b TR R Ao 720

ZIHEERV T B BOBAEINZIEE 572D O
D, WINIIRTH > 720 —F CTHlHVEARHDSERE
BmE %> Twab,

2. 2015FEMERH A2 —E EEREIBIE
(1)

F—RT 2y VLYV IR Ty T D
FHELEIRPIC OV T, WA & [RBRICP-1 1 s By
WHEH OFT100ATH ), HEHEHIZ6 R, Aot
JNE3ARNTH o 720 BIEBBUIIEED 9 B 5D
L7ze ZOMICEANTHE SN K77V
Y v & LT, HondaJetlZHIR S N TV HHF120%3% 1),
20144\ CELE DSBS N TWwW 5D, HFI20— v ¥ ik
EGEX v % - xz7u -y IV A#MTHD, KE
WTHEZEINTWS 20, KEFHIIZE TN TV v,
(£7, H8&H)

FAERBRIC Y — R 7ay 720V v oFiHEE R
M, ¥—FK¥ v 7 b VY OHRBBMERIIL,
MCH-101 (F#fEH~Y 27 %—) B X U'CH-101
(MmN a7 % —) HORTM322%% 9 A,
SH-60]/K, UH-60J/JA, # & NAH-64DH ®T700%3
106T, AalBEUI19%, AFHEJIIE30571kWTH -
72. (28, K9ZM)

REMEBRHZ Y Y VY MFEY 2 — Vo FHEE
RIWIZOWTIE, HWE 5 FEW, HZ2EREEEOEE
ARV B 1, 20154F 1317675 & & V) @2k
W W L7ze PEREREHE Y 2 — 1 (V25008 &
OCF34) D EVAEGHEMRL TWD 2T TRL,
PHEMH £ Y 2 — )V (Trentl0008 & O'GEnx) D&
FEDNEFICH 2 TV b, 7220148 DABH T~ ¥
VTH B TrentXWBOBEBEZS € Y 2 — )V O #E I
WZHEE, 20154E 13 V25000 4 RkBEAE & L CHZ S 7z
A320neocHIPW1100G- M > Y > D7 7 VEY 2—)
CREEMEE Y 2 — VoBERHIE X 2, (K10
Z )

HARDHZZH A A 7 — ¥ v RSk M E LT,
EEBHANT Y Y v oRMEAEEIEH T ) EILr R
WA, FERHETO 7 bE L TXESDHEINT
BY, AT NVAMREE R o Bl IR [X-2]
RN, 20164E 4 AICRIRAT A2 770 — IR
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BTy Y VFEY 2 - VoRBEEHICOW
T, WmEmCH ), SHEERNRMERTEON
TV EES, Trentl000, GEnx, D TrentXWB,
PWI1100G-JM® € ¥ 2 — )V ik, B S A KA
THIENRTFUENE, BIZIEIAAT =y MET
@ % Global7000 2 T°Global80001Z 4 #% & #1 % Passport
20 (20164E 5 Bic v ¥ v RIRRA # B fs) Uit
KT R #EAEB777X ¥ ) — X2 S 1L 5 GEIX &,
FEt L > ¥ OEBRILFE RS EEAT b T 51K
WOTHY, SHOREMERHT Y YV HED 5D
BB G T A Lo b,
(L) © () H ACZERE B T2 [ MM 22 0 75 %
By 70
W2) : — AN HAMZESH LS [F
B284EM H A DfiZe5 4 T3 | , ISSN
0910-1527

3. 20155 EEMEEREBIE

(1) AR (F£9) 122w TiE, FICHBHMITIZ
S 5 A AR B A PE100mm L T DClass 1 8
K% O A B 03 20104F LR RS I & i v 5 ik E B

I. #Et
1. BEMAHZ42—E>

Power Output
a¥
No. of Units

10000 750 -
700
650
8,000 |- 600
550
500
6,000 450 5758
400 -
4500 - 350 333 318
4000 300 -
250
200 2491
2,000 150

100

FAERREZERIC, RIFEL68%EOMNMITTH L %
D, GAEEBEOBINIE T o foe FITHBRASM, B
i, ANEUARAL R BB A ) L IR S B R PR
BALE101mm ~ 200mm @ Class 2 B #AHE 0 A4 5 5%
1, RIEH1S%DEMTRBOT B L oo FITH
AR BB I LA & L 5 JE AR B B AL E201mm DL
L dClass 3 L E D @E#EEEIZOWTIX, Class3, RO
Class 5 IZBWT, TNEFN42%HE, 33%IE L > T
550D, Class4, 6, 7, 8, 9 DKIEZRFIIZL -
THRLETN%WPERY, WISTHE R, HA
N CoFEME L EIE20114E %2 ¥ — 7 2 &
oTBY, ZOFENKREVEEZZOLNS,

(2) AERERIRXH (10, K11) 1320154 1213 #r BB m

ORKXBEIED 72 <, WEAER AR D183 (4Classi
&) Tholze TIUIREE T TITBMS AHRAIC
& o TIMO NOx#EZRBHIN DR RS — B L7274
EZz o, FRoLERELENMENICH S, &
B EHBGNC A DY THELREREERM 2RO HAR
A= —HHOBERD T A VT v TIREALTnL
LEZLND,

6,656

413

374 4958 1922
342
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#1 2015FHEPEEGEL T (kW)

X% Size| /N8 Small Unit | #%!  Medium Unit | A% Large Unit & WA
~735kW 736~22,064k W 22,005k W~ Total
A & =Rl = G I NS B R = & G S B = &~ G B - Ry B = =G < LR |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
J— — KWZsE
NAH ].\%%m BL 0 0 26 140,738 21 | 4,124,320 47 | 4,265,058
Generator Drive for Base Load
¥—ro— FEEH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
g 7% =B

o W e H EM 100 45238 | 216 440,320 0 01| 316 485,558
Generator Drive for Emergency
] i H
Merchant Marine M 0 0 0 0 0 0 0 0
(113
ﬂm.. # . & MM 0 0 8 164,864 0 0 8 164,864
Military Marine
At 7o+ 2
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofo 7ot 2 M
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
x B A XP 0 o] o 0| o ol o0 0
Experimental
] fii H 0 0 0 0
Air Conditioning ACD 0 0 0 0
%. ? fta MC 12 3433 2 3,120 0 0 14 6,553
Miscellaneous

PN =

- Total At 112 48,671 252 749,042 21 | 4,124,320 | 385 | 4,922,033

MM MC

BL 12.2%

EM 82.1%

BL 86.7%

B2 20154 @R A BEA (%) B3 20154 @M AEE (%)
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F2 20155 EE A B O (kW)

X4 Size | /NBl Small Unit | H1%  Medium Unit | A% Large Unit & W oh
~735kW 736~22,064kW 22,065k W~ Total
PREHESH a—-F | &% B 0 | BE | B N | B OB | BB D
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
o oo
@ﬂﬁ?i,mf] A LNG 0 0 7 29,200 6 | 1,930,200 13 | 1,959,400
- Liquefied Natural Gas
2 PR
R RIS GNG 0 0 18 109,658 15 | 2,194,120 33 | 2,303,778
# | Natural Gas
ERA A A
Gaseous | Blast Furnace Gas GBF 0 0 0 0 0 0 0 0
Fuel N
Akt 72 GTW 2 1,200 20 50,000 0 0 22 51,200
Town Gas
WALA A A LPG 0 0 0 0 0 0 0 0
fMrs v VA7 HA GOG 0 0 0 0 0 0 0 0
fpe (FAE) A GCG 0 0 0 0 0 0 0 0
S SN 2 1,200 45 188,858 21 | 4,124,320 68 | 4,314,378
Sub Total
i ATt T 25 12,105 40 91,300 0 0 65 103,405
1k Kerosene
PR .
B | EEA
. K 17 4,580 37 235,134 0 0 54 239,714
Gas Oil
Liquid |
lquid | SR 1 1;@4 H1 68 30,786 130 233,750 0 0 198 264,536
Fuel | Heavy Oil No.l
ARER hat 110 | 47471 | 207 | 560184 | 0 0| 317| 607655
Sub Total
Z Db
Miscellaneous Fuel ME 0 0 0 0 0 0 0 0
N =
nTo talu+ 112 48,671 252 749,042 21 | 4,124,320 385 | 4,922,033

WARHEEL 82.3%

B4 2015 BRI EE S BRA (%)

AWK 87.7%

5 20154 BRI EA (%)
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3 20154E MBI A BB O (kW)

X4 Size | /M Small Unit | %  Medium Unit | X%! Large Unit & Wm0
~735kW 736~22,064k W 22,065kW~ Total
Hulk GH| M O | A% M o B o | A% Wb
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
v g &
Hokkaido 5 2,638 3 4,000 0 0 8 6,638
H At 6 2,600 16 22,930 0 0 22 25,530
Tohoku
R
] 36 15,628 102 233,110 3 975,000 141 | 1,223,738
F Kanto
o
26 11,878 26 39,580 0 0 52 51,458
Chubu
o .
= b 12 5,390 43 98,420 0 0 55 103,810
Kinki
Hh 9]
Domestic| Chugoku 11 4470 10 18,600 0 0 21 23,070
Use | py
Shikoku 8 2,568 0 0 0 0 8 2,568
u I
7 2,900 14 18,200 1 321,800 22 342,900
Kyushu
i . # 1 600 4 6,400 0 0 5 7,000
Okinawa
& Bt H
Military Marine 0 0 8 164,864 0 0 8 164,864
AP /NaE 112 48,671 226 606,104 41 1296800 | 342 | 1951575
Sub Total
i PN
North America 0 0 3 4,670 1 268,760 4 273430
RS
South Central America 0 0 0 0 0 0 0 0
7’~>"7 0 0 19 125,808 10 | 1,769,620 29 | 1895428
gy Asia
H 2
Iy R ﬁﬁ.“l 0 0 0 0 3 137,040 3 137,040
5 Oceania
%A 0 0| 3 5070 | 0 0| 3 5,070
For | Europe
E t V7 - %
xport| B> 7 - NIS#H] 0 0o 1 7390 | 2| 627400 | 3| 634790
Russia *+ NIS
W i
Middle Fast 0 0 0 0 1 24,700 1 24,700
770
Africa 0 0 0 0 0 0 0 0
Hathiiy /et 0 0 26 142,938 17 | 2,827,520 43 | 2970458
Sub Total
pas =
- Tknal"f 112 48671 | 252 | 749042 | 21 | 4124320 | 385 | 4922033
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#F4 20155 HBREIRM A A FE R O O (kW)

X743 Size| /M Small Unit | FF#!  Medium Unit | X% Large Unit & W N
~T735kW 736~22,064kW 22,065k W~ Total

B SR B HE a-F | &% B 7 | BE | B | B% | OB | B OB D
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
& %ﬁ? G 106 45,308 242 581,058 21 4,124,320 | 369 | 4,750,686
Electric Generator
KA T W 6 3,363 2 3,120 0 0 8 6,483
Water Pump
HEERR T 71X iR EL PRR 0 0 8 164,864 0 0 8 164,864

s =

- Total At 112 | 48671 | 252 | 749042 | 21 | 4124320 | 385 | 4922033

W PRR 2.1% PRR 3.3%

G 95.8% G 965%
6 20154FBEREY BB AL FE BB A (%) 7 20154EBERB BRI DE A (%)

#5 20155 G A EABL N (kW)

mon X 4 W) [=E il
Units Output Units | Output (kW)

0~146 6 70
N 147~367 24 5448

Small Unit
O~ T35 368~735 82 43153
/NG Sub Total 112 48671
736~4,412 213 371,040

oo
4413~10296 28 165,898

Medium Unit
736~ 22,064KW 10,297~16,180 1 10,400
16,181~22,064 10 201,704
/NG Sub Total 252 749,042
K om 22,065~44,129 6 207,120
Large Unit 44,130~ 15 3,917,200
22,065k W~ /NEE - Sub Total 21 4,124,320
& i Total 385 4,922,033
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£6  20I5EBBIAN A5 — UV IEMEEABRLOHS (kW)
K5 Size /AL Small Unit A Medium Unit K# Large Unit & W B
~735kW 736~ 22,064k W 22,065k W ~ Total
H & a—-F | B moh =vd moh =vid moh (=24 moh
Application Code | Units |Output(kW)| Units |Output(kW)| Units |Output(kW)| Units |Output(kW)
~N—z2u— FREER | BL 0 0 0 0 4] 1296800 4] 1296800
% ¥—zu—FREH | PL 0 0 0 0 0 0 0 0
ﬁ It S EM 0 0 0 0 0 0 0 0
Dozgg)‘%b“if“ st Sub Total 0 0 0 0 4] 1296800 4] 1296800
~N—z2u— FEEM | BL 0 0 10| 34200 0 0 10/ 34200
E ¥—zu—F#EH | PL 0 0 0 0 0 0 0 0
e EM 100 45238 206) 403920 0 0 306 449,158
D e U ot 10| 528216 438120 0 0| 316| 483358
#7# Domestic Use Total 00| 45238 216 438120 4] 1296800 320| 1780158
W | ~—2o— NEWE | BL 0 0 0 0 8| 319460 8| 319460
% ¥—zvu— FREH | PL 0 0 0 0 0 0 0 0
% IFHHFEEN EM 0 0 0 0 0 0 0 0
F O%fég%g ub/lj‘f US%T Sub Total 0 0 0 0 8| 319460 8| 319460
B | N—2o— FEEM | BL 0 0 16| 106538 9| 2508060 25| 2614598
E ¥—zu— FREEH | PL 0 0 0 0 0 0 0 0
R EM 0 0 10/ 36400 0 0 10] 36400
FO;@E&XDE"%griV/fe US;F Sub Total 0 0 2%| 142938 9| 2508060 35| 2650998
il &7t For Export Total 0 0 26| 142938 17| 2827520 43| 2970458
N—Zu—FREEM | BL 0 0 0 0 12| 1616260 12| 1616260
i ¥—zsu—FREH | PL 0 0 0 0 0 0 0 0
& IR HsEEH EM 0 0 0 0 0 0 0 0
Public Use wmm & & Totl 0 0 0 0 12| 1616260 12| 1616260
~N—zZu—FEEM | BL 0 0 26| 140738 9| 2508060 35| 2648798
% ¥—ru— FEEM | PL 0 0 0 0 0 0 0 0
L EM 100 45238 216 440320 0 0 316| 485558
Private Use amE & & Totl 100| 45238 242 581058 9| 2508060 351| 3134356
' Grand Total 100 45238 242 581,058 21| 4124320 363| 4750616

Note : Code Explanation BL : for Base Load PL

! for Peak Load EM : for Emergency
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2. MERAREZ—E>

(.
|
[

g B= S 5
1 o ﬁ D fé
dily B N kS
g |2 2
Ha
1,767
3000 120 F 1750
1,630
2500 F 100 1500
1367 1346
1.289
1.250
2,000 | 80 |
1,000 966
1,500 60 |-
750 |-
1,000 40 | 375 )
500 |
500 | 250
0= 0 2010 2011 2012 2013 2014 2015 0 2010 2011 2012 2013 2014 2015
4E Year 4 Year
K8 ¥—KRVzv b oIV / 3—=RKI7010I> K10 BBy Y UvHEY 22—

FT7 201545 —RKV 2y VLYV VIR Ty T
HHEGE R IR T A MEE (kN)

L]
[

S R A5 A b ARE
sl |2 . 6 344
Z18 =5 Number of Units Thrust
als €2 S
2|E S 1 W E#LRKA T A b
=8 “ Maximum Thrust at Sea Level Static Condition
120 120
£8 WIEY—ARIY¥ T LV IV / F—=KTuy S -V
100 100 AERBLOMT) (kW)
yas
'ZSiZe” 0~735kW | 736kW~ it
80 - 80 = *2 *2 *2
W | a0 | D
Application | Units Qutput Units Output Units Output
(kW) (kW) (kW)
60 60 .
I 7 B
49 Fixed Wing Aircraft 0 0 0 0 0 0
39 . g
wof  a0f % 3 NITIH 0 19| 30571| 19| 30571
28 31 Helicopter
2% g o 23 BB BB
20 20 16 1Y Aux. Drive Units 0 0 0 : 0 0
& Gt
Total 0 0| 19| 30571 19| 30,571
0= 0 2010 2011 2012 2013 2014 2015 o
X2 W kA
4 Year

Normal Output at Sea Level Static Condition
K9 s#—Kix7txrIv/ y—K7uy sz
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3. BEigtk
£9 77 ARNOEMAELRE #10 27 5 AR
X M Size X biN Size
JEAHER HAME (mm) JERRBER 1AM (mm)
Class |Outside Diameter of 20104F | 20114F | 201245 | 20134F | 20144F: | 20154F Class | Outside Diameter of 20104F | 20114F | 201245 | 20134F | 20144 | 20154F
Compressor Impeller Compressor Impeller
Class 1 0~ 100 #3457 | #935473 | 93657 | #939575 | #941375 | #4415 Class 1 0~ 100 62 64 64 64 55 55
Class 2 | 101~ 200 37,723 |45,680 | 32,774 {29,930 | 35,294 | 35,810 Class 2 | 101~ 200 29 29 29 29 29 29
Class 3 | 201~ 300 482 643| 538| 574 641| 668 Class 3 | 201~ 300 16 18 18 18 18 18
Class 4 | 301~ 400 134 111 265| 260| 310| 183 Class 4 | 301~ 400 16 15 17 18 18 18
Class 5 | 401~ 500 110 57 73 741 161 214 Class 5 | 401~ 500 12 10 16 14 16 16
Class 6 | 501~ 600 231 294 221| 195| 255| 241 Class 6 | 501~ 600 12 14 15 15 16 16
Class 7 | 601~ 700 282 362| 274 150| 232| 184 Class 7 | 601~ 700 14 17 18 15 17 17
Class 8 | 701~ 800 50 55 58 33 46 35 Class 8 | 701~ 800 6 5 7 5 5 5
Class 9 | 801~ 900 150 214| 130 94 81 11 Class 9 | 801~ 900 11 8 10 10 9 9
Class 10| 901~1000 0 0 0 0 0 0 Class 10| 901~1000 0 0 0 0 0
Class 11| 1001~ 3 24 0 0 0 0 Class 11 | 1001~ 2 1 1 0 0 0
&5t Total™ 39,165 47,440 | 34,333 | 31,310 | 37,020 | 37,346 £ &t Total 118| 117 131| 124| 128| 128
Class 1 DBEEHN % W72, Class2 ~ 11OFFERT
As the Production number of Classl is too many, Total number only
includes Class 2 to 11.
20124F, 20134F12BINE 7 - 72Class 9 DEI % - TClass 8 & L TH:
FEL T2 eI L 722, SIO%ERF L VETIESR L E L,
n
R
fzf s alS
s H|s
s H|s
Z Z
350F 107
#144175
300F 10
250F  10°—
35,810 3@6
200F 10’
150F 107 ne
128
183 214 2L 184
100F 10
35
! 95 11
50 10 1
29
18 18 16 16 17
9
I BN BN BN BN ERE 00 00
Class 1 Class2 Class3 Class4 Classb5 Class6 Class7 Class8 Class9 Class 10 Class 11 &1 #

JEAERESR /M (mm)

Diameter of Compressor Impeller

BLL 20154 B AR o v Bl OV

Download service for the GTSJ member of ID , via 216.73.216.7, 2025/07/06.

Total




313 BAAZX 42 —EFR5E

Vol.44 No.4 2016.7

B 5

B LBHART A S — PR LS mHEE A X > b B

AARHFAY —E VHETIE, TAY—ErBI UM
B cHb 2 LHMEPH VI A, WMMLEZ5
Py NT—=2BELI R ANE LTHEE [ZESH
WEZEHE] 2 b EFE LA, 208 1 BHOEE &
LT, 20164E5 H24HUNC, 1 MHEAF A Y — ¥ v
KLV A X2 D AR H IR E VI TR S R
¥ L7, ZMEIE29%4 T, 2480130, BEs549
Kb TN 7272&8F L7z 7—~13 [GTERDK
A BT 2 LG HEAE OB D ML AR & RS ] T
T WY MARNTIE, SBEHOHCHITOD L
JISE TEMERE T SA, ZEHVNNT—TV AT LR
WHRNNF 2 A, BEIFSERFEADE - MR 7R
NERT, GARHBMAIZRET NI S A, BHEH
TRRT- S A S LCEHANTE 5 & 4 ZHTIE R T ORI EE O
NRT =2 54 715 Y AT 5 THE ORGSR S
TRV EE L, Z0%, BRIHIANGEL =#d
T & E ACHERT H TT O PG HEE B9 2 B D W
TERN LT 2 BT 200 TRV EE L, 1§
I AER OB IS L DEEIC B L RREE LT, &
PEDHEIS A 72 WA 720 1A R WD S e v,

A wif

KAWAGISHI Kyoko

BHEOETNT—AD%\, REDRKOH, WIliE
WE AT LHEZAHT LIV MEXRHY, Zhz
RGPS B 720D v T — 74D ~ORY FLAAH S &
NF L7z 72, Y AT 20X ) THRLIAAN
DEBUEPLETHLEVIERL DY T L. Wl
FES TO BT LHMBELL L, TRENTHEDO Y
TORIDEWHEONIL S TT, BMEDOHL£I12E ) F
LCHERRERZBOS L 2 oTBY) T LAELENT
T

WHAORIE, KWEBHL, VTAES—-T1EXTO
BHSEHL, ZNEFALORKERDE Lz, o/
DOHENTH LICHEILE, LW ERERDFL
720

LRI A XV M, SRR 2 Il % BV CRE
BT 2 FETT, 5HDXLOME WA - LWEHAwE D
A2V MNT=2 & ffoTWIFA L), BEAITTHRME - K
HLTWELWEEZTBY 9,

B, KLGORMELOBBZITOVT IR 2 HY
720RL H 10 BIRE AL EE  EHhw 72 L E 3,
(ZHZEERERAER)

Wi EOHT

— 903 —
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CHEOHZEL, EATHBOZEZRTL LB, TERMZBHVHL LTIV,

LERE - LRE HH BE IR
20164E 4 A 6 Ot (E4ETIRK)

(KR FREEHE]
A% 19724E6

g (28,291)

g (9,10,13,14,16,17,19,20, 258 FI & &, 261 &)

AR (3,4 ,11,12,15,18,21,22,23,24}00)

L S NESYNE S L T O R Y e N g

20074 4 A%ERH

(H&EE]

19594F 3 H PG S YNEE S MRS SR
19644F 3 H

19644 4 H BEME SRR A B T
19684F 9 H Tt (BEFRRE)
19704¢ 1 A OB 22 Bh B
19784F 4 J HORCBRRER 2 3%
20034£ 3 A [7] R e A B A

200344 A Al KIgEEH
20034£11H HOHR R A2 %

et eTeTeTetert ereTeTeT

ST EARA AT ST

- ﬁg hﬁmm

MIHREREZIEAT

e, BEFNI344FE 3 B ICBEID SR K2 T 225
M TR 2 RSN, ZOoRKERELRELZBT S
n, Fl&kiE, WAMMEIR2AECHITFZ2EBOONTE L
HAFI454E 1 H IS BT R K 3 T 22 B Bk T2 RH I Bh 5z
ELTHMEL, Fukl44E 3 @ 4Ex Mz 5 F T34/
Wb DB EINTE Lz, BEIXZERRICHAT R
¥ — V¥ URAETARETH O N2 ER—IB5E L o il 35
2 R EHERRETIE, ERTEREY @RS
NHEBRFEAR S N R HRIEA L IRy — Ko
WFE G $ , BRAE 121X 3E E N — 2 K& O Whitfield
S ERIRIT M 74 7 2 —F ORI E S 5 LFEF
rMEDOONE L DL, HESY— KK
MEICHEDL Y T L7,

BT, HABMESILOHARAT A Y — ¥ v %4874
ETHARWHE I NE Lz, B, ART RS-V
AXTIL, FEEE, MHE BH 2L Aakes0
AEWEBD, FROWEHICKIMICIE IR T L
HIE, F— KBEHOMIERELZEL T, ZO5HEND

JERRZA 20164F 6 H29H
* 1 RRUERIE BRI

ZN T =

THAAEL DGFHIENTAMEZRXZ DB L L,
INEIZE 5T, AN ARSI IEE 0L
TH Y, HEHEBIRS TR T2E o BRI o3
TL720 HRAT RS —E V¥R TH, #HAIPLTHKT
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