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Preface to ""Small and Medium Capacity Industrial Gas

Turbines and their Applications™
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Fig. 1 Typical gas turbines introduced in Japan
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Table 1 Performance of cogeneration (60Hz / 50Hz)

Gas turbine SB5 SB5N
Fuel City gas 13A
Air mass flow kg/s 49 58
Output power ¥ kW 1,090 1,090 / 1,060
Steam output ton/h 3.0 38
Total efficiency % 73 83
NOx 20 15
(02=16%) PRI | 759~ 100% | 50%~ 100%

*Including power for fuel gas compressor 50k W

Inlet air temperature : 15C

Atmospheric pressure : 1013hPaA

Humidity : 60%

Intake/Exhaust pressure loss : 0.981/1.961kPa
Steam pressure : 0.785MPaG

Feed water temperature : 60C

2.2 SB5NARHA—E>

Fig. 1(a)b)iZ, Z N 2 SB5& SBoND Wil X % 713 9
Table 212, SBSNDBHFEIZH 72 ) SBoA LA L 7= 4

FOEREFERT . EAMREIISBS & A U <m0k 2 B
Tharh, 1BE2EOMIZH > EmHgZBEILL
720 WABERHIZSBS &[] U < il TH % 2%, ENOxfL%
K% 7:0 FIREERROYRZITo 720 ity —¥ >
BT 4 B S 3 BNl L 720

SB5N T LA D ATTZH 72 IZIGVE R LT b,
IGV THLAZE i 2 RS 5 2 L I2 X IR TYH



80 IMWHESBENAZZ—E>DRFEEDI—T 2L —2 a3 VR EOBN

AEAHR 2 —E ¥R

3-stage axial turbine

Fig. 1 (b) Cross section of SB5N

Table 2 Main changes from SB5 to SB5N

Elements Changes

Abolition of intercooler
Abolition of bleed valve
Adoption of IGV

Centrifugal compressor
(2-stage)

Combustion chamber Improvement of premix tube

Reduction the number of stages

Axial turbine (from 4-stage to 3-stage)
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Fig. 2 Velocity distribution of 2-stage compressor model
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Table 4 Comparison of turbine structure

Gas turbine SB5 SB5N

Number of 1 3
turbine stages

15t stage
stator and rotor

15t and 2™ stage

Air cooled blade stator and rotor
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Fig. 7 Velocity distribution of turbine full-stage model
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Fig. 8 Velocity distribution of turbine diffuser
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Table 1 Gas turbine Ratings”

Saturn 20
Mechanical Drives Generator Sets
Gas turbine Models Mars 90/100 :
kW kWe veseees\ Titan 130
Y .
Saturn 20 1185 1210 .
Centaur 40 3500 3515 cenaur 40 4 Taurus 70:
x ’. EEEEEER

Centaur 50 4570 4600 & ég% *
Mercury 50 N/A 4600 CONGIIEAD  Taceus 60 :
Taurus 60 5740 5670 =g A
Taurus 65 N/A 6500 Wﬁ- Fkan:250

Mercury 50 _a Taurus 65
Taurus 70 8290 8180 g'
Mars 90 9860 9450
Mars 100 11860 11350 Fig. 1 Product evolution
Titan 130 17500 16530
Titan 250 23790 23100 Table 2 Specification of Taurus 70

. i . Type Open cycle, Single shaft gas turbine
M411319794F X U Solar Turbinestt & D8y r— 3 v .
Compressor 14 stage Axial flow

THERIDOIIHAY = &AL, BthCitit, #4E
T2 AR L ORISR, B & ALA
, HAREWNMIFICEREE Sy Fr— Y28l & LT
flE LT b, AFTitSolar Turbinestk® 8 MW7 J A
D H A F —¥ »TdhbTaurus 701220V THINT %,

Turbine 3 stage Axial flow

Combustion Chamber Annular type

Pressure Ratio 16.5

12 Lean premixed
Dry Low Emission injector

8180 kWe at 15 C
95,150 kg/hr
Exhaust Temp. 515 C

Fuel injector

Output Power

2. Taurus 70 KU RBERE/NY F—7 DHEH
2.1 EEHTT
Taurus 7013 %5 D B % Taurus 600 X EF % H AP

Exhaust Flow

344 % (Generator terminals)

NOx < 15 ppm (at 15%05)

Efficiency

Emission

EfaseAt 20204E 1 H17H
* 1 GRIHUREHE Bl > ¥ — GTHGFIZEE
GT Xy r—Uikitrnv—7
E-mail: uchino0602@ihi-g.com

— 9 —
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Turbine

Reduction Gear

Combustion
Chamber

Compressor

Fig. 2 Taurus 70 gas turbine cross section

2.2 EEES

FEAMGR I 25 2 FEomlii 148 T, EIiZ16.5 01
ThHb,

WBEGHE T =27 —HTH Y, 12KROWREIESF % i
& L7:DLES RO #EFRARBES X 7 A (SoLoNOx)
ZIRHL TS, £72, 2 OMRBERIIIREIES F % 253
THHET, FHABE - WAERE OIS RTNE, B
DERFNERR Y ) B W RE R T 2 7V 7 2 — TV )
KUITHHIBTEETH %o MRBIREO KUK, BRBESHIZAE LA
IR —=FZKFEIZ L TWwhb,

=Y I 3BT, 1BHE 2BHBICEGHRER
ML, 8bi#a—74 7%l Twb,

2.3 REBRERBNvIT-T

SBICHE Sy r— VNREERIE, TAY—E B
AR BT YA T NICEGT - BIELTB Y, Sk
RIS A B R L T 5,

2.4 BEHIES 27 L

PREHRIBE > 2 7 2 1% Solar Turbinestt TEE D H 5 )
X2 P® L7z BT, MRS LU CME IR LC
W5, Fig 3ICBEHRIE S 2 7 2 D RMEE RS 754

Reduction
Gear Box

SPAC Valve

Skid o1 No. 2
edge GasValve Gas Valve

Valve

=

Main
Fuel
Control
Valve

Fig. 3 Fuel control system schematic

Oy MMRERR L X A CBREE R I ORI XD
EAHMEL, RELLBREE I v Y a Y EREO%E
ZHFHLTwWa,

25 BEARERSE

IR F SRR 2 BEMP ST A —E U %
PRFEST B2, Iy T Iy vy —E &2, B
B N2 S5 2 & THRIRMICHREL T
B0, WMLy v — ¥ L OMEENE T $HETD
BIEHTAY —C U RBEEEZ BIRT LI LB TER,
INEBR, EESICK HBRREEEA TS X 2 R
BAMAELTYH, REEBOEGMRGEZELINDL 7 —
AWD 5B o

COBEZIIBZAHT-0, BHTIE IV I Iy ¥ &
AL B R E 2R LCnwd, V7Y Iy s
ZEEE )T MV RERAT ) MRS T, OB & AR
T5Z LT, % bV o ERER LRI ET 2 A5
fEICZ>TWwd (Fig 4o V2 Y I F2HVLEHET,
Fig. SICRTIRFEEMLTRFOY -2 bV 7 23584 LT
b, PVZUI v IRy FTHLETHRAN VY &
HAY = MMNARZT, HEEZH I LA TE S,
Ho, ¥y ¥ —Er R pIEHEEE R, BrE
BRI R B 2 b 72, BRI EERIE bV o
FRREEMULTICTT2UE, 20 F Fidinikiz 45 2
LLTRETH %,

Torque
Limiter
Gas Turbine
&
. Generator
Reduction
Gear Box

Fig. 4 Torque limiter

3. Taurus 70I3@E A & h 2 BFFMT

3.1 BRAMESFR

T =25 —RIRBERR IS VA N TORIRAT FE L
FHES IR 2 BUS T AL, DATA S Rk 2 15Ee L /-
BDOTHAHH, T3IvyarbRERGLZEET L0,
ROYUREITH> T b,

CITUSAF I ADOUR

CBRE L EROBERIEEOU R

- JREL M DY —1b

T/, BEHELEEEEL, AT - 2HE K
BRNCAEE T 2HC, FFEE Iy v v Hgxm L
BETNVD, BHEEHEDOAT T - OILIR & A O It
%% Fig. 6 £ TR T,
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Fig. 5 Effect of Torque limiter

Legacy Modern

Fig. 6 Fabricated swirler and Cast swirler

Rich

Lean

Legacy Modern
Fig. 7 Fuel mixing profiles

3.2 MABESR

T = a7 —RRBERR D T A F— X RO RRBE T A Bk
ENDB2D, BHERRETZI vy Y 3 v OWFHEE HIWIZ,
FTAF—ZEMWH»OEHTLEEEHT A F—ICHEL
TWwb, Fig 8L ICURATHOREZRT,

BHEH T A F—I12F 52 LT, BEERRNOIREE T A
HEHEHZLN L DAL HIEEL 21, A HRBERS
DCOB X HCOAER % #Piil] L, NOAEIR AT 6 7 7y i
PRBERIE 2 &0 Al 2 7 IR Cw B (Fig. 10).
3.3 SPACY AT L

PRBERRN TR T 2 RBEIREY 1L, & L CTHRBESR T
4 F—0HEEGEF &R F72®, Taurus 70TIFSPAC
(Sprit Pilot Active Control) ¥ A5 A ZRM L, HR5E
PR % J L T b, SPACY A 7 &4 13Fig. IR0
SPACN VT %L 25T, 12ROMEESF D) b
D 6 ROBEEEFO/ N4 T v MREIES % 1k, R
BEdr PICIREE & FE AT 5 2 A L, HE S o
WRBEIRE)E — FOFA LT % (Fig. 11),

COMAUSTOR  IMPINGEMENT
WAL SHIELD

FiLM STARTING
sLor

Fig. 8 Effusion cooling (Legacy SoLoNOx)

Fig. 9 Backside cooling (Modern SoLoNOx)
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NOx
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Legacy
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Backside
Cooled
Liner

EMISSIONS

Lean Rich

Fig. 10 NOx reduction operating range

Shut off

Fig. 11 SPAC system overview

3.4 BAMY AT L
BRI OBBERE) % 5T 3 % 729, BAMLO
(Burner Acoustic Monitor) ¥ A7 4 (Fig. 12) % @M
LTW72ds, INEREITROELEZY L72BAM 20
AT HIIHELTWS,
- MRS 2 1) B SR E ) v — IO
CER R U= KN =TI, RBERSN OE T
FEEFMCEL L OUR
INBHIZL D), BAMIOY A7 AICAHRE L T 2Bl %

|
Labelid Condition
Monitoring

System

= Hj.J

Combustor
Dynamics

I_mg\,,'-'-.,_l. 2 Pilot Fuel
ragn Contlol Valve

Fig. 12 BAM with Active control

AEEL, FHllY AT 20FEEZ M LS TWAHHIC
Mz, BREERENC X A2 VY G2 720084
ay MRELT 7 74 T EFEBLL Tw b,
3.5 Enhanced emission control

IH3£ DSoLoNOx > A 7 A 1%, ENOx#f iz A3 ik 722 £
TSI 2350 ~ 100% 1 BRE SNTB Y, 50%LL N oA ST
18, T 1ENon-SoLoNOx3# ¥z (28 ) B 2 TWwWiz, ko
S AT ATIE, ZOWHHEZFRAL P2 L50%
UTOAMERICBVWTHLI vy v a Y IEZUH S
Tw5 (Fig. 13).

UHC
—_ €o — Legacy
E \ — Modern
=
w
s - __ UHC
3 e
0 CoO™ "™~y
£ N
w NOx W
-—— - “\
NOx "{"\\
VM
W
+ ‘\=I=l_p Load
Idle 50% 100%

Fig. 13 Emission of Enhanced Emission Control

4. EHFDTaurus 700DERAEH]
ARG TR L7 Bl % 8/ U 72 Taurus 701k, H
AR E PS5 B DR B IR % 20204F B2 IS FE LT\ b,
72, BRDADI=ZANVKEIA THITAY - I2]H

IR DB AEH ST 5,
5. bWIC

AR, ®HFOTaurus 700238 S 7z Hih O — Ui
RN L7225, S OH R Y — Y 19954 D UR 55 B G LA
¥, WROFAERICL > T EME, EHEME <
Iy va RN EXETEL, SHBISOLD2—
PR LR B L CRRSRZFICIMA, /Sy
r— ko, BEEME, XY TFr AEED
B HEFBE AT D fLA TV E F 95

E
AEGOVERIZ B 72 ) ERHEALTEV 72, Solar Turbines
Inc AFEFRIRICHEEZRLE T,

& E Xk

(1) Solar Turbines Inc.
<https://www.solarturbines.com >
(Accessed on 8" January, 2020).
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Applications of Small and Medium Gas Turbines Provided

by IHI Power Systems

X—J)—K:HFR¥—Vy, a—Vzikl—Yav,

WPJE RS

NOHARA Ryuki

AT B N o )

Key Words : Gas Turbine, Cogeneration, Combined Cycle

1. &8

HERIRBRALAT 3 2 H 9 & L 72COHEH R HI IR O Bk 1%
EBRAICIE 4 B F 0, LR ClRER B EEOE S A 8K
ENo0oDH b, FETHEHAENGET : IV F—~OMHEE R,
KRFEBREFIH OB ) MADTE L T2 25, fFik, f
KROMIFRBEO DI, RIEALABREHCLES &5
ERBRVOPERETH L, {LABREHC L 2BEFE L
L CCOHEHEHIRICHG TEXLHN ALY —E U IEAD
HFEEE V. P AF =¥ 2V id 1 MWELT /NI 5 50H
MWDK E TIRAWL Y I TEbIRTEY, KT
F—EVEFIHEA V75 TR HER—20— FEHR
ELTCoEEZHSTEDIIH L, H/NEF RS —E
N, A ERE R TR B STTRETH
LI, SEEBE L ToRkEIREL, T *
T4 AU, BRI TR SIS BEA SN T
&7zo F7, EHESHNE, SVAMEREOX) v M &
EH L, B HFEEmE~OB oM, FAETiET ROV
F—OENEHEMET L HBCSHHELFELNL T
5o AfaTid, HRRSHIHUE B O #E 3 M /N7 2
¥ — ¥y O#AEFIIONTRANT 50

2. BG4 Fv T

MR SHIHUS BB IS, 1H Bl BBk att, 1B #%
KEMT 14—V F 4 7 v F, BRESHIHIOH FHEhk
WM EREL, EEFICET 2 HELHRE LMK E L
T20194E 7 BT3B LTz HAF —E v Ofl, BEH T 1 —

B, T4 —EN, HRAILY I Vi EO&HETRE,

BERTT FERY o TW5B, Fig. LU SHEAHY 3k
ARG —C BN A v F v ToERT, 1MWUT
570 MWETOEKZ FATY— AL AZESZHiZ,
BEMD = — X2 o 72w B 2 Bl 2 J2 ik L T 5,

Efisft 202041 HOH
* 1 GRIHUSEEhBE Fe 35350
T101-0021 TACH XA A 2 -14- 5
E-mail: nohara6583@ihi-g.com

AFTIE ZoHH» S5IM270 % ' LM60004 A ¥ — € &~
DBWHHEBNZOWTHNT 5,

70
LM9000 *
2 .
LMB00OPF+ 3
H LMGOOOPF i
= 40
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a
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2 EEIMZTO | NGT
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Fig. 1 Gas-turbines provided by IHI power systems

3. IM2704 X 42—E >

3.1 HEBIE

IM2701%, BRRNSHIHIC TR Lz 1Al o F R & —
YT, mDEMRE 2B, s -y 3BE, mT
RA BT R X B ENOx D HLAF KU BE 25 CTREK S h
%o Fig 212HB WM %27~ L, Table LIZACFR M
HE£ %R, 2000 kW, 2500 kW (GEXMES) o
WIZTC, ZROBRBETT v M EMOTELERID
BEHO=—REDLETCELRREET T v ML
T&7 WHICTHREORELXRHT 2. HBETIET
A4 7% A4 703 A MHROT ) HAIZDONTHRANT 5,
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Fig. 2 Cross section of IM270 gasturbine

Table 1 IM270 power plant performances

Variable heat and power
(IHI-FLECS)

System type | Simple Cycle | Cogeneration

Max. Power Max. Steam

) supply flow

Power Output| 2,000 kW 2,000 kW 2,500 kW 2,000 kW
Efficiency 254 % 254 % 28.2 % 249 %
Heat recovery _
efficiency 64.7 % 29.7 % 51.7 %
Total thermal B
efficiency 90.1 % 579 % 76.6 %
NOx (16 %0s) 20 ppm 20 ppm 20 ppm 20 ppm

LHYV basis, ISO standard condition, with reduction gear and inlet/exhaust losses

3.2 IM2704 X452 —E EAEH

HAERIRBES OREZENL, a7 20V Vv EVa—
Vo (EAEE, y—r ) dhilia=y ML L, H&EICH
DY TRBESROAZ AR 52 LT, LHLEEICHE
R TH b, LTFICEBBORRLHHT 5,
3214 Oa—-Yzxzxlb—Y3> a—Yzhl—vav
i, TNFETHR-DSMD TEZIM2I02 A L7275 ~
FCROBZWIEETH D, HAY—E 2 L FEBEIR A
TOMAEHLEIZL Y, BIEHEK2000 kWE 7t 2
AWK 6 t/hOPHE S WRETH b0 H A Y — ¥ VI3
7 AUREE DT < PRI R AT W 72, Ao B RS
TIEER LA VEVREREPEITE S, HIFET
1, BREELARA TOEBAILLY, 75 AREDOBRAER
*O0.1 BEIER L, 20I8FEICT—TV = A KREVYZZE L
720

3.22 BEFEFRIO-TrxlL—Yar EEOI-—
VAl —avidERA BIROLES—ELE LD
720, BRMOEAIHIzo T, EREBHOEFEENS
VAE DY THERE VDL Z EPEETH L, L L
TS, FEHRKETICE o THEREBIOBENS
YADZALL, ZEEPMEGHEE L 2555055, IO
AREICT L, BREBHOLEEZFECE LB TER
@ IM270-THI-FLECS (Flexible Cogeneration System)

RS E LTIRBLTE . SRR L 4o AR % R
BERr (Tl K25 t/hE CTHESTL, ZEEH 22,000 kWA
52500 KW CHINES 22 ENTE D, itk B
LEVE B SEEE A ST W77 H IR A BRBERE~ O
HAEFHMEZHME L2230 TH Y, PEHNOxIZ F
FAMREER L L, 20 ppm (16 %O0445) LUF O
WURETH Do BRABFEOEBPRECTY;, +74 A
YOV OIS L - F B H D 5o Table 1
MR R R R L, Fig 3ICY A7 A% %, Fig 412
EERAERE LRI OBRE RT,

RN

B i :.-EJ.I“QJ(L/—G

/
E R
ESHITRS
18Mpa) \2710%OM)

HAS—E>
fiirS IJ/NTY

Fig. 3 IM270 IHI-FLECS System flow®
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Fig. 4 Process steam flowrate versus power output'?
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X OEAL, FEERIZAT MR X % 8 250 5E 7
FaT VT a—IVF AL TR ELL, I TITHEEK
DMAFBID D 5o IEHHEIZIZ40 B LN O TEE R A
WRETHDH I LI, BELMERLTE, TAS
KT > — 2V AGIRE) ) B2 TE, FFEHIROME
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Fig. 5 Cross section of dual fuel combustor
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FERICILD HLA TV S, IM270I2B W T, T ussy,

¥rA®ED, LCO (Light Cycle Oil) ~®Oxfit% 47> T &
72785, EHETIRL TSRS 5 V0C (Volatile Organic
Compound) %, 7 Y E=THEZOMICICH Y HA TY
5o

1) VOC (Volatile Organic Compound)

YU HOMEEA BT DR EVOC
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TORMNBERESL, FRHAA Y7 28I T
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i\ Z PR ZEHE OB AR BT T o Tw b, fEkiE,
5 L7=-VOCZ ML L 7214, LA B % Al v TREHIL Sy
SNTE, ZOMEMIEDZD, VOCHF> T AV
F—Z BB L L THWA202VOCH & MIM270%THh %,
3.2 2 HTHH L 2K MF Lo MBES 2 T, &
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OHPETEBRECHLEH T ATEZ RS T LD TE,
VOCH 4, B, MILE D)L U TR 7 A B E
BHETaY bu—VENb7z0, BRERTLHE
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Fig. 6 Cogeneration system of VOC energy recovery"
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Fig. 7 Distribution of blade surface temperature and raft
structure of leading edge
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Fig. 8 Cooling air flow in turbine blade
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2 LT, ENOxZI®DLE (Dry Low Emission) #4%5E
2%, mH R OSAC (Single Annular Combustor) %%
Bz OEIRAWHETH %o % 72Dual FuellH It TE %
fl1, =T YWERANOKEGIZ X L MR & O
BEFT 7y ay THELTWS, Fig 9 12 v Y VA,
Table 212 EMEREZ /R L, RIAD S FEE ik~ 05
P E RS Do

| Combustor | LP Turbine

iﬁ? f*\x

&

j > HP Turbine

j LP Compressor

L HP Compressor

Fig. 9 Cross sectional image of LM6000 gasturbine®’

Table 2 LM6000 power plant performance

Model LM6000 PC LM6000 PD/PF
Combustor type SAC DLE

Option SPRINT SPRINT
Simple cycle Power Output MW 434 48.7 4.5 475
Efficiency % 40.1 403 412 413
Combined cycle  |Power Output MW 553 62.1 55.2 59.8
GT:1 x ST:1 Net Efficiency % 51.0 513 53.3 527
Combined cycle  |Power Output MW 1111 124.8 111.0 120.2
GT2 x ST Net Efficiency % 513 51.5 53.6 53.0

LHYV basis, ISO standard condition, with reduction gear and inlet/exhaust losses

4.2 LM6000H X4 —E iERES

Fig. 10I2 40572 8ET I v M EEE R T H
RENIZIMZ, 4, A=A 57 TEROEEND
D, EETEEF Y E—212100 MW2Z 5 A0 T 234
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Fig. 10 Delivery record of LM6000 power plants
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Fig. 12 Overview of 2-2-1 combined cycle power plant
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Fig. 13 Start-up profile of LM6000*

424 FPAEBAEE KEICCHAWRIALVY—-0E
ARDEIML T 2325, JiJ), KBtic X 2582
FHEEEDOT A v b HD 5o KK LFEERA
TAZOICK L CENTFEVZMT 2R ICB VT
X, THRENT  ATEERNHRENE AT B R ETFER L
HER>TWD, ANEEICBWTIE, HEHOMIC
BEEOLHZHRV BT L OBERE/LOFED
VIHE Do T OMEMINHAERBE B RiE
PEMEZ HOM BRI A A ¥ — ¥ U h%E LT\ 5, Fig
HAZHiZelz T A 7 — ¥, BREERAT R Y —Y |
HAL Y Y v OREMBHEMED I 2R3, HALRER 4
) oFEAMER kW/s) BXUOHAEANEER
(%load/s) (ZMZEHEHMAY R & — ¥ VBN D Y,
FFICLM60001E 28 Y L 72 A B2 LT b 2 &
bhb, TORAYy FERERPL, FITKETLM6000%
A=y 7Y =T LTHWRHE6I25H %, Fig. 15
WA= 7Y —=ToOMEKEZRT, F—RA 1%, %
BEA 22 TOOH Ay — v &), [WY5EEIcH
ELThLENELM L CENZMRTA2EROE -2
By bOBETH D, r—A21%, EWFEZ P U IRE
THRERZF AP SETEGENZMRGTELY Vs
OF 23y Fr— LTHVSZ L TEERELICE
Wk, BHEEIGLTHAY -V E2r Iy 8%
TERIZMHT LR, 77— 2 313, WERHEE RS
FCHAY -y 2 BAMRECHEiIE L TBE, FE
IS TEN 2GS 2IETH 5,

1.000 5
200 & Max. Load (x100 kW)
@Ramp Rate (kW/s)
800 DRamp Rate (%load/s) 20
700 o
1
600 5
LH '
= § S £
§ E 400 10 §
2
300
200 05
5 Ll
o 0o

AeroGTA  Heavy duty Heavy duty Gas Engine A Gas Engine 8
GTA T8

@

Fig. 14 Comparison of ramp rate of various engines
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Fig. 17 Concept of preventive maintenance system
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Fig. 18 Reliability improvement by preventive maintenance
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Fig. 1 Twin shaft gas turbine configuration (typical)
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Fig. 2 Siemens gas turbine overview (Industrial & Aeroderivative)

Table 1 SGT-750 technical data overview

Performance Power generation | Mechanical drive
Power output ISO base 398 MW 41.0 MW
Efficiency 40.3 % 416 %
Exhaust gas flow 1154 kg/s 1154 kg/s
Exhaust temperature 468C 468 C
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Fig. 3 SGT-750 mechanical drive package (single lift)

SGT-7501%, &v T ¥ FF I A4 7T 2 ilz7 2
=Y T, FEMEEZOEMIILDTOM®Y TH b,
W& M % Fig. 4125”7
(1) AR

O — 7 \IEBAEHME A R L2a N A M RikEte L

TBY, 2BnEERA X I3B it EMPE CH 24

EEHL TS, FEEEICRT A — T HRiLE

FEITTWD, W74 NVF —ThlELENRZWVIGER

5ELLEGREANOBRBIZIE L 7Y 3 v CHEEA

DA—=F 4 Y THPURETH b,
CIEHER Y — ¥ v (T AFEARR)

22 2 By — U TIEMIRRISR OV MR S Tw b,

BB ORI —T 1~ T i1,
(3IDLE#ABEY A T L\

SIHEDF v =25 —RREES: (4th generation DLE

burner) THEW S5, NOxHEH B (& KR AT AHE

E12T9 ppm (15%0: MEEEHEHE) %EH L T b,
(A —5—1 v

MEH 2BED 7Y — & —© ¥ THEREIER 2B

Nb, A KT ORI NEF O #HiPH 13,050 ~ 6,405

rpm (50 ~105%) T&» v, FEHE6,100 rpm—E &

L¥F7 KRy 7 A% v CRERFRIEE AT 5,

72, Ay aTMIOREELTUTFZEZELTY

%o

(5)Three point mount
3EEFE L, FPSO (F7213ME) D7zb Ay
=Y OBWIRETWINTE DMEE T 5,

(6)Single lift
JEMISEOBBIE D GO T—hROR—27 L —24 12
28— AT B Z & TR o KIRHIK & 41t
ZFEBT 5,

(7)Roll & pitch
FPSOIZE, o LTH (b —7) ffEh (v
FLu—)) o MEEI 2 HHEE T 5,
FINSOFXIIEbE MY AT LA DREE
HHLTWa,

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/05.



Vol.48 No.2 2020.3 SR - SR ED Y — AL REERAHXEZ—E LSGT-750 97

Fig. 4 SGT-750 mechanical overview
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Fig. 6 SGT-750 core engine exchange (off-shore application)
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Fig. 7 Infra Red Cameras
(mapped with infrared (IR) cameras during engine delivery
test and during regular scheduled inspections)
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Fig. 8 SGT-750 first hot gas path overhaul results (conducted in Oct. 2018)
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SGT-750 Maintenance plan schedule

Operating hours (EOHs')
Level C
Level B

Level A A

Operation Maintenance

34,000 68,000 102,000 136,000

. =

Fig. 9 SGT-750 Maintenance plan schedule (typical)
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Fig. 10 El Encino, La Laguna (Mechanical drive application in
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Fig. 11 Encana Pipestone, Canada (Mechanical drive application
in Canada)
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Fig. 12 Johan Castberg, Barents Sea Norway (Mechanical
drive application in Norway)
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AECHEE LTV D, Table 2 Simple cycle performance of H-100 gas turbine.
Fig. 4\2H-100D 2B o [l iz gk & A2 LB % 773 H-100 60 Hz H-100 50 Hz
H-1001X 2 ik Ch B 720, BEEHIIHEIET — % OARIZ Performance Cycle 60 Hz 50 Hz
BRE) % 5 2 &<, K BRI £ TL05 T O Ratedpower  105.780kW 116450 kW
- R Y o Efficiency 38.2% LHV 38.3% LHV
DHEBHETH 2, S 512, MFOFAETIET AV Exhaust Flow rate 293 kg/s 296 kgfs
F—FEIIIHHIE L T25% /min® 2 H i 2 b A3 1] Temperature 534°C 586 °C
ﬁ‘g 'CZ?) 5. Emmision NOx 9 ppm@15%0,
CO %
£ 5IZH-10013 2 BT % 720 BEBI#I T4 5 LPTId — J ppm@73%0,
L R . . e perability ~ Turn down load 50%
HPT O MERHIC & & FIA vl BRI PH T:EITTEETH D, Ramp rate 8,000 kW/min 9,000 KW/min
BBEHOARL O THRWRENHO NI A N—L LTh#L (Normal) (Normal)
26,000 kW/min 29,000 kW/min
Twb,
(Fast) (Fast)
Starting time 22 min (Normal)
10 min (Fast)

HP rotor (Comp. + HPT) LP rotor (LPT)

Table 3 Combined cycle performance of H-100 gas turbine.

H-100 60 Hz H-100 50 Hz
lonl Plant ourput 150,000 kW 171,000 kW
Plant efficiency 55.1% LHV 57.4% LHV
2onl Plant ourput 305,700 kW 346,000 kW
Plant efficiency 56.1% LHV 58.0% LHV

Starting time 45 min

Table 4 Mechanical drive performance of H-100 gas turbine.

H-100 - 3,600 rpm H-100 - 3,000 rpm

Output 144,350 hp 160,780 hp
107,650 kW 119,900 kW
Efficiency 38.9% LHV 38.9% LHV

Main nozzles

Pilot nozzle

Combustion liner-.
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Fig. 2 Photo of H-100 gas turbine. s 7~ / T AL
Table 1 Major specifications of H-100 gas turbine. — Transition picce .
Item Specification Fig. 3 Schematic of low NOx combustor for H-100.
Gas turbine Type 2-shaft heavy duty,
horizontal split casing, stacking rotor
Rated speed 4,580 rpm 140
(HP rotor) Teniti . . . Rated
120 gnition . ated power
Rated speed 3,600 tpm (60 Fiz), = 3 Starting time: 10 minutes .
(LP rotor) 3,000 rpm (50 Hz) 5 100 | '
Compressor  Type Axial flow, 17 stages E 80 :
Turbine Type Axial flow, 4 stages 3 60 | :
(HP: 2 stages + LP: 2 stages) i 1
Cooling Air cooled e 40 1 :
<
Combustor Type 10 cans, reverse flow type, = 20 :
premixed dry low NOx combustor 0 !
2 0 4 6
Time [min]
Fig. 4 Example of start-up curves of H-100 gas turbine.
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Table 5 Specification of the presented H-100 2-2-1 cogeneration

system.
Item Description
Gas turbine Type H-100
Number of units 2
HRSG Type Non-reheat, triple pressure
Number of units 2

Supplementary firing

800 °C
temp. (if required)

Dearator LP steam utilization
Impulse type, mixed
Steam turbine Type pressure, extraction
condensing turbine
Number of units 1
Condenser vacuum 4 kPa abs.
Process steam Temperature 400 °C
Pressure 4.0 MPa abs.
Return water temp. 50 °C

HP steam

Fuel

IP steam

LP steam

GT Generator l

E HRSG

H-100 Gas turbine

Fuel
Fuel

t

Process steam

ST Generator

Air
-t GT Generator Condenser
R ocl
E o @
H-100 Gas turbine
t @
N

Fig. 5 Flow diagram of the H-100 2-2-1 cogeneration system.
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Supplementary Firing) 7 L ®#EiE#ipH (W/O SF) &
QO@@WICHE NI TH Y, kd ) oG oxt
53 %l (W/ SF) 130 @ @ @ Thh, #

O@iF, HARF—EYHEHINITEES LEMHTH Y,

HOTRAERY —Erhookidmd, xRz mA
EL7HDQTH Do MODIIH AL —E ¥ H50%H T
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Table 6IZIHRA IEZ NN OB HE OB NI L
OB RMDRHEL, BENESEERT. k%
LOELAMIIZ266 MW, 217713225 MWtTH 1), 2
BILZ0~08 FTEILECHLIENTEL, BFEE
HHEZ 7 IR N—F — R RET A EICEDE
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Electrical output [MW]

Fig. 6 Range of electrical output and process steam flow of the
H-100 2-2-1 cogeneration system.

Table 6 Typical performance of the H-100 2-2-1 cogeneration
system at the maximum thermal output with and
without supplementary firing.

Item Without With
Supplementary Firing  Supplementary Firing
Electrical output 266 MW 309 MW
Thermal output 225 MWt 292 MWt
Thermal / Elec. 0.85 0.95
Process steam flow 270 t/h 350 t/h
Total efficiency 81.0%(LHV) 79.1%(LHV)

Electrical efficiency 43.9%(LHV) 40.7%(LHV)
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Fig. 7 Total efficiency of the H-100 2-2-1 cogeneration system.
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Fig. 8 Electrical efficiency of the H-100 2-2-1 cogeneration system.
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Fig. 10 Fuel gas supply system in LNG plant.
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Fig. 9 Schematic flow diagram of LNG plant process®.

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/06/05.



Vol.48 No.2 2020.3

H-1004 X 2—E > & @ AfHI 105

4.2 H-100% @A L - #15RE > X 7 LDHR
HWb7atx 2 LTrany FHEREGE a2 %
FIVY, U IR B BRE) IS H-1004 2 # — € > 2@ L
72 AN v IHER % Fig. 11 127R37,

by —=b

H-100GT Propane LPMR HPMR
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Fig. 13 Typical flow schematic of 2x50% configuration.
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Fig. 12 Comparison between single and dual shaft gas turbine.
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Fig. 14 Typical compressor performance curve.
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Fig. 15 Production turndown by speed control.
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Fig. 1 LNG Floating Power Plant
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BHEBERE LToOMFELEEF->TWwE, LT,
LNGHEICHIFE SN EE LCTiE, B3 7)) —
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W RG> S XBEHIEE TOY — N & A 245 & v o 72
MOEERSNTETW A,

F 72, BEHIE ORI B LR E e LTo
FHEL (~ 200MW) BRIFELNGHEET T~ b &, #Hil:
WL XN D2 H BINGHE LY T T4 F = — &Rl
G L7250 DGas to Power~NOHifE b mE o T b,
2.2 HB

W, RiFaie®tt, SuilsamiEoras v
Vv, BXOUHEE (~200MW) BN A5 —¥
YCCPP (BEHA 7 VIEE) 2w B M IA vy T
LTWwWb, INOOFEEAME, FERICEMTF IR
LNGO Jr @ M il 72 © OISl 2 g & L7z 3%
HRALNGEET I~ | OB EHIBEL 2.

Table 1 Line up of Kawasaki LNG Floating Power Plant

Type of line up

Gas Engine 30

CCPP 80

System configuration
of power generation

4 x Gas Engine

Gas Turbine Combined Cycle
(2 x Gas Turbine,
2 x Heat Recovery Steam Generator,
1 x Steam Turbine)

Power output

Approx. 30 MW

Approx. 80 MW

Outside dimension
(Length x Breadth x Depth)

120m X 36m X 6.5m

110m X48m X 20m

R4y 20204E 1 H10H
* 1 JIFETEHRI ALY — - BETT 2 b H o= —
AT X IR 3 -1 -1
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Table 2 Delivery record of Kawasaki LNG carrier

LNG carrier class Track record
Large (> 125,000 m3) 35
Middle (19,400 m?)

Small (2500 m® ~ 3,500 m?)

Fig. 2 LNG Carrier (DFD-E LNGC 182,000 m? class)

3.3 HEHRE

LWkiL, FHEHFEIFEGEL T 7 7 A TR EKED
MERRAT ALY Y Y, HAZ—EU2HELTBEY, 2
NS %FARRINGHE TS » MM Lz, B %
% BN OALAR - AT Z Table 3ICF L %,

Table 3 Standard specification and track record of Kawasaki
power equipment to be applied for LNG Floating Power

Plant

Gas Engine Gas Turbine
Type KG-18-V L30A
Power Output (*) 7.80 / 750 34.38
(MW gross) (50 Hz/60 Hz)
Thermal Efficiency (*) 495 40.3
(% gross, LHV) (531 (CCPP))
NOx < 300 <525
(ppmvd@0 %02)
Track record 166 6

(*) Fuel : Methane 100 %

3.4 L30AHRHZ—E>

CCPP 80 O FHETHHLIAT A =¥ %, FD
L0 ERL T,

1) mExhE

JEfEdoEEIE, ¥ —¥Y ot SiRismo
WHBA R XD, 30OMWRIZB W THFIREOFEE
B E L7,

2) Kr3Ivyvav

PR COERFZEM L LB F7 /KT
I v ¥ ar (DLE) #RBESAN % BB L, NOx#%
2 LSOV ORI & E THIR L 720
3) ECaEAY:

HAY =¥ D+ —N—=K—VIHE6 FDFEIIZ LD,
MR ) LS, E5ICF — N —F— VI B
TEMBFOHTAY - LM THHT, AV TF VR
T % i S 7.

F AR T, AT A Bl I o B 5 R0 e
FITBC (Thermal Barrier Coating) ®DPBi%E7% £12 b HL
DALA, AR EIISED TS,

3.5 ERHBEORETEG

LNGHFARXFEE 77 ~ b, @6, Ju, 9%, d@9%
B EIC X R - SRR EBETAILENDH L, T
No a2 FE 2 72351 5 % Table 41CHMT 5, 2h b
DL, ML O%, RN 2 NEEN CF
Kig) THRELGERHT2ZE2BHELDDTH b,
F 72, BIRREAORE TR L % B 5k, TUBZKICHELE
FTH5IELEL MAT, —ERETEL, HLEED
EUIRRE L CRBET ARG L Lo, HERMIIZE
Fawarte7he L,

VR RAEROCOIREE LT, k=754 — &V AZTEAA Y MRV, MEMONE B, VLR S SRS —EDIEHEICH

52 L ERHT B 700, ARBTG5 B D B\ 13

2 AiP (Approval in Principle) : 5.F S,
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Table 4 Key design conditions for floating structure 4. ﬁﬁiﬁLNG%’%‘,7°5 > b (D!ﬁﬁ&
Mooring Smooth water area 4.1 EfRELHE
location (Harbor, river, inside of breakwater etc.) LT, FHRRXINGEE T T FORBIIH 2o
T, TOWLEMAN»SWE 7 ¥ 7 BT ORI~
Mooring Mooring rope and/or mooring pile WG Ao B = ﬂ‘?’k 12, T A ﬁ% XNn2
Max. 50 m/s BB 30MW ~ 200MW EHE L, T3 FHHDIC,
wind speed (Max. instantaneous wind speed : 70m/s) Table 512 FAHE%Z /R IT30MWH ESOMWH D 75 ~ b

Max. sionif ZHFE L7z,

ax. significant |2 m

wave height (100 years of return period) SOMWH ®Gas Engine 30% B2 L 7&Kk 2 7 A f
1% % Fig. 31389 #ARLNGHE T F ~ M ORE RIS
TWALLNGZ ZF ANn7z1%, e - Jfb- BEET%
fiv, B LRERROTIEIIER, $EEHTD Y27
A t 7:C D Tlf\ Z) o

I_ ......... et t e a4 s e b s e e s ks h s s ks h b — s — e — —_
" 'HV Electric’ "\_ = JETTY AT DESTINATION PLACE
I \_ . Power r_ ........ e e e s e e e e e e e e e e — s —
I I KHI's scope
3 HV g/ Power Plant of supply
i switch Area ___ | Regasification
I I PRI System
: [ LNG Floating Liquid Verar
| | : Power Plant LY ST

I |_Administration ] Start Up Fuel

o House | Diesel || Oil
—— oo oot @ @ @ @ Generator Tank
| I cect [|ceaz| |[eee3| [lcEcs L ! (To ship(LV))

. : Liquid Vapor
I Loading Return
I (To Aux.(LV)) |
i . Gas Fuel Gas Gas :
I ] Pressure LNG Lo_adlng
| Control System Station
I I (Scopeof supplyl ___________
: —————__ RS —_,-:‘~~~
KHI - p . o -
I I —r—q e / LNG \ I——_s'.l_——-. ~Q
: ! | owner .’  CARRIER [ e ;NG Transfer 1 \
i L. =i an System 1 ,
| DESTINATION Q=== | S~ ‘\ /’ (R A -
PLACE I I Option | S~e o ~S__~ R

Fig. 3 Overall system configuration (Gas Engine 30 case)
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Table 5 Major feature of LNG Floating Power Plant
Line up Gas Engine 30 CCPP 80
Hull
Ship class notation DNV-GL + 1A Pontoon Gas Power Plant BIS
Hull type Barge
Outside Dimension 120 m(Length) % 36 m (Breadth) x6.5 m (Depth) 110 m (Length) %X 48 m (Breadth) x 20 m (Depth)
Draft 33 m 10 m
LNG Tank
Tank type Cylindrical pressure accumulating tank (IMO Type-C), made of aluminum alloy

Capacity X No. of tanks
(Equivalent capacity)

3,500 m?x 2 tanks
(approx. 4 weeks of continuous rating operation)

5,500 m®x 2 tanks
(approx. 2 weeks of continuous rating operation)

LNG bunkering

STS (Ship to Ship) transfer

Power plant

Type of major
equipment
X No. of units

Gas Engine (GE) KG-18-V x4 units

Gas Turbine (GT) L30A X2 units,
Vertical gas flow, dual pressure
heat recovery steam generator (HRSG) X 2 units,
Mixing, extraction, condensing
steam turbine (ST) X1 unit

Cooling method

Radiator cooling
(for GE Jacket and balance of plant )

Sea water cooling
(for condenser and balance of plant)

Power output &
efficiency (at generator
terminal. LHV base) (*)

4 units x 7.8 MW (GE) =
31.2 MW
495 %

2 units x 325 MW (GT) + 1 unit x 22 MW (ST) =
87.0 MW
53.1%

Fuel

LNG

NOx (*)

<300 ppmvd (O2= 0 %)

<525 ppmvd (02= 0 %)

Operation load range

GE load : 8 % ~ 100 %

GT load : 50 % ~ 100 %
(Dry Low Emission combustion mode)

Auxiliaries

Utility supply

LNG regasification system, desalination system, compressed air generator, nitrogen gas supply system

Others

Fire extinguisher, gas / fire

detector, accommodation block,

air conditioning, water supply and drainage system

Substation & transmission

Frequency
& Voltage (**)

50 Hz (or 60 Hz) , Max.150 kV

()

Transmission type

Overhead wi

re or cable wire

Bird view figures

Fuel Gas Supply

System (FGSS) R

Radiator

= Switch Yard
Crane

Loading Station

e

\ g

\ ‘
\,

Gas Engine

LNG Tank
Start-Up Engine Room

Main Building(CCR)

Fuel Gas

Supply
System
(FGSS)

LNG Tank

Loading Station

Steam Turbine
Switch Yard

Main Building{CCR)

*)
**)

Conditions : Ambient temperature : 15 C , Sea water temperature : 25 C
Detail conditions shall be discussed and determined by each project.
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Fig. 1 Ammonia gas supply facility

FMiBs 2 /N A R & — ¥ 0 CTHIIET 2 D ASE 4 7 8 IR7
twz b,

3.2 ¥A4OHXREZ—E>

TYERET DHREREE T B Y AT LMD 5 RTE
T2OXMEEE#H Z, REBRICEFREE T Vv E=T D
BEE FOWMEEIAT, TYyESTHEZITHIZ L
& UCIgeRss % BG Lze iEBESSINCHR T 77 A biR ik
TRAED > 72 Z G, KTIBRBED TR & — E v % 8N
L7zo BARIIZIE, I FF—VE VT VRV ATLADY
A 7uaFAy =¥y (K 50kW 80,000rpm, Table 1
Z) DY AT LER—AL LT, MeRBER:, PRt
WA, HM7e 7 2L A —E U EY A
T A HWT, BERBEAT- 72, 38 LB AN
B CHE S, AEBEIIHAERERA LAY A
INELSTBY, BREHZERIIHASSHERT AN LT
HAZ = VPR TYHRENL 2D, EMIEINEI N
DD, MBEAZEROWEILE L, 7y E=Z T KEDIRKE
WCHERBIER & o Tnd,

Table 1 Specification of base micro gas turbine

Manufacturer Toyota Turbine and System Inc. (TTS)
Cycle Regenerative cycle
Shaft Single shaft
Compressor Centrifugal one-stage
Turbine Radial one-stage
Rotating Speed 80,000rpm
Electric Power Output 50kW
Fuel Kerosene
Combustor Single can,
Diffusion combustion

3.3 HRE—E ks

AL RFDOIEBIIEIZ BT, HEN—FTIE7 VE
=T KEORKIIWETH 5D OO, FERGHIRBER X7
VEZTREDREDPEETH S EHRINT NI,
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(b) Prototype bi-fuel combustor (Step 0)

Gas fuel (Ammonia, Methane)
4 Added holes

for bypass air
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'
Gas fuel (Ammonia, Methane)

(c) Remodeling points

Fig. 2 Prototype bi-fuel combustor
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Kerosene-gas-fuel burn
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¥
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i S = T I
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Start Time

Fig.3 Startup sequence "V

Table 2 Startup sequence "

NH; combustion procedure CH,4-NH; combustion procedure

Process Fuel Process Fuel
Start-up Kerosene Start-up Kerosene
Increasing Increasing

Kerosene Kerosene

electric output electric output

Opening fuel gas | Kerosene+N | Opening fuel gas Kerosene + CH,

valve H, valve
Stopping Stopping
Kerosene NH, Kerosene CH,
supply supply
Stasrﬂng NH; CH,+NH,
pply.
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W% EFCTwuo/zd, 40kWEBZ BN D245
728, WEEE % 80,000rpmiZ FIFCTw 5,

7 VST HEETERTE 2 REMN I OMPIEFig. 5
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Fig. 6 Emission of ammonia combustion "V
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