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Fig. 1 Difference of cycle and structure between for gas turbine and reciprocating engine
(Courtesy of Kawasaki Heavy Industries, Ltd.)
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Fig. 2 ‘Perfect’ effect of natural gas fuelled ship
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Table 1 Categolization of marine gas engines

Mono-fuel DF (Dual Fuel)
Medium-speed 4-st. | Existing Popular
Low-speed 2-st. MNonexistent All
Lean-burn (pre-mixed) | GI (Gas Injection)
(low-pressure gas supply) | (high press. gas injection)
Medium-speed 4-st. | Currently all Possible but
not yet applied
Low-speed 2-st. Existing Existing
le type Diesel-cycle type
gas engine gas engine
W e N— b
! Pilot flame W —
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‘ Flame propagation

in gas-air mixture Gas diffusive combustion

in high pressure air
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The generation capacity greatly dropped under the

influence of fuel price increase and Lehman shock, but, —
10 | after East Japan great earthquake disaster, value of the
cogeneration is reviewed and the market gradually
recovers.
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Table 1 Examples of exhaust heat recovery appliance
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Table 4 Implementation example of smart energy network
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Table 1 Qualitative comparison of gas engine and gas turbine

Gas Engine Gas Turbine
Heat Cycle Miller Cycle Brayton Cycle
Parameter for Heat Efficiency 2 " .
Improvement Compression Ratio Turbine Inlet Temperature
Applicable Range A few hundred kW~~~ 10MW A few hundred kW~~50MW
Power Efficiency 40-50% 25-35%
Total Efficiency 70-85% 75-85%
Exhasut Gas Temperature 300-420°C 500-550°C
Noise@1 m away 85db
from machinery Tra20m (High frequency range is predominant)
Vibration Control Needed Not needed
Maintenace Interval about 2,000h about 4,000h
Chief Electrical Engineer/
Required Chief Engineer Chief Electrical Engineer Boiler&Turbine Chief Engineer
(Over 300kW/Over 1MPa/No enclosure)

EhizA 2016487 H15H
WA AL V=7 ) 7)) 2a—2 a3 v AR
IANF—V ) a—3a s AR —T =T ) T
T105-8527 ¥sXifEs 1-5-20
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Fig. 5 Mid/Small-scale gas engine co-generation
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Medium Speed, Diesel Engine, Gas Engine, Wind Power
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PNVFFHIEMAB X OCBERORM T 4 —E VT v Y
Y, WALV v BEdT 57405 FDXA—=H—T
H 5o UHIZI98EARIT BIFD /N IV F FHEAEE L T
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Table 1 Specification of Wartsila diesel engine and gas engine

[Engine type W16V32 | W16V34SG | W20V32 | W20V34SG| Wi18V46 | W18V50SG
Diesel or Spark Ignited Gas (SG) Diesel | SG Diesel | SG Diesel | SG
Number of cylinders 16 20 18

Bore mm 320 [ 340 320 [ 340 460 | 500
Stroke mm 400 400 580
Frequency Hz 50 50 50 50 50 50
Engine speed rpm 750 750 750 750 500 500
Output per cylinder kW/cyl 500 500 500 500 975 1045
BMEP bar 24.9 22.0 249 22.0 243 22.0
Average piston speed m/s 10.0 10.0 10.0 10.0 9.7 9.7
Engine power kW 8,000 8,000 10,000 10,000 17,550 18,810
Generator output kW 7,840 7,840 9,810 9,810 17,190 18,470
Electrical efficiency % 46.9 48.8 46.9 48.8 46.9 49.5
Generator output (+TG) kW 7,960 9,930 18,690
Electrical efficiency (+TG) % 49.5 49.4 50.2
Starting system Direct air starting Direct air starting Direct air starting
Lubricating oil pump Engine driven Engine driven Engine driven
Cooling water pump Engine driven Engine driven Engine driven

Generator output and electrical efficiency are with engine driven pumps at 50Hz area.
Electrical efficiency is +5% tolerance, generator power factor 1.0, TA-LUFT, MN=80 (for SG).
+TG means electrical output from Turbo Generator is added.

JifRsett  20164E 7 H26H
HAZZERH BERFERTR 77 2 b - AV F 5T
BEIN—T
T559-8559 KPR ifEZiLIX ML 1 -7 -89

* 1
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Fig. 1 Picture of W20V34SG
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Fig. 2 Picture of W18V50SG
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Table 2 Ramp rate of W34SG
Operation Idling Minimum | Continuous Load Application Rejection
Mode Operation Load Operation Loading Speed Recovery Loading Unloading Speed Recovery | Unloading
Rate Variation Time Interval Rate Variation Time Interval
1 |Parallel with 5 min *1) 0-100 % 100-0%
grid (Automatic /90 sec /90 sec
stop) *3) *3)
2 |Island (Isolate) 10% more than | 0-28-45 5 sec 15 sec 100-0% <10% 10 sec
(Multi unit) 2 hours 30 % -61-74-85 /2 min
5 min *1) *2) -95-100%
3 [Island (Isolate) (Not stop) 0-28-45 5 sec 15 sec 100-50-0% <10% 10 sec
(Single unit) -61-74-85
-95-100% 100-0% <10% 10 sec
/60 sec
*1) No load operation duration is limited to minimize the risk of miss firing and resultant exhaust duct explosion.
*2) Normally 2 hours, and it can be prolonged at emergency cases such as island mode operation.
*3) HT water temperature > 70°C (3.5 min @ >60°C and 8 min @ >50°C)
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Fig. 6 Gas engine and wind
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Table 3 Design parameter and cylinder configuration of W31

Design parameters Pure Gas Diesel Dual Fuel
Bore mm 310 310 310
Stroke mm 430 430 430
Frequency Hz 60 50 60 50 60 50
Engine speed rpm 720 750 720 750 720 750
Output per cylinder kW/cyl 530 550 590 610 530 550
Cylinder configurations, Marine 8V31 10V31 12V31 14V31 16V31
Cylinder configurations, Energy 20V31

W SRR AT 4 — ¥V LDF T —, BB A B R
MSGEDFTHR—DEV 22— VR o5sTWb, T4 —F
)V, DF, SGASE UENDEY 2 — V2 RATHI &I Specific Fuel Oil Consumption at 85%*
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Fig. 1 Sodegaura Green Power Plant
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Fig. 3 Cross section of combustion chamber

Fig. 4 Green Gas Engine
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Fig. 5 Example of gas composition

Table 1 Main particulars

Type KG KG-V
Number of cylinders viz [ vis viz | vis
Bore mm 300
Stroke mm 480
Engine speed 50H2 min’’ 750
60Hz min™' 720
Generator output 50Hz kW 5,200 7,800 5,200 7,800
60Hz kW 5,000 7,500 5,000 7,500
Electrical efficiency 48.5 495
NOx Emissions *
200
(Corrected to 0% Oxygen) ppm
Supercharger 330 320
exhaust temperature
Load range 35-100

* Natural gas : LHV 40.6MJ/Nm®
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Fig. 6 Knocking detection system
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Fig. 7 Image of the calorific fluctuation (t;<tz)
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Fig. 8 Continuous load step and rejection test
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Fig. 9 Transient load test for cold condition
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KG series development and launch in the market in 2007
Electrical efficiency : 48.5%
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Application of variable turbine nozzle area turbocharger
in 2010 (KG-V series) Electrical efficiency : 49.0%
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Application of low viscosity lubricant
in 2012 (KG-V series) Electrical efficiency : 49.5%
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Application of combustion chamber optimization in 2016
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Fig.10 Development
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Fig.11 The difference of turbocharger system
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Fig.16 Image of the advance of ignition timing by new fuel
injection nozzle

Fig.17 Test facility in KHI Kobe Works

Table 2 Test specification

Test—1 | Test—2
Engine type KG-18-V
Generator output [ kW 7,500
Engine speed min’' 720
Lubrication oil SAE#40(Not low viscosity lubricant)
Auxiliary chamber Original New design
Fuel injection nozzle Original New design
Load 100%
Place KHI Kobe works
Natural Gas
Fuel gas

(A13 base. LHV : 40.6MJ/Nm®)
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s |
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Fig.18 Result of comparative test
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Fig.24 Monitoring room in KHI Akashi Works

5. ¥&8
KGEA AL YT V2B ALTUkR, 274 F
TV =Y HAL Y Y PFERECE 2k L THEML TW»
%o
SBRIBFMA ALYV ORSE - EdizHIEL
ToT % BRAl U CHE I i Je O — ¥ AT CTOHLFE S # D T
T<FRETH 5o

6. 5IAM

(1) BAREE, W, MEEa:, J8iLw, BPreei,
WERNET ALY DY T = HAL D v JIlE
THi#k, No.l73 (2013), pp. 18-21.

(2) Sakai, Y, Sugimoto, T, Horie, T,Iwasaki, H, Enomoto,
M and Fujiwara, K, Operational experience and new
development for high performance of Kawasaki Green
Gas Engine, CIMAC congress 2016 Helsinki, Paper 150
(2016).

(3) Sakurai, H, Sugimoto, T, Sakai, Y, Tokuoka, T, Nonaka,
Y, Honjou, M and Horie, T Newly Developed Kawasaki
Green Gas Engine - Top performance GE CIMAC
congress 2010, Bergen. Paper 189 (2010).

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



363 AEAHAR 2 —E 2R

Vol.44 No.5 2016.9

it » B —

VI VERARET -V

SN —UN—VIFG—H AL I NFTAL YT VOB

P Nl !
mIE
TAKAI Atsushi

X—TJ—RKIT7RNVANIT=FA IV, B SR, BRI, SHeE
Advanced Miller Timing, Heat Recovery, High Efficiency, Electric Control, Turbo Charger

1. ¥
BUSAMEIRSR Y = — VA RO E SRS, KR
AGWIESHOEE LB E LTHEHIA TS, —
7, BENCBT B BHEEOEREGER K ER SICL A
e P HONBRA~OMLOEE D IL, FEORVWT AL
F—MHE, whwd “AX—FZAVF—Fvy P T—
7" OEEWEFTEITHL LT LIS
bo ) LWHROM, KRK A Z GO % O 7 ZBRE
ERHWRE R A ALY Y VI, BWiEEMERE, AmEt
PEEAFL, PEAEIUCL 7L F ¥ 7 MISHIBTE B )k
7*5, CHP (Combined Heat and Power plant) Zi& U
DETIRART TV r—3 a v RlgE i TR
HENTBY, FRORWIANF -V )a—T 3D
A HRE RO —D 2 5N D,

WA TI1X305 ~ 1500kW % AN —F Bl AL Y Y
YGSR &3650 ~ 5750kW# HN—F B AL vy
YKU30GSIZ 54 > F v 7L, MBS ERBER? S
Migk, THSEoayztrl—YaryyAFs (BWUFHA
a—YxA), FEAREET THOITRTH L, h
LOFNALY Y VTR L BIEEZ A L, T
W2 ETZEEZMIL TS, ARTREE ALY
TV OERIFACHEMOWTRNTT S,

2. HRI O D4 v T

WAL TR KAE SR T R 2 $R A U 72 Bl 2 5 A PR I5E 77 A
T VY YKU30GH! K O"GSRE! % 19904E W HA £ 0 Wids 12
A, BEEEBR L7z, Dok, #hEEE Mol a8k
L, 20004F1cid~ A Z7axsfiay FEKRHRAZBRBL,
AR, E % FEB L ZKUSGAR A AL v ¥ v DR
FEMHBL, BOENY 2T 2EE L, Cho T AT
VT ORI TH HKUSGSI K U'GSRIZ, RI=E %A
T % RAC R KA HIRBE T K2 SR L7283 4 94 7 v
HALY Y v THhb,

Ffszt 20164E7 H 6 H
%1 ZFEELIVIVEI—FRFr—I W
IV v - TF TR B
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2.1 KU30GSIHZRI>T >

KU30GSIiZ W W HERhH & & b 12, FESaN < CHP
REDT TV = a YT 5 X)) ERBEZED
52 ETHVWRAMFELFEIL TR i), &
K5,750kW D i) % 43 5 KUS0GSITIZCHP & LA Z,
HEH LUV BBEREELE R ENOBH=— X% v, &
DI =—=Ax L, BEDELZHOMTREEL NV
D495% % F2BL L 72 KU30GSI-Plus & #7225 4 ¥ F v 7
L7:W, KU30GSLIZTF 4 —¥ L& & HKUY Y — XHEH
LEBE A AL L, 104EDL B RIS X 0 B EE
% 923 L 72KU30GATI B & b #5980 % 0 it & 2
LLCTw5,

22 GSRARI>I >

GSRIZE T D#80% % 74 —EN T v Vv &G L
TASHENE & 5% B ORI ERIL 2 R o 22 m s A T
YUV TH B, WILL000kW & 450kW D 2 ¥fi % 5 4
F v FIEM L 72D TRAT 5o

2.2.1 1000kKWHZRI T2 10006WZ 5 A TH D
FEENHA23%, KAEIHT8S% % MK L 721,000kW 4 A
IYYVERFIENARE LR LAY vy 7 A bu—
AL B2 X B EEIAL (BEEEE930kW—1,000k W),
BB ERM L - ZEROCRIZERK - ¥ —KF v —
T x EowadAl, WA E AN O & ELo # A X5
REMEoOME, FrYroEiEi (1,500
min!'—=1,000min!) LB XAV FF A2 A MER, &
BN LR, Ty 7 aX MK, EAL
M2 BE WIS % 72D DI %2 HE k& & g LT 345
BT A E RIS L E5I12, RNy =YDl
RSB HINT 5 2 L2k D, B KRR S
REANDY) TV — R, REEEANOBRE % EDEH %
D, TNFTCURICIBANBES FIEAWZETS X
I L7

2.2.2 A450kWHRI > > 5006WLLTFZ 52T, it
R DISENZHA2% & ER L 72450kWH A v ¥
WA AME LR L, BEMT, BEMER
b & AENOxAL % [ (2B T & % RBEAL BE o 158 1L,
EAIREEEEOBH 21T 2 LT, miiifb (PR
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Table 1 Main specifications

Model GSR GSR2 KU30GSI | KU30GSI-Plus
Number of cylinders 6-16 12-18
Bore/Stroke mm 170 x 180 170 % 220 300 x 380
Engine speed min™ | 1000 - 1800 1000 - 1500 720/750
Generator output™ kW 305 - 1015 380 - 1500 3650 - 5750
Generation efficiency®| % 41.0 - 434 46.5 495
NOX (02=0 %) ppm < 320 <320
Engine mass t 2200 - 8100 40000 - 60000

% Using a standard gas complying with ISO3046 and MHI recommendations

L LRVOEKNOX L (=¥ P ¥ HIH0.= 0 %5
NOx <200ppm) % FEH L7z T/, EEDS500kWLLT
7 I ATIE, WRHOBEGXGEHH2EA v 57— —
SYATALEEERERA SOBMICLY, BEWEE
815%F TH.E W7, F72, MABE RO EEAL &
WS 27 A OR#bE T) 2 LI2X Y, AR A
wA1IkWHH 2, B EERICZ < OB oM
REIC R o720 HIZ, MEFEOBRNRELZEZREL, Hzic
Witk =y b DB, ALLIN-ONE/S v 7 — JHH, 7
By =V NEBORIBARORIED E LFE%21T) &
LT, FREWNMELMORBEEEE IS L T30% (FEX
SEABIALAER), 40% (ZiE/K IR HIR L 72,
2.2.3 GSROZDMOFFHELVSHDEHE GSRY
ALYV UL, BHBHKOAT ALY Y o, RKAKR
KEF LU= — X235 K L 72BCP (Business Continuity
Plan) (ZXMISTHER 9 VT — O AL TV T
£ vFy 7 LTwWD, T/, WithHiE 3BOS (Black
Out Start) BEREZ R CTHY, FiKEAMND L VIIHRLHA
FACHHEARETH Do T, TV, BRI
B CHE AT, BCAE - WA AT O Ik D g E
v MIRL, "FRIOBH), FRORE, ZRCEE
RNy TR0 a 7 RSEEE Y b
“MEGANINJA (B&pafs)” =% L, 74 v+ v 7
WA TW5, iERDFEBELY PTIIREL T2 H%EE
BllEE CTAR LB BREDO BB UETH - 7225,
MEGANINJA T2 EBIMDO A 7 5 3K+
GBS TV ARVWIIX T, ECREZHGL, &
NHEBEEW S =— X HEH IR TE 59,

F 72GSRIZ IR A F11,5006WTd - 7245, 2 MWD
WALy YOFTALY VT 5HE=— X525
72, FEEMFAS% ® AL L7-GI6NBE 0 f 3 %
FEhE LT 57,

ZNBHKU30GSIEGSRE A G LR T-HEEBEDOT 7
Vr—3arTiR, BIGERIEDLDETHERRNT T ¥
N OIS HET, 20Kk D b OB H B 2 72
LA CTORBRGE»RELREE T 7~ ML EBTRETH
o WIIWKEEN ALY VYOI vF v, F£1IC
FEFILE RS,

1 500kW

Fig. 1 Mitsubishi gas engine lineup

3. BREHRI Y OREHIMN

ULAE, BRI OM EO720121%, ERBEE I LE 3
T—HA T VORRAP—HENZ LY FTHY, KR
M I T —H 4 7 VEEHT 5720 EEREE T~
ORIEHEREND, Thbb, /v Fr 7T 5%
FEDRERE L B E T OB == OMEE DB it 7
Y D
KU30GSI-Plus Tl / v F ¥ Z B EE ORI LR E
DORNVRBER IR L, KEAEIEDOEN L RBEE 5%
U L CHIBR L, BRBEENORER DAY —% it KBRYE
Wy B kel e Lize $RICHEN TR S B8 7 A13A
I AT AMili6b L W DORIKA AL ARIEKL, 2 vF T
WEEHT T 2 EEDRHET v 7O LTEEE 25,

72, I TV A I NVERDDYGE, TRCHEDYE
TR T 2 LN DY, EEERIE LML s
LEWRERETIZER L 2% 5 v, KU30GSE-
PlusTIX 2O X9 e EalfaE, SxhE4 BiRLB%E S
7: ZZ#MET-MBRLEA A R T2 2 LT, SRED
FBEFEH L7

EHI, R ARORBAT ADBEPIZER L, ®
- VR b ERRBER N O MEERZAE 2 HUE L TR L
RISIEILER AN, YA NV BRR EoR#E{bE1T) 2
& T, THC (Total Hydro Carbon) #ft3IZIHE~RTK
PEARIR L T\ %,

31 PRNVRMIZ—243I27

Fd, MMV LKET HREEIT—EERETL,
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WEADTA IV T REZTSEOENIES, B
FERHER 2K 2 1R T 5, ZBEOBFIE L R NE L
FaEr L, 39—%4 3 Z7ARUMATHRED %25
BEIFT—FAIVIBOr—A%RLTVA, 35—
43IV ZATIEEWNENDOZBNEZ /R $COV-Pmax
(BRBEETI DN T % 7R3 HREE) A5H50%K T LCh
D, ZOBOBRIEIZR 1 pt%r\e BB ATR

74V T OEBIBNFETO—EHN EHEINL D,

TRINEDOZBNI S L TSR L EHRTIE R nwEEZ S
Nb, K3IZA, By 4 I 7 TOPFP (Peak Firing
Pressure) DIFMBEREZRL T2, ¥4IV 7BT
RIS WHINE I O EDSBD S, O
PDELRERERLTVWEIDEEZ LN,

Case A Case B

Intake valve lift

— COV_Pmax
- o - Efficiency
Tma\ |

5
£
B

=T N

Case A

Fig. 2 Comparison of Miller timing effect

Case A : Proper miller timing

Fig. 3 Comparison of PFP trend in different intake valve timing

NS DR H A 5KU30GSI-Plus T, #5570 B
FAIVITRRDIIT—IAIVITAER—RE LT
bR X Y, BB lboESRE R L7z, 72, B
BEDREREENORRELI D ) v F v 7R X BB
SR OB R IRE LA BB L, Sin o BIWE EEN
FIZdHFG L5, BRI 2k, AWE
B R HIKIE 22 E ORISR LT 2 H§ %0

NS RE & 7o 720 HRIC, BT L5 - BRI O
B 70 R8I 228 L, Sl ke B - Rk b oAbis g
52 ENUEETH 5,

3.2 BEiEHEEOM L

WD IF—54 IV ZAZERTLZ0IE, XD
EWIEIIC TR VBRI R & Feodfatk s sk s h b,
KU30GSI-Plus T, Edfat&xh =5 > i )1 k5.0%
#E T 5 ZZEMETL2MB#E#EZ B L T 5, B
DI, BOWENROATHR L, FEHIFEE T
ORI TH b FIBDIT—F A4 I V712
YT 5 E A TR ERIERE IR KbTE 5 L9, 1
B, HE~yF oy L. K4 ICZEMET42MB#A
PO, X511 EAER AR RO AR T, #@
MBOEMEROEE 2L YV ichbe Tt L
el BEUY— T U IHREOUEECH L\VEi % 8
ML, BEDLRETcoGERMFELm L, L5
PLETH 2 pt%eki L7 2 & 13, KU30GSI-Plus? %
B FICKECHFS LTwb,

Fig. 4 MET42MB turbo charger

Turbo Charger Overall
Efficiency [%]

J azoen

~—Improved spec.
= Conventional spec.

35 40 45 50 55
Compressor Pressure Ratio

Fig. 5 Comparison of turbo charger efficiency

3.3 ERTROEL KR

CFDf##T % B IZR G DI04 R MRBEIZ T G- L % i
fr 28R 23T, EEIRBEOPIH] R RIRA A DRI
HITH L, B4 MEKEMOR LT EBI S5 LA TE
720 FRITIMBER N OFRNZZRIZ A o 72 IR AR PRBER Y]
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DRELZDIEZIRD 1%, BRROEAL L & HIZHFIRSE
DFENE S %D, HEK, YU TNy FORKRDOREEL
PRI Y o7y FRY 22— A 2% L, KU30GSI
2 L TR AR (THC) % #930%MK0 L T & 7278
A, BRBEENOMBRRL A N V) OGO R 5%
FIZXY, PEAARORIRIT A 5% BWITHI30% ML L 720
(H6)

.\ 30% Reduction
-+

30% Reduction

THC (raw) [ppm]

./'/
/

o

P

/

2009 2012 2015

KU30GSI KU30GSI-Plus
Old model

Fig. 6 KU30GSI series THC reduction

4. HAI > 2 OHeEF A

YHTRZANF—OFRFHEBEL, TAZVY
Y HARD BT O AR & A G o 2 PR R 2R
ML T WAL Y Y Y ORISR % DT
Wb,

4.1 HRESSEKDhERYF A

HAI—T AT, R, WK, GRNOHEEFH
DEET S L0%E MR HBENEIRONL, —F
5000kW 7 5 A DKL > 2 ¥ 7 & [ HE 7 K & 1
IEFIE K T EOHRFEEHRM TR L2 A RIH
MATERWIr—AbH b, TANVF—OFRFIHOBLL
Mo, ZD XD LEREKOERFITE:DIRENSHD
HEO—DEEZBEND,

29 L7amFEADF ALK Z HiE L, KU30GSIIZ
T Y rimHkE A LK BN O#JEE LTI
LHAEHME LHAN B2 D TE 72 REZETI,
IV Y UEHAROBOME#120C F T, KEHEK
DD LTRRET DI %Mo 72, 20114E
¥ CICHE B COMBERBRZE T L, 2012480513
LRI TCORBICL VP VY - VAT A
OREHEN - WA Z ML 20308 - & - oMb
TR AR L, 20154F 5 BIZrEm b L7z,

bz d 2o Tld, MERKBEREBEB L Z20%
TSR S N RREMKRE SRR 4 O 27 A
e 3T52LT, EHAKRAL FHLOEIGELREH LT
0.78MPad £ ) COELAMIN A FEHR L, HWHEZIEKL

RGO AR &AL, S E TERASH,
=il TSRS, MoK St B i

Fig. 7 The gas engine cogeneration system (CGS) with all
steam recovery

TWw5. ZO/E, AREMHESEOER %2 £ L
TH 7pt% U LT ) F—% KIS 2 2
EHUREE 2 ), T+ AR B DRAR)E TT0%H 2
FER Lz, (M7)

C OB ORI FITIC S B TE 2 8kIC, BT
IR B BB B e R e R A O L, BRBEYEEIK
FEEE RS 2 783k & 0 #920-30C LA 285 2 &4
HBE o 7ze — MBI EIKIREEDSE < 72 % & PRIGEA
DHMT %728, BB EEENOBESLEE %5, IF
WCHAREND X9 % 2 & MO ERE T A 2§ %
WEIlL, ERTORENELEENNZRT I LW
LREICERTELVWHLEZ OND,

B I ENK BB Y T 2 90C 22 5120C 12 B A7 &
VIO BIEERDEACZ TR T o GrHUKEEE I IR A

HT cooling water temp. [[— 93°C
(engine outlet) | ---120°C

Heat release rate

Crank Angle

Fig. 8 Comparison of heat release eate

_— OO _Pmax
a & Efficiency
L] L

g g
£ $
o

22°c 120°C 120°C

Optimized
Case A Case 8 Case C

HT cooling water temp. (engine outlet)

Fig. 9 Comparison of COV_Pmax and efficiency
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HEAARONG, T, RBEEOREEIRE O LA

X0, KRREFEVHRL b0 THLEEZOND,

X 9 124N = & COV_Pmax % /R, 2240 & 14
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WCEBbDEHEESN D,

M0 EREARBEORBED b L ¥ FF—% 27RT, &
BT 50 TUD D, WHKIEES120T 12
FET L FETHIATHY, BEELETIO ML Y P b,
WHAKREI20T 2BV T BE RIS S, M
O EIRDS T RETH S 2 L Sbh 5%,

4.2 WAWALBREBFIBAT7 IV r—2 3> 06
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ALHEDTVWDE—F, BHFEORELXVTHIEIZIT T
F—a vl LTHEMICAHEIN T80 H %,

K11 KR A A % BRFLE L 7218KU30GSI % % & L,
<NV F T F V=R RIS T C OB KRER D L
THAL DT bO—BlERT K7F ¥ Mk
FE O RFHRENICIRE SN, 20124E X 0 SEH % Bih, J6%

System flow
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Gate valve
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S ETEY
Engine speed
lrpm]
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Figl0 Trend of HT cooling temperature 120C

5
Eind e Output{Net}

Chilled water

P Aoprox. 3500 kW

e Exaust gas
Fig.ll1 Example of exhaust heat use (KU30GSI)

s PRV
| “is | Gas engine

(md?:y .
13A-LPG

Fig.12 Example of exhaust heat recovery (GS16R)
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F—7— K : MARPOL 73/78 4c#y, HE 7 2B, BRBENER (ECA), RARFA, ALY I,

xRy, ZeREHIE

Gas Engine, Knocking, Air-Fuel Ratio Control

1. FUBHIC

AR, BREIME L U CHERRBRLISH T 2 KR
T o, EBEEECBWCHOREES A (GHG:
Greenhouse Gas) X & %W fb®W (NOx), ¥ ¥ M1t
W (SOx), HKiFHRWE (PM) O K& G E ok
BHIDSEA TV D, A 5 OFEH 7 ZABFNZOWT
(&, 19974F IS EIBR SRR B (IMO) 128 v TMARPOL
73/78%Ky (TGPl 1k 4e4) (CRH@EVI & LCaEm
B, NOx®SOxIX20054E5H 75, e bkF#E (CO.)

—
TIETAI—E Y
N ~ ~S N 2 p =
= N
A AL Y ¥ v OFAREED 3
P fET!
NISHIDA Kazuo
MARPOL73/78 Annex VI, Exhaust Gas Regulation, Emission Control Area, Natural Gas,
I I ]
co cor3 COoP17 CoP21
2 (2008~2012) 2020 target: 25% reduction /| 2050 target: 80% reduct.
[ eeon ' EEDI EEDI
| ] 10% 20%
IMO Tierl IMO Tier2 MO Tier3
NOx | 9.9-1!? | ?.?.1: | ' 2‘3.:
Ifkwh El;n Tierl EPA Tier2 ] EPA Tier3 EPA TI;!‘
| 9.8-17 l 7.6-11 l 6.2-11 | 18
|
EPA Tier2&3 EPA Interim Tierd [ EPA Therd
PM 0.20 0.10 0.03
g/kWh Black carbon regulatior>
I IMO SECA & EU Ports | IMO SECA. IMO SECA
Sulphur : 1.5% ~ 1.0% o.ll.x
% l IMO No-SECA ‘ IMO NoSECA ‘ IMO No-SECA
45% 3.5% 0.5%
2005 2010 2015 2020 2025

WZOWTIF20134E 1T H X D B S, Wi b
FERIZBIRI 23 L S LTV B,

C OFEA AP LB — el & PELELH Ok LR
E 18 (Emission Control Area : ECA) 4812 ] Bl 4h
WP JEME DS 2 0 B, BUEECAIZO v Mg, @
e, @AekiEE N7 A MEET) KUO@H ) 7k
(7Fxv b)) 2 KEEGERBX O F L2 D) 04
BWARE SN T VDS, 2O LX) P AHH OLEED
BT, HET AHENAREICEN R AR L T4
I IINBITRINT B HEATE LTI LT A,

AEGTEIEL 7 A B OFUIR & Z Db Ingdh, LT
WAL DSBHEE L 7o RIR AT A & REL & B s 7 A = >
TR BHMBIOT ALYV v ReE LT
572D DRIEH IOV TS 5,

2. EREEICHTIEEATZIRAHOBE

AHAC BT 2 GHGEH X OVBRIE £ 14 W B o Bl s T 1 1%
M1oEBYTHE, UFICZOMEZTLBAT S,

2.1 NOx#RHI

NOxDHLl%, EHMDD10kWEBZ %5714 —+¥
VEEBIZH L CEMA SN S, BililEEEREoFaT v

MEE (kWh) %4720 ONOxHEHE (7924 1 g) THY

PR D AIEEEEIC X A TREN D, (M2)

JifRsets 20164E 7 H15H
* 1 YUY—f TUY YA T D ViR
BHZERR BB SEER
T612:0801 JelFmik1-1-1

Fig. 1 Environmental regulatory trends
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Fig. 2 NOx emission standards
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g & LC20164E 1 H & D BHZHIBE SN TW» b,

2.2 SOx, PM#iH

SOx M R IR (PM) (&, BBl O Bt 5 73 i
B EEEHDR) BT 5720, ThedilldsZ L
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#l (05%) 1Z2WTid, 20184 F TIZIMOIZ B\ T
ET 2 MERIOTSBIM %2 L ¥ 2 — L, Bl BiGEEY

(20204E 31320254E) #iRET B gt o Tnb, B,

IMOBLHI & IZPNCEUSA OEE R B IV 7 + )V = 7 MK
BCCIE I & LTt L CHBIARE S T B,
2.3 GHG#HI (COH:R )

GHGOHEHEIR O P AL, 19974 FARIC TRifiE &
N7-RBEEFHHM SR ESHE (COP3) 128 THLERE
DOHIEH B % BLE L7 ik e H Th 525, EBSEE D
5OFEHIZOVTIE, BHEDENCRE S5 2 L s
BRI ENDL, FOMERIMOTHHTAI L E SN
FHEREE ICE D B IMER R A ANNICODMIZ D, R
v, —BALZE2EK L L0 6 MENED LN TWVDA,
IMOIZ B\ TIIARA A & HEH X 3% CODHEH HIl I DA
MAREE SN, 20134FE2 S HBFIV BB SNz, i
MO T AV F =% 5D, MEHNERENZ 52 L1
I0IHILES ETH5DTHY, 1 MroEYE 1~
ANVEROICH T2 L AL 5N 5C0.0 7 5 2 5%

HEK N> (DWT) OB E L TREILLTWD, &b,

Z OFMEIZEED] (Energy Efficiency Design Index (T
AV F—RREEEHEEE)) LIRS 5,
COBHEIIAMEICL YD RZY, ZhEh oo
AR ()7 Ly AT A ) & 104 (19994
~ 20084) DOBEAMOTFIEEZ R L T 5. Blililix
| B it (2 e 9 B 88 b > 55400 b > BB o fi i % %)
FUI0IER LB I Nz, VI 7 VYV ATA v &
FeE & L20254E1230% D HIE Z HIE L T b, X312
20000DWTLLED % ¥ 5 —DCOHEH FEHE 2 7R §,

12 7
10 Reference line

/ Phase 1
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L

EEDI [g/ton-mile]
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| | Phase 2
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Fig. 3 CO: emission standards
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PEH A 2 DA & LT3 & F & b
ATOVBY, WENOFMIC L IRESH 5, 72 1ICHEN
A AT IRFAMT OGN & FE 2 R F 728, PITIC
BHAM O Gk 5

3.1 NOxHlgH:

NOx 3 MBI HIET B 72121k, ZhETHLD
BRI BT 2 BB TIEHEETH 2, D7
D% W CTHET AR ONOxZ &2 L KICHEILT 5

Table 1 Reduction technology of GHG and Environmentally
hazardous substances

@ :Excellent O:Good A: Notsobad X :Bad
Effect

N I ipti Task:
o tem Description NO: | 50| PM | CO, asks to be solved
* Urea cost, maintenance
1 |SCR NOx deoxidation by the catalyst | © | = = = |+ Prevention of ammonia

leakage
* Purification of polluted
seawater

2 |Scrubber |Removing SOx by seawaterwash| & | © | © | —

- Engine durability

EGR h ircul Of|=-|x]|x A ]
3 Exhaust gas recirculation  Efficiency drop recovering
Combustion temperature + Mass pure water
4 |Emulsion |decrease O | = | ©| = production device
by ion fuel * Engine durabili
* Fuel 5 infrastructure
5 |Gas engine |Operation by natural gas olo|o|o 08 SUppYy Irastructur

* Fuel storage in ships

ARG il i = T 2E & (Selective Catalytic Reduction :
SCR), MRBEMRDHEM 2 O —F % TR ERBES NIRRT
PEA X H§8: ( Exhaust Gas Recirculation : EGR) =
KO3 % IRBE R 1T E S AT B X D RBEIRE 2 T T
NOx % HIH T % KEAM 23 %0 KEMORENW RS D
RN 2 2 K 2 RE LAE (v vy g b)) &
H5HDTH 5,
3.2 SOxHEF: T

SOxDEIIIE, BRERIHIZ & F N 5B 5 O
WX ORIBT A LICRo>TWAED, 58 BB 72
HIR D RO 5N T WD, FRICERRE IR E LTH A F
ANERFEHTL L, RHEOOBEER Y 7050
NRIRBHE SR & T ONVIVEERS R BEREDOIR S D
0, BEWERICAD O BEMIICRET 2L LTA
7 I N—=EIMHENDHT AGELEBEDORIE DD SN T
V5, ZAUIHES AR O E BRI &K L D HLY
BB TH D, SOxDHIKEET LR V23, LI DB [
THRATLHREOFHEOWUIESHEDO D EDTH b,
3.3 CO ARkl

CODHMEIE, VbW LHEDI0E — FREITH YT
25DTHb, T4 —LIVEER HARD B 13t D b
BUCHAIEFRICE L, HDEERBFITEVE W E, 2
D7z DCODAIRBAT (BRF1F) EHa) & LT, MvkH
PR BB O, R E EE AT 2 205
BNA Ty Ry, 7axXTORR, PEEAFIHZ EICX
HHEBRFEOMERE EINTB Y FHHIIBWTEY
HMOFETLHARE LTI, FOEMAFE#ELIVWE
ZHTHb

4. FARBAFIE L TOXRKH R

AF e B ET HRKA A (Natural Gas : NG)
&, AWICHAREG T 5 RFLRPME D, PRBER
DCOME R ZKIET A LR TH b, 72, Kk
AW E G Z T w0, SOxPERIZIFIEY e,
NOxd BRHDOEHEDI L ER I N LY —<VNOx 721
ThHY, T/, PREEIEAWREHIY LT v, (K
4 M)

D72, WRHEIZBT B A A HHRIE~ ORI
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Fig. 4 Exhaust emission characteristics comparison of oil and
natural gas

ELT, RATAZME LT B AL YT 2 MRS
FRICHW S Z EDFERFREDO—2 L LTHIRFINT
W5,

MR O = AV F— & LT, 19 WBEIC I A B
MRS, 20 WEE AR ANE S S s, R
SRAT ARSI AMPR O Kifisif & 72 5, L
ML, RRTABBAOWE KA Y725 T, HEOR%
EAT RN AR S R B, IRRMIERG ARG (17 9) R
M LB K DR EILEFEDREIGBLETH S, (£1BR)

5. ERMAHTAI D ORHE

BEAL T, 20114F ~ 20134E 0 3 » 4, A&EMEIEAN
HAMB oK%= THEM L7z [BREE 2 KR
W BT ALY T v OFAHTE] FHEOHTHHAIA
DO¥WE BN E LT AERT VY v ORAMNEEI IS
WA L7ze ZOHMMIEIT L D HAEY26 TEHERIC
L TNOxIE90% DL I, COAZD2 W\ TIE27 % D HI % 3%
L7z %3, NOx HIBKIZE L TIZIMO @ 3 kB %
7T LTWh, T/, ZOHMEIIC20144 3 H, A
Hoh2Estr v Y VY 6EYG26LIER = ik L, 3
RSB E —ELT AT 2T VT 2 - VT
(LLFHUZ [DFZ YV v ] Ew)) 122w TlE, 20164
4 HIZramAb L7z,

A AR Y (EYG26LIEMM) K ODFT > Y
v (6EY26DFIERER) O EH AR 21IRT,

Table 2 Marine gas engine specification

Engine type 6EYG26L 6EY26DF
Combustion cycle Lean burn miller cycle| Lean burn miller cycle
Ignition system Spark plug Maicro-pilot
Bore(mm) 260 260
Stroke(mm) 385 385
Engine speed 720 750
D/E mode : MDO
Fuel Natural gas G/E mode : Natural gas
MDO

nB, FPCHDH [V)—rvN—=r] Lid T lean
(#57) burn (BRBE) O Z & TELADE R ORER
BHVIRETOBRBEDOZ EThH b, T2, 35— A2
NERWEFOMUDL 7 A4 IV Z2@EOMBET 1 7V
VR TDF/FELTAILICL YV BERILLEZDE
FIFEMLEELTHH A 7 VDT & TH D, NOxiZ,

LYY YNTHRBET BB, BRLMEVFRIICH S D
BT HIEND, BBEREZ TIF5 2 L TNOxD
FEREIHIT AN TE L, WAITRIZBWT, W
RFITERECHL, CNCEXVEHTREICBIAYY V5
WIREE Z (LT S ENOxDOPFH R Z IR T 5. ZOHH
D) Y FWNEAD T BREDTEALT B 720, BEHL
OMEEE BT A LICE VIRIE B RESEY)
YENDOBEREEMET S YY) Y S NES Z RIE
SETHREOEAZIHI L T b,

B 5 IE A ABBEL Y (BEYG26LIEHEE) OBl
B6T) Ay FOWHMEZRT ., FAHREL Y
> (Spark Ignition : SIZ> Y ¥) TIZBBEGTRE LT
BISARALCBY, TRBEE L BIRBEE~O 7 AR
g, ENFNENOTARMEL VB LD, 4B,
FRRBERE NI ZGEEEZGR T SN A AT S ST L 72
MELEAEA S NIBAOMHRARZ MR L TV,

F7:, HARNTK T 2 RaEEE (ods) & L,
HABAEREF I TR C_EEFREE LTWwb, HAXHE
XEIRBESE NICRRE L2 K75 72 X B EAAE K
Thbo MBESHNFEIEMBES AT, BIEICI YRS
NDKREY v ML o TEBRBEEOAEIRA S E IREE
EHTW5,

X 7 13DFT > ¥ >~ (6EY26DFEHER) 0@l X

W) Ny FOWMHKZRS, DFZ YT 212,
FEfEE R 7 4 — BV A 5 2 X A4 2 RRHE ST
LA AR OEKBE D~ A 7034 0y FEFH

Fig. 6 6EYG26L cylinder head cross section
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Fig. 7 Overview of 6EY26DF

Micro Pilot Fuel Injector with

Fig. 8 6EY26DF cylinder head cross section

FHRELTBY, T4 =Y ETAREO%ZIMEE
A7) SN TE L, HABIMGOH AP HEL, &
ABBRET Vv EE—MEE L, BREEICRT SN
I ATED WS L 7o PR & A 225 DA iR A S & G
LTWwWb, T, HRFFEEZYA 70342y hOHiE
PREM RIS & B IEHEA KR TH B, DFL Y >
ZAANCIE TR T A 2 2 & ) PR ICE U230 22
FEI DB RE & 72 B o
F3WhHEOF AT Y VY EDFL VY Y ORI
E L, HABERT VY I, BahE, REUEEL
N, 7)) — U RBRENC XD BRBEE Rl o H A
LTz, AVTA VT —NVOEELATRETH b,
—7, DFZ v I3, T4 —ENVRBEE 7 A BRBE% W
BBz, SUIH L CEARIES RS T S
P, TA—ENVE— FAOYFEZIT L B IRER A
AEICERL TV S,

Table 3 Two types of gas engine merit/demerit

©:Excellemt O:Good A: Not so bad

Pure Dual fuel
g9 engine |gas engine Poscarke
TH 1 efficiency o o :;?r:mn gas engine has advantage against a diesel
Gas fuel it would be inhibited by stack of
Bt assion d O | diesel lubricating oil
The lack of reliability in gas supply system needs
mm | 2 © | incompatible DE backup.
? DF can get DE backup essentially.
Maintenance o o [ £nét ;,'““ S'r;lm
Initial cost © | The initial cost of DF is twice of DE and, Sl of itis 1.5
Ability against o Diesel injection can assist gas combustion in case of
variation load load variation in DF engine

6. RIEEERD 7= & DIl

ALY Y V% @ahas - @) 2 Sl cew L <l
T AH2DIE, 7 v v 7 (BEIREE) & SO
O A HBH (2 2R (W A e & R A
DIF) ZHERT L2LEID S,

Kok, Rtz rihan"sx—5—LL
7 R v S E JOKEEE R LA TH B IS
IRTRRICBIERZSIRILIE 1 ) v F 0 VIR Bl
LiZWEETH 5, —J7, ZRILOKRE R, HILREEDN
LA AREDSAH () — ) eEEECEE BT
HECTHLY, HMTEDLERKOBKE LS, DL
W) = U=V H ALYV v TIRIFR I FEPE 0 225k
WP L7z E i h kD b b,

Engine Output

‘Safety zone

Fuel Rich Condition Air-Fuel Ratio Excess Air Condition

Fig. 9 Combustion characteristics of gas engine

FRANIZ 33\ T Z2 PR L o s IE #i P C o iR & [l 5 % &
TRIL, BB ANER L KRT AOEMIZ L ) KA
R LHIL o TRAEILIT LI LTHL, £412
B BB HL IR 0 3 1F 70 22k M & B 3 5 B & Z oxf o
MZOoWTFE D7z, DTFOKIEIZT I NS OXF Il
OWBEIZOWTEBRT 5,

Table 4 Obstructive factor of the proper air-fuel ratio and
technical measures

Obstructive factor Technical measures

Load variations due to *Cycle predictive control of
weather and sea conditions | load variation

Load variations due to rapid | *Air-fuel ratio control during
acceleration / deceleration | transient response
*Knocking detection and
avoidance control

* Air amount correction control
according to the calorific value
change

Change in composition of
natural gas differs
depending on locality

6.1 BARZEENDRERLTF BRI

R4 - WROBAHE D AREENE, BEOARES
(L) WD EHKRZOHER % B L TREKOHEMEH
fif (LY Z P38 77 VT a8 (EE
) ATTHIG L7z,
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Current Current
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| edictor

I-- Rial = «Predicted I

Electric output(kw)

Time(sec.)

Fig.10 Real load and the load prediction results

COTIVITY XL EHMARATZAMEE) TN EFOEA
OFER, KI0IRT & B0 FaM & FllamIE, 1%
DOAGFUREEED398% & FE M b5 B R A S 7z,
C OB TR 12D & BRI HEE 1TV,
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&5,

6.2 EIEIEEFDZIMA L HIE

AN F 72 13RI B W TR R b A
DOFESLE L T2 B0 BEMEERIE, =¥ v ofikE
BRICRE SN2 AR (M6, KEBM) I TERAMIC
RS RETH S, L L, ZREICOVTIEA
TR ClLERE OIS ENL (F—FKF7) 12Xk

FAEN, EREOANRIZEY ) v F U 7IEY, T,

SR TR OB L D RKICES (79),
D XD B BPEIS AR BT A R E OIS EIUIKIE
T 5720 AONERZRE L, LEIS U CHRIRE
NEHET BEENA 82T AT 4 (M) Z2HALT
Wb,

Bypass valve control zone
= Throttle valve control 2one
= Amount of sir for optimal air fuel ratio

Amount of air

Throttle Valve

Figll Air volume control system

6.3 /v X Uik - B

7w % Y THGAIRRBEE N O RIRER 208 i - =T
THOEAKL, S#zENEREEFICLI) T
REGFT A=V 2525, (H12ZMH)

Flame propagation

Unburned area Auto ignition

Fig.12 Knocking phenomenon in gas combustion
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Knock determination

Knocking intensity (kPa)
% Advance

Retard «€ O—
Ignition timing

Fig.13 Knocking intensity and knock determination value
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Fig.14 The relationship of calorific value and methane number
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Fig. 1 J920 gas engine
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Table 1 Specification of J920 gas engine
J920/50Hz J920/60Hz
Electrical Output 9,500kWe 9,500kWe 8,550kWe 8,550kWe - < "
|Engine Speed 1,000min”" 1,000min”" 900min”" 900min”"
Electrical Efficiency 48.7% 46.6% 48.7% 46.9% Generator Engine Turbocharger
Fuel Gas LHV 9.5kWh/m’N_| 11.20kWh/m*N | 9.5kWh/m’N_| 11.20kWh/m°N )
Thermal Output 8,100kWth 7,635kWth 7.300kWth 6,960kWth Fig. 3 Module component of J920
Total Efficiency 90% 84.1% 90% 85.1%
Remarks MN>80 MN=65 MN>80 MN=65 W2 ) S 2 3 S| 2 - .
(ga_stype:13A) (ga_stype:13A) 4) {920®%}§%i61£i}3%0!ﬂ”i®*§1‘1k &Ofi\) Dv
RIETHAKE DO AR ERA LTS, HBBEEA
Fable 2 Dimension of 1020 . X, 2B Y —RF v — Y v THEM S NEBRBER
able imension o as engine N . L=l 2a .
1920 gas eng SR D, E70 REAMBEE O RS X O
Length(mm) | Width(mm) | Height(mm) | Weight(kg) HERI OEELICE Y, 28— 2 7S 7DARIZED
Engine 8,400 2,900 3,300 87,000 - -~
Generator 5200 2,500 2,900 54,000 ,@:k%ﬂﬁb b Lf: 7z &), ,'szj(ﬁﬁ 0)¥$Hﬂ‘}§%1‘4’ﬂi$%f
Turbochrger Module 3,000 6,400 3,400 36,000 &) 5o

2.2 JR0HARII > DE#

J9207 ALY Vv DR % LT ISR T

1) J9201%, HiBAFE TSI L THRIRIZBWTEWIE
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Fig. 2 Correlation of power output and electrical efficiency
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Fig. 4.1 2- stage turbocharger
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Fig. 4.2 Outline of 2-stage turbocharger
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THIENRETH 5,

10) B RIL, MO TIZ, Ny 7)) —I2 X AHEH)
THAHH, J9201F, HFMZERIC X BIEE & 7 5720,
IT7aT Ly YR LETH L,

11) WikkE iz, ALY Y v islnd ceEs i o025%
R, AV EIERIE ] BREEPLETH D,

12) Ny —a2=v s (¥AbY, YY) U¥%I54F—, 2
vay F, Yy ryFay R L, KEBICHEE S
THBY, R I REND ARELY Y Vs
A DRFHEICHFG LT b,

13) A% U< IL@ 2 7 CBM (Condition
Based Maintenance) 2 & V), FRAFER G O3S
WEPREL, AYTFF v 2AHRMNEZERT 5

3. KENMAYREFALAEKENA AT IH R
RERSRAI >V

31 KENAFATZHZEHKEOHME

PMARIRIE IS I8 2 AR R M TS CTHA T 2K
AL, Ry —C AT, LELRLIAVF—
OHBEDKE BB FETE 2 WEITICH 5

COfRPRE LT, FAUFEEZHWT, KRENS 4+~
ABSMTHI LI YT ALL, ALY Y YD
B LTHRAT 2 FErBiFons,

EL7-®IE, FIT (Feed-In Tariff: [l & i #% B HL

+Swimming Pool
+Plant Factory

Wood Biomass
Gasifier

pss Electrical Power
‘I.Il::lhﬂmm’ Selling (FIT)

Gas Cogeneration System

Fig. 5 Wood biomass gasified power generation
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DFFH
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7 VAEEEH A (TS 1 CHy, COg) R4 AALHE %2 v
THRETDEHDHAT A (EH5S Hy, CO) H WA
BELRMAEEN D L, BB E L TIE, 400kW ~
L600kWD L v Y THRIBDVWHETH b, KENA F <
20, AF v TEBGBLTCH 2T L EIEN S
ALY VDOBRBETHIENTE D, SEBEIT 1 ~
2 kWh/m3NALEE CTEBili 77 2 DI EE D1/ 1082 & I
WARWISBE DR T A L B 72, HePCODENE
S bhlz®, MN (X% UAl) KL, 2 v F o7
BELLTWRE T AL 25,

DX IRSEBE O T ARENZ, 5 R BRBERI A3
BRENDBH, GEJH ALYV VL, FRABRBEDORT
XD, FAETELIREREAEDOHPANIL V. 2, T
RELIHAZY—FRFx—V X THBTHLVATLE
RHL TS 720, BRI )11315-20kPaTd 5 72
OHNAAY Ty FEARETHATOT TR TH b,

F 72, HoReCOIZ M BRFEIE AN <, PRIBE BE AT 72
Dy XTI DREBMPBEL SN2, /v F
YT, RREEZFY U TTHILICLD, RER K
2475 T Wb, TypebM ALY Y Uik, Kok A
IFTFRFHNEL Y E2RHT 52 LT, KRREMNL
TR WVIREL A 22 BT b ad ) 2 22k I &2 479
LB TE S,

F72, KENA T AT AMCEEORE L 72D, B
AT AN, T VGRKGHREENTEY, FALY
TVUVRERHATA VARG RFRESELERE LD
BENDDH 5720, HAGEMMIZT 4 V5 B X OkRE
KBEEZBRBETAHILET, TNOLORELRITHILELD D,

GEJH ALY T Y DAREINA 4= A F ACFREER LD
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Bz oWTIE, Ny 7774 THREEE LCHEA~D%
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4. FRZW X7 L (HIPAMPS) (1)

WH ST =) 2=V a vy ATIlE, FRSHY
2 5 A “HiPAMPS" ( %1) (Hitachi Power Anomaly
Measure Pick-up System) #20134EI12BI% L, W5 L
TBY, TALY Y v OMEWT—F 2§52 & TR
BEEOFIRBMHETH S, (3%2)

“HiPAMPS” (3%1) O3 A7 ABEERZXK 6 12”7,
“HiPAMPS™ (3%1) &, HHMBEN ALY Y VIR
9 5PCXPLC (Programmable Logic Controller) @
T—=5%A VT =%y MEHTH = N—IZHGAA, e
DOEIRIREZ £ 5 2 & ¢, BAIREL FHEnomim§
5o

FIRZW v A7 2O MIPEICHD LNTBY, A
IV YV UYARBEOHEMBINIC X B TR H I T BE
Lo THY, RMHKEEHFEON LICHLo T, £
72, WAL YDy OEERRICE DS RS (CBM:
Condition Based Maintenance) ~1if i & & 558 4 [
FROREL D THETH 5o
%1 : B4 “HiPAMPS” 132440 &Sk,

X2 WAL Y Y VREOBMM T, SRS T
O — NNV REREDS U,

Customer's Plant

| Diagnosis
Technology
.
s - Effective Maintenance
an +Early Countermeasure
-Root Cause Analysis
Maintenance
Maintenance

Service

Fig. 6 “HiPAMPS" system

Gas Engine

5. &8

WA NT =) 22— 3 ¥ R, BIFEERKEN
A X AN AFERLR E, BAETEI AV —2FHL
I ANVF—V ) a—Tva el Twns,
SERAM LTz, BRI RMAT AL YV v BLOKRE Y
AL H AFEEOEAL, B HLEFHEAIIHEHL
FT e et R e MET 2 DICEN R FEECTH D L%
2 TWhe T2, INLOREBRMEY TIRSH Y 27 4
LHAEDLEDL LT, LVFHEEORE VY —E 222
it LWL e B,

20174F EEAC I M AN E T HABIC &2 B 720, T4
F— I FEEIIMET T E 2D, HMSEHL AL
EZOoNBH, WA NNT—V) 22— 3 ¥ ADRAT
HHITYANY TV ) a—va v eRETHLIEIZLD,
IANF—DREMAGEFNGEHICED TV ETW,
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VYEHAS—E Y

ITav4)a—Jzirlb—Yara=y bOHEME L

PN

TOGAWA Kazuhiro

21 S Il S

WATANABE Sei NAKAGAWA Yoshinori

X—J—KN:FKEHa—-Y=rb—=Yary, @Y y2X@EERt= Yy, ThF2V 034270, ZHGHH

2, FRT%M:

Household Gas Engine Cogeneration Unit, Extended Expansion Linkage Engine, Atkinson Cycle,
Multiple Grid Connection, FRT (fault ride through) Requirement

1. [FUBHIC

Hondal3 Xk it 0B = HIF LT, fh4 218
WHHATYS, ZO—2E LT [REIZBITALI AN
F—OAMEH] L) F—<IZHFH Lz WAKT5
RETOIANF—fHHEEZ R, BB LZON [R
EHOENRIANF MR AT L] THY, Toh
D—oON [REMHT ALY Y va—V 2 rb—Yara
=y M (®1) TH5b

HAZRBEE LTy Y U 3BEREHE LT [EA
E (8] 2200 A NF -2 ML THHT S I—
Vil —varyAFald, COHEHEIRTAEZ > A
TATEHLDDODOTHRFT N EIRET 52 K0
HLDTH o7,

% Z CHondald BHER; o TEX /BT VT U R 5EHERK
DEMZ B L, REEIFERE TE B/ A ZOREH
aA—VzAhlb—varaz=y b, TIUTXDRE
TOHTARBBE LTHREL, F20BRIIRET L3
EAGEICHI T 5 2 & TH T A LOREVEEIR AN HE IS
otz (K2).

Fig. 1 Household gas engine cogeneration unit

JEfRZA 20164 6 H30H
* 1 WRAHBANDIZET  JUHR&DE > ¥ —
T351-0024 BEHRAK3-15-1

HART2024E 125 £ L7281t a -y = kL —
Yaraz=y M, KA — 2 — oAb b
T [RERATAL YV va—-V2r b —Ya vy AT
A L LTHEEL, #20034FE20 [Zay 4 v] (KR
HABRDEERTERE) DX TEE O T A &40 5 Woe &
Nz TAEK AV Tldnay s VEELI=Y b &
FLSIN TV D, BUETIIE LR LET ), HeEL S
EH RO AT ABHHICBALT, REfa—Y o
AL=varIATAIINEKDOREILE > T b,

Installed outdoors.
Heat is used for water and indoor heating.

Water heater unit (reheating boileriwvater tank)
(Hot water system manufacturer)

Fig. 2 Power and hot water supply

2. #t¥sa3—->zxL—a>azv b

Hondalda—Y Al —Yara=y MZBWTH,
BEHOMEONT2H T2 2o ELLIET0D
(K3),

—obix [FEME, BREHEOMIL] THD. KiE
TO—RIZAINVF—FIHEBERE N E W) DIF [HEKIZT
BIFNF—=DLn] L) T EThb, —BNEK
NEBOYE, BHPFEIBL EFTIIZALF—T A
W5 72— IR AN F—FIHRITR0BFEELE Ebh
TWwhd, (LT, #RELIZTRTEMIEEE (LHV)
i)

—k, FEHI—Y 22— a3 VY ATFAIEHAT
BEITDHELDIZ, ZOBIIHAET HEME AT
%o L=y MIBITE KT AT —FHHRIE
85% T - 7M=L TIH2% T T L8772 (K4),
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Evolution of packaging technology

2011: Third operation
generation  adapted

2012: Third generation
with autonomous
operation MCHP1.0R

2015: Fourth generation
with autonomous
operation MCHP1.0R1

-
————
P Load adaptive
opﬂmza
P Autonomous control added

2015: Fourth generation

standard model standard model
2002: First MCHP1.0K2 MCHP1.0K3
generation ~
MCHP1.0 MHCP1 JOK1
~
I
P Load adaptive
P Higher efficiency oplimization
- w P Smaller package control added
P Higher efficiency

Evolution of engine, inverter and controller technologies

Fig. 3 Evolution of household gas engine cogeneration unit

ZooiE [MEvBEFom ] Thb, BAERMIE [
R ELERAERE ] OfE L [RAMHEREEERGIH] ol
mcdh s,

BEETLEREBFIAENEL L, ZODIT IV
HEMEO RS & B0 L7 THVIRENHIE] 2 B% L 72,

LD EBRFTH M AMEE S hTwiud, Bxz
DL BT ENTE D,

S HIZ20154F IR L - BTk, &7
[ BT BREE LI ] PERE % e L7z RIEDWHEE)
H3700 ~ L,OOOW TIE T > ¥ V12 & % M B HE TIERE
MEZERL, THACIVBATLIBRELZMS T I LD
TE, TAVF—HBERPBIND 2 WERE T D IGEE
Ay MSMETE LX) ho7

Energy delivery system
ECOWILL gas engine cogeneration system

Electrical energy
26.3%

L7728y v @kl > ¥ v, EXlink % ## L 72
(F1)o

ZhdmEnryyroaryay b, y5v 7% 7 b
iz, NIV, ALy TZay N, ¥k Vb
Vo272 x 7 boK) v EBINL, =Xk b
Vo2 yx T 2r 573y 7 FOL/200EER TR
Winlis S5 2 & CRA/EMAITIERE & IR/ R
RIEERE LT, EMLE D ORI KELLTT b
FrvrvHA s VvERIYELZbDTHD (K5),
WA/ AT RER A, BR/ARITERERORE
T52LT, PHVBKATLNEZLoMLFEEZIY T2
ENRTE, MELY I VI EEOBRFRELELZ LA
T&5 (H6),

Table 1 Engine specifications

Engine specifications

Bore[mm] 53
Inverter Primary Energy Intake stroke length{mm]
generation Usage 92 %‘
Natural gas g
(city gas) gas engine T ———— Expansion stroke length[mm] 74
d
Heat Heat energy
Primary energy: | Household gas N Wamss-?% Intake stroke volume [cc] 110
100% engine cogeneration system heating
- . : Expansion stroke volume[cc] 163
*Honda household gas engine cogeneration unit
Measured from MHCP1.0K3, long-life coolant temperature at 75°C
Lower Heating Value (LHV) Compression ratio 12.2:1
Fig. 4 Energy delivery system (“Ecowill” cogeneration unit) Expaision o 17.6:1
N N H ~ z L
3 E%?EH:I < ~ EXllnk (I 7 2 U > 7) Standard engine speed[min’'] 1,950
3.1 HE Standard electricity generation output (kW] 1.0
HWIRBERR LG 72012, B2 S ITHHRE
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EXlinkTiZ, fEkM >y roaray Rz
727 bOMIC, TVIAERON)ITFLVY V2%
fFirmz, E6lCAf »7uay FEAHLTZ®:tL |
Vo7 vy 7 MediETAZET, NIITFV) IO
RREEHHTS K7)e TF Py 27Ty 7 ME
77 27N L CL/20 008 TR L Cnl#kd 5
LT, 24 vy ray Fouih (BT, 24 ¥ 7 T
Fah ISR LA 72y PLTEBI R TV,
D72 OEXlink® ¥ A b ¥ O FIEEALE X, F O
DAL T TORBIZE o TRE S, M7 OLEMD X
WAL YT TFmMB T HCHDE, 275073 xT %
THELTHMYITFNVY) YDA ETIT 50725
D, aroy FFmHIMHNICEDOMELE 25,
LMo TERA MR TFARDELT, ANV A MO—
7135 % %o

FAHCI 7 OGO L DAL v F TsEHICH B
&, NIV Yy oAIEIL s sz a s
Ty KPRV IEICE T, YAV Aba—23E
S Ed, 2F, 2757 vy 7 bH—llET ST
LI, EAMYOA MO =2 IIRFICREZ#HY KT,
CDENA =7 2R EMAITRIE, BWA b
00— 7 &2k AT RICH D S TE 2 LT, 110cm?
DR Z163cm’F THIES LB 2 EH 35 2 &8
T& %,

Intake valve

[ Crankshaft B8

(Valve positioning differs to actual engine)

Engine thermal efficiency

Shaft end net thermal efficiency (%)

Conventional engine
Design nd
generation cogeneration unit
0w
—
Output

Fig. 6 Engine thermal efficiency

Stroke Length Comparison

3. Piston k 3. Piston

bottom-dead lower-dead

point is higher point is lower
1.Trigonal link 1.Trigonal link
lowered is raised

2.Connecting 2.Connecting
rod lower edge is rod lower edge
higher is lower
Intake stroke (short) Expansion stroke (long)

Fig. 7 Stroke length comparison

Connecting rod

Connects piston to crankshaft with
conventional engines. Connects piston
to trigonal link with EXlink,

Trigonal link
Vital EXlink component connecting
piston, via connecting rod, crankshaft
and swing rod, 1o eccentric shaft

Swing rod

Conveys eccentric shaft movement to
trigonal link, maintains piston’s top
dead point consistency while allowing
differing intake- and expansion-bottom
dead points

Eccentric shaft

Rotates at half the speed of the crank-
shaft, conveying movement to the
swing rod

Fig. 5 EXlink basic structure
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EXlinkiZiZZ < o) v 7 #md»fibhTwb, Th
SOMMOIEETDO 7Y 7 v ay (Zr Y YHNOBEEEIC
X BT ANF—RLE) B, =Yy —BoTREY
4, EXlink® % % BEAL X8 T\, EXlink®d 7
7 a VMERO OO TIRIZOVTHEITS (K8),

PERM L VY Tld, WIRITHTE X b ¥ 2SRBET A
DENZEZTDLE, V) YT —RBMIZPA>TH AL R
TH—ADSEL, YAM LYY Uy —DIZKRE R
TV aryPELA, YA K7+ —XiZaray Fo
BRAPREVIT LB, Ty I VI LRIy
DOEBHREOLGUEEZ HO L5 H 5,

I LEXLink T, MBETV A DK E LM E %%
F AT RO 2 v Ty A, IR L 2SS R R
DEHITHFTENT VS, TDDER N Ihh5BH
A K7+ = ADHRERBLT VY NHABDTHEL,
AR7+—AERTE 7Y 7 v a reitklleryyy
DPFUTICMEZ L ENTE . ORE, HERFERE
I ¥ 7 BRI X A BRI A MA CTH, b—%
NVTIRRERB Ty Y v L IIFFAELNVD 7)) 7Y a >y
FEB TRV VA2 VIZEB X))y b, BT
LIARBEMEIIORITTVS (M9),

Connecting rod angles

Max 16

Conventional engine

During expansion stroke, angle between piston and
connecting rod is large, causing piston to place
strong force on cylinder wall

EXlink

During expansion stroke, angle between piston and
connecting rod is small, causing less force on
cylinder wall due to piston

Fig. 8 Connecting rod angles
Friction comparison

Conventional
engine

EXlink I I /
o

Fig. 9 Friction comparison

4. ERELERZE O SHREH

IO ERHLCRRBEBNEEY TV Y
A==k, ZTOBNEEHEIILVARVICHEST 24
UN—=F =3I S b o TERIRILEBRL, v
VYHKRORERREE HbET, SEPFIEIMAT
263% F Tm L L7
FNFFx—%— (K10) Noa—%—o< 7 5y b
AT—=F—=DATy MOEFNENOKRLEIEZWIEILL,
IANF—ORELRLMERZEMK L7, F72, Honda
DONATYy Fh—FMizsHLT, A V5 A —F—T
LYYV VERBHITAILET, BERIRHOLLVRD L
M lRE E FEILL 72,

Reduced magnetic flux density in core
Optimized stator thickness and magnet
length Adjusted magnet overhang amount

Reduced eddy current in core
Reduced number of slots/poles
Increased laminated core thickness
to prevent rated voltage drop

Larger magnet
wire diameter

Shorter crossover length
Smaller crossover
ring diameter

Increased field coil space
Smaller slot end diameter

Reduced eddy currents in core
Reduced deteriorated magnetic property
rate due to punching deformation
Reduced core material thickness

Fig.10 Higher efficiency alternator

AR A v N—F —1F, BRICED S h I ER
ERWESE, FEOD UV 12— F — B0 mEHs 7
ERBBR BT OEEBIE RIS TE 28N
Z (X11), mHED LY CGRER) SETREIC
LTV 5,

Rated load waveform bias

time —

Waveform bias
— Conventional generator (brushless)
- Sine wave inverter

Fig.ll Rated load waveform bias
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5. MEDBBEELDT D OEBEYLER

MR I K BENIT 5720128 HY A7 A dikET s h
TWb, TVT YOPEE D 5B, HER T A
WAL o = el & —ARgEic Lz (X12), =Zsolii
D ) \ZBSHEH OE 2 3T THRHKZ R S8, HEL
DPRL T A HEEECILY , BREEA OB E f/NRIC

THELHIE, BHLERITHABE LT AN -2 M
BRZ CHMAH LTV 2,

3-way

catalyzer

Fig.12 Exhaust gas heat exchanger

T2, 2=y MERERT AHHARLEHRO TN & HL
BLTHENEZ SO TS, 2RI XY BRI
65.7% %Eﬁk‘ L7

6. VAMIWRE2—2—TCEERERZFIAEICL
[ B 3LiaEh ]

(R T D iR 2 W REIC L BN X BT VA
HTHETELY)IANAY —F — %A TWD, LI
LIEMER MM IZECU (V7 buYy vy arybua—)L
=y M) DTI. WMEIREIZY I 4V E2FIFIX, ECU
EE) - A LR EOHIE - SKOHEF TR
RO 9 BIATH) MEOHIE AR L TV 5,

Control flow Engine start

(approx. 1 second)

6.1 FEIAN—E—IILBI T U IRERFOERER
DD — Y 2 AL —3 g v A=y FOIREITIERE
HEBNEME) 72D ELRENE A2 L TE
7o, EERHCIIMHTE RV, —, HIEIREERE Rt
XEFILVTIE, BEIECYIANVAY—F—I2 X HIEH)
BIPw, BE I Y N—=% =2k o T4 E L-ECUR#
BIROMG MR L7 (K13),

Inverter unit
_(boosting converter built-in)

Recoil starter =
_Engine -

Fig.13 Role of boosting converter

6.2 I T DiaENNE%EmLES ¥ % BILIAENHIH

— MM BB O VY VIRENIEIIE, AV v
Iy 7 EWTTF a—2 LN—%i|l&, VUL
F%ON, Vafru—7%25 L) EEE AWITH.
—7, HIGEEBERENT X ' ov T, IREIREICY) a4
VEFIWTWS I, ECURZEBSE% L, ECUNt
VT F v 7 BT, IREICHROER F A L 2R 0O/ ER
¥d 2, Fxyv 7tk TATAICHEDNZITIUZECU
WEHAZBIL, =Y Y 2IRET 5 &) B 2 e
o5 HI12479 (K14),

Idling -> Electricity generation

Recoil starter

R

1950 ron >

Engine speed (:: —
ECU system check

ECU status >

Power on EEngine control starts
E /With boosting converter
|Encpl:|t voltage ‘"‘*\ %) spark state
Ignition “‘“‘-\:. Without boosting converter
voltage \_ / (misfire complicates

pengine start)

Fig.14 Autonomous start control flow

— 61
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7. IV CAMBRTRERF{EEEIL, 2X b
XUy NIRRT % [AFNEREEEHIHE)

MEORAE - BBAEEORINP = aRKEOWE KIS

LY ZANF-HREPDPHRVRETS, a—Y b

L—2a v AT AONBHEA) v MR T VLI,

Bz [AffEEEH | 28 L7,

kD EF N TIZHEEIZI000W—ET, REDE
NHFELRE, b= —THIEATBHE LR
SFIflio Tz,

BT T v Y VAR &L TERT & 5700 ~
1000W T [EMBeEes | 247, J8ET 28 %8
ACRBRMZILIEL, XVEOBNEHEL L TH
BB Ay Fom EEXLHI#EERH L (K15),.

F7:, o [AMEEERTIE] R L ->T, &8
"= —o/MNULLEB L7 (K16),

Fig.16 Surplus power heater

8. ZHAERIEOIEF

A TIX, 4 v N—% — - ECUR S HEHRE
FAEICADETHR Lz, 2HEERLEE, —HBOH RN
5V AN HMNEBES AU EREER LT BIRRE
2 (K17)o ZEEERAEE (FRTEMFNIGH) 13X
20184 4 AUBENIHE 7 %78, a7 4 WIIKIER AT A
I—-Vzhlb—3a YEBTIEHATHD T FRTEM
I D 2 Bt TR GRGE & U L 720 S BRI S8

Control
Household electricity use over 700W
Engine's electric power ger ion output optimized (up to 1,000W)

ing to househ ity use. Engine speed is kept constant
while increasing fuel - torque is increased to vary electricity generated.
Electricity
generated:

Engine output controls
1.000W i .
Electricity generation output

Grid r
purchased

Controlled
by engine

generated:
700W

THRWT TOEDME LR 5700, FHEEFIZE
HELCRY, ANERNCIZ I ke, &) e
T MRS 2R Z 72 L7z (K18)o Z Dl
A & ) ZRAGHBPAREICR Y, HEEZE L TOR
WA s, M TAL— A REBEIHEE o7

2He
Pole Transformer

Sha &

The number which can

be connected to a transformer
issometimes restrictedto a
conventional approval machine.

Mutual interference

Fig.17 Multiple grid connection

Grid

Voltage 200V
individual Operation Power outage L - rr——— o]
Detector{active) A 03 :
tlessthan0.2s Output —‘—I
Co-generation H
stop . >
® :
Grid :
Fault Rude Through Voltage 200V
capability Vohage Drop J---
(continue the 2o sz than | > T
operation) L 3'.._0_21"__..5
: lessthan0.3 Ou " -
essthan03s i odueut
Stop

>

Fig.18 Individual operation/FRT capability

9. FhY)IC
ITay4VaA—Yzrlb—Tarr=y M, ERIE
MR HERPSIFFOHFEEMKL DD, E51C
[ IR H AL iR AR e | o [ AT I8 L 3 iz il 45
DORHATHEE ) v FORKLE XS % L o#flb % %
F, FEHAI—Y AL —Y g ViliBHEDY 2
TWwh, 5% bHondald, BEFKO=—XIZELITHH
REHI—V AL —Tar1=y hOBEREEIT->Tw
<o

Household electricity use over 1,000W
When electricity use exceeds 1,000W (such as morning
or night use), grid power supplements cogenerator

Grid power purchased

=
a °F
= ¢

Household energy use

aengino oUW

Electricity output by
cogeneration

Time

Household electricity use under 700W
Inverter which supplies high guality electricity generated by the alternator,

synchronizes with grid power to generate electricity for household use, and converts
surplus electricity to heat to be utilized.

Fig.15 Load adaptive optimization control
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KATO Shoji MOTODA Toru

X—J—K:Fq4 -V oIy, FTAZYI Y, FaT7V7a—I), {RIRE, MHHEE 28AHX
Diesel Engine, Gas Engine, Dual Fuel, Fuel Efficient, Marine Propulsion, 28AHX

1. [FUSHIC
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Table 1 28 AHX main specifications

Engine model L28AHX
Cylinder bore mm 280
Stroke mm 390
Continuous maximum 6L 2220 2070
output and cylinder kW 8L 2960 2760
number 9L 3330 3105
Engine speed min™’ 800 750
Mean effective pressure MPa 2.31 2.30
Mean piston speed m/s 10.4 9.75
IF\)/Irz;(grL]jlrJén cylinder MPa 18

Fig. 1 Overview and cross section of 28AHX
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Table 2 V28AHX main specifications

Engine model V28AHX
Cylinder bore mm 280
Stroke mm 390
Continuous maximum 12v 4440 4140
output and cylinder kW 16V 5920 5520
number 18V 6660 6210
Engine speed min™' 800 750
Mean effective pressure MPa 2.31 2.30
Mean piston speed m/s 10.4 9.75
'::'Z);Isr[]jl:: cylinder MPa 18

Fig.5 Schematic view and cross section of V28AHX
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Fig. 13 Comparison of marine propulsion systems

Table 3 Comparison of gas engine and dual fuel engine

Gas engine Dual fuel engine
8! (gas & diesel)

Electric Direct drive Electric Direct drive
propulsion propeller propulsion propeller
Initial cost Expensive . Misdts N Expensive N leeA
inexpensive inexpensive
Running cost thtle' Inexpensi leé
p P
Redundancy Slightly high Low Slightly high High
TranS|e.n t, Little inferior Superior Little inferior Superior
characteristics
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Fig. 14 General view of 28AHX DF (Dual-Fuel)

Table 4 28 AHX-DF main specifications

Engine model 28AHX-DF
Cylinder bore mm 280
Stroke mm 390
Continuous maximum 6L 1920 1618
output and cylinder kW 8L 2560 2161
number oL 2880 2431
Engine speed min”’! 800 750
Mean effective pressure MPa 2.00 1.80
Mean piston speed m/s 10.4 9.75
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T, FHEEORGEE &R 2 oy 2 EFE L 720,

L2 Laas, HAREHILREOMARET 4+ —E
oM =—Al~vyF35562& %<, —HLTEM
% EQOWRENMAMER ST & 72,

—7J520054F12, IMO (International Maritime Organization)

AR A 201647 H 6 H
* 1 ZIREARER REPSERT B - o AT LSRR
BT 74 — B VR
T706-8651 EEFHE3-1-1

Fig. 1 12K80MC-GI-S

T, M5 e 7 AR TH 5 MARPOL73/785%
Mg EHVIAIE £, NOx, SOx+PMJ UFCOHE H
DRIFHIRAIE & % > 720

DO, MHEET 4 —EVBEICBWT, KiEk
BREEVERECGE 2RO S, FHFBICLOEZHEl > Tw
%—)7TC, SOx+PMM U COMIEDBREA H1E, X 0B
R O A ABB 2l & & 25H TRk & WifE S
NTwas,

O LX) HEEBM oML T, KREHEOY = —
WA ARG E D EEEPEILR L TV ERERT A,
filfi A% DA <2 i 2% B3 KAZHE ) LNGD 4~ 7 7 i H3
THEEN, FEROAMD S OMREHEIROTREM 2 K & <
JEF5bDTH5,

3. BIE 40

W OEMAE EGET « — BB TIE, BRI
BWEHRFARBE YA I v 7 2B THMETLZ 1L 5T
PREIM EXRRSNE Z Eh s, BETHEBESERE
%o TETCWAH, MEGIE 1ZZDOET-HIMRIHET + —
YOVBEBINC 7 A BHER s 2 3B L, il & R A O
B ORREL 2 AR RIS L 7Z2MAN B&WIEAIH EF
HIHR T 27 V72—V TH 5,

ME-GIO 7 A e i NI BETH ), ¥V v ¥
DIEFMEEZNI S Ty MRE 2L THEKRSE, 1F
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BARA X2 —E L FR%

IZFEFICEE (KRBT ADY4A 25 ~ 30MPa) O 4 A
PREL S5 2 10X o> THRBES ¥ 5, ME-GIDO#ME
THZ M 212”7 ME-GLIZ Z o3k eE i s o FR-H 12
Lo TEMiLZ EFA 2 D TE L2085 % DL,
HABREOHBLNZ B b & F L% L 72 MBEDSTTHETH %o

Pilot fuel valve

Gas injection valve

1. Intake—Compression 2. Combustion—Exhaust

Fig. 2 ME-GI combustion cycle

DN N QDLPL: ¥ AWAL St S 7N S
(D)FREBRBETHRAE LDV v 3V ZORED T,
(I BEMEFIANT HIREMICENR TV A,
GIEMATREFIZ, 79 ¥ 27— ANO T ATHO LB
Wi, BEMEIENTHETDH S,
ORIRDO T ARKEAANBHBEND VDD 2B X5 VA
Uy TBEEAER N,
(5)47 R KR} & B KL & DRBEDTHETH 5
LB, WABREHIE A b /X B EMGRE CIRIRES
KBTELNTD, HTABIERFITIILE L T2EKD2D
Ty MREDSLETH L, D8, Ty ML
L CTIxAE (MDO : Marine Diesel Oil) 38 X O"CH il
(HFO : Heavy Fuel Oil) 2MEiH e TH b, W AKX
TRESHED 784 1w M REHNZ100 % B AT A 24 Y B s o
¥3%ELTWAD, (A3)
284 1y MREHIEIMERRE X R LT S
N, IEOMWEIC L D SN S N S,

100

Fuel Gas gg
[ Fuel Qil 70

Min. Load: 10% e
/

50
] Min. PIOEOI: 3%, | 20
\l 10

0 10 20 30 40 50 60 70 80 90 100cl

Engine load (%NMCR)

Fuel consumption (%)

Fig. 3 Fuel ratio in gas operation

— 70 —
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F 72, HWABBOPAGSMIC X o THRABREL L T
HE AL\ A HE ] e 2 E B RE  (SDF##L © Specified
Dual Fuel Operation) 23&% 5%, (IX14)

B 2 1E, INGEBAMICBNTH—T% 7 Hh 534
9 5BOG (Boil Off Gas) O& % HARK & LTHHL,
ARG HBEMTH - T2 2 LD WETHY, L—
FOLELIE U7 IB S HETH b,

T T | 100
Fuel Gas gg
[ Fuel Ol 70
60
50
40
30
20
10

0 10 20 30 40 50 60 70 B8O 90 1000
Engine load (%NMCR)

Fuel consumption (%)

Fig. 4 Fuel ratio in SDF (Specified Dual Fuel) operation

4. WEIBE L HREREBA

ME-GI® FEZRERE i3 8% < DFEFE AT 5 BT
HEER (MERIBER) oz ZoF M T, Gt
OB 3D EFEATEMD 5 WIZEH N LD, K512
AR, KLV FBRICERE SN S,

Chain pipes

Fig. 5 Gas associated components

41 S HEHIN—
X 6 ICME-GIH V) ¥ % A N— Wil % 75 $ o

Gas injection valve

Gas control block

Gas channel

Fig. 6 Cylinder cover for ME-GI
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) U FHN—ITIEHE R O TS O ML AR W
PO SNE, WEHIZEAT ATy br—)Lv7aYy
7 HHUFIT S, AR AT ZAREZ E L T2 Dl
% (Gas channel) 233V ¥ A N—NIZEITFT LN TW
5o
4.2 HRAEHR

X 7 12 H ARG ORI B X WK %2 RS, Mk
BICIZFEROBH DA Y KV 47T, H AR oS
Farba— A A VIENOWRIZE > TAE Y FvE
AT RETITbNL, ARy ba—vt 4
WIA Y NRATE2DO% 72, TABKET X 20
~ 25MPaEED Y — VA 4 VM SN B H AWES)
FOAEHIIE, FARHEER 720Dy =) ¥ 7 HE
BEND, oA A ER UL 2\ — Ui 2 R
LTEY, 1BEHOY Y=LV v TSR AR EL
Yitr, BRoAA/IRMNT A4~ &2E LT TFiROHCE
YT TH AR S A A BEEAME IR S B HHL
Al oTnh,

Seal oil
Drain oil
Seal ring
Fuel gas

Gas leakage detecti
Spindle

Fig. 7 Gas injection valve

4.3 HZRaArra-—-iJavy

M8IZHATY ba—NTay 7 BRORERSERT,
HAaryba—inr7ay 7 ZE7¥a2sb—%, 74V
Ko dp, 7Tu—% 79, =T F, ELWIFH (Electric
Window valve), 3 X O'ELGIF (Electric Gas injection
valve) DM SN CTwb, ELWIRIEY 1 ¥ FY %
BRE) 9 % 2 E 2 ELGIF 3 7 A W57 % BRE) 4 % o E %
LT,

Window valve Blow-off valve

ELWI valve

Purge valve
ELGI valve

Fig. 8 Gas control block

44 FoNA4T

B KB A REDF = V8 TRIRT o KV ¥
& BRI E & L7222 IR 2 HERE L 2o T
Who ZOFHEIERIZE D ) ¥ & B ORI 7% ZE 6L

2RI B8R 2ZHL TV bo
g N %
Fuel gas
Ventilation air

Fig. 9 Chain pipe

4.5 HFlED 2T L

K101 ME-GIFEBI Dl > 2 7 2% % 77§ o ME-GI
PEBEHIHIA > A 7 20, BEAFE O M X BT HiI AR
B AT DT AEE RS AT 22 EBMT5Z L
WX DR S NG, HTAEFORIMF S AT HIZED
HE S N5 28, REMLIRZEE (FGSS : Fuel Gas Supply
System) ZEOMAMNICELE S5 BRI, B
AT HIZX DI, BRI, BNV AT AICEE
Nbrt—7742=y MIXoT, HAMEKEGOR
WHEMIMEND &, HHIZH A (Gas Shut
Down) &, HBJIICEME X I2EfE— N2 ) B
b5,

Add on

Existing

Fig.10 ME-GI control system

5. ek

51 2E%®H

LA A 2 B O RRN 2 R MEZENOT
AT A V203 2 EEREE DR S, AME I3 X iR
H, BAZEEDMN TV D, 05—, WEPBIHL TF
ADwAILH LT HIME I THREASNA~ORMEZ P X, )t
RAZBRTA YOI 72HCE I & D 7 A28
BMihdhbe 72, A ABGFED T ZHRmD 2 HY —
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HAARZ —E > ZR5%

Cylinder Ventilation fan ~ HC sensor

Fig.11 Gas double wall piping

WIBEBED > TVRB T ARNHMT A b ZOWKRT A
YEBNRSTEY, HCE U HIZ L) AIRMAR X
s,

5.2 T4 K

1212 A A SRR 2 R §e 104 7 VI
AV N RE T AR O3 > b a—F TR
SNHMATZ. 74 Y FIRDBEHN TV BRI LA A
GRS H AR SN W2, NE Ry A4 IV
TOHN A B X OB 2 7 ARG 2 H$ 5, 24
AWEF T S RN B - 2 HETH T4 YV PR
TR EZ R/NRICED S 2 L TE %,

ELWI Valve |
ELGI Valve —L .

Seal Ol
To Gas Inj. Valves———
Gas Inj.
| valves Gas
g Gas Contral Block

e Window
Blow off | Valve
¢
Valve ];
ELWI ELGI
To Silencer e i Vaivel

Vave fmm muz%ﬂw
l o< ]

Fig.12 Gas injection conceptual diagram

5.3 HAEHDER

T4 Y RYRET ARG O AT (V) YT
N—) BHEEEEHT LI LY, F AR RO
T4 Y RYROY— MRREOREARAZ A 7V
ZEIHT Y.

54 YULHREHDER
ME-GITIZfEPEEM Y 2 7 2 p Eedifi S, 2V
YENENRERERT LX), R — PR
B, BEBREEB X ORKOBMELT) o BAIHE B IXEM
EREAR, REBRBIEIIRES, WREDRFEKTDH
5o

PLE ORI X 0 7 A BRI B A & h
723, EBICH A AW (Gas Shutdown) i,
PRI E I SN D Z & e { EIEiIE~H BN IS B D Y
JEHL DS S B o

6. EEXIE
20154EICEINI Y ¥ v X —H & L THIDOEMMIT R
H AR EMHET 4+ — LIV = H-MAN B&W 8S70ME-
C82-GI (IX13) dke bifidinZ FEh L 7zo 2440 07Tl
DOMREEET LI E, HmOEEEON AL,
KMo EEHEICE R 1I1C, A% X (Dual Fuel) BX
CFE (Ol) E— F& & I2BIT 5 8RB RIS 21X
14127775,

Fig13 8S70ME-C8.2-GI

Table 1 8S70ME-C8.2-GI specifications

Q'ty of cylinders 8
Cylinder bore 700 mm
Stroke 2,800 mm
Rated output 26,160 kW
Rated speed 91.0 min™
Mean effective pressure 2.10 MPa
Weight 681 ton
— 10
% g 8 - oil |
=g 6 —
g ,-8, 4 —Dual Fuel |
5y 2PN y
23 g T =
SR N, i
e N L
év 8 6 -
5=
£ 0
25 50 75 100
Engine Load [%]

Fig.14 Fuel consumption on 8S7T0ME-C8.2-GI

20164F 4 A £ T2 a ¥ 7 F it e OLNGE AR L 12
G 6 BORIKT ABEEMEGIORE Fi2 & TLTH
D, o EENE L R LT,

7. BARtA AR X7 L (FGSS)

7.1 EFREBR

WERORBE T R 2 B § AME-GIO&, ¥ v I
BRI A WY B 720 KRB ATT TRRAT 2 D)
425 ~ 3OMPaD I EN A DRV EL b, ZOFH
JEHARVELTFERELT, 2200HEMREEA TS,
—DIIFELNGE ¥ 72 AT 55T, 95—l
L AR E R T 52 A Th S, (K15)
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BIELNGER v 72 3§ 5 N0 8 4A, LNGx
ME-GIZER T 2HEN F THEL72%, Sbikick - T
IR B E OLNG % BEBI A T 0 BRI E (45+10C) F
TS B0 —F, EIEH AEMiIZ, LNGHEMI I
B CHEMAHLHETICHET 5 KREOBOGEBRE L LT
BRI T2 LM TH 5. Z DZOME-GI%E
B L LNGEMAR T OFGSSIE, &HE A A EHMERE &
BOGOFA B34 0 22 it il S 3 5 B IEAR v 7
ARG DT ANERE > TS,

ME-GI

HP Vaporizer
HP Pump

a) High pressure LNG pump (for LNG fuelled vessel)
ME-GI

| Gas rnpressot

ME-GI

b) HP compressor + HP LNG pump (LNG carrier)

Fig.15 Fuel gas supply system

7.2 Z=HEMMBS X ERERES
ZHIEMTIIFGSSH BT A A EME OS2 5 T L
THBY, =Gl THRMmICHEL TWwd, €
DIEAMFEE R 2 1TR T, B EOAMREE - Al by
S EFCHEM O D HAEEB R Z 212, BOGIHRLE 1%}
& L 72-160C O 7 A % HHE L, ME-GIZEHE A A
AT H L ICHFTEN TV, R EIZBIRD
LNGE A A — T 7 Hm EBOGL — M ZHi$t & L
T, ME-GIE LTI RN A BE By )7 120 S 4723500
~ 4,000kg/hIZ7%E L 720

Table 2 Gas compressor specifications

Type 6MBL
Horizontal reciprocating type
Q'ty of cylinders 6
Q'ty of stages 5
Suction press. 0.103 MPa
Suction temp. -160 C
Discharge flow rate 3,500 ~ 4,000 kg/h
Discharge pressure 240 ~ 335 MPa
Shaft power 1,000 ~ 1,100 kW
Speed 590 min”
Foot print 10™ x 7W x 55 m
Weight 100 ton

Mi6icr=y MRZRT, MIAEEITICBI 2%
BHZT 5720, EMEREBLI I NI A NTH 5 ED
E—F L HOMEE AFy FEICATHERLTWS,

Fig.16 Gas compressor unit

72, EBICEE L RERIC TME-GIC A A MK 2 s L
BUF2 800, REMEAET LI LRI N, K
1702 A7 A i B HAHSE g5 5 00 B§ B 100 % C 0 Tl iz
5 A A BRI D PR K OGas shutdown (FE &
NOBZYE) OMPEERT . MEGIOZERIE KL,
EBRDOH APISEN AN D Z & %, BEilnElEs S 4
ZEIEANOYY D HEZ BRI 25 TRT LTV,

35 + 120
)
» 100
- o
25

¥ w8
z -~ w
— 20 : ]
o ' {0 ©
= t —
@' ! £
g ! w B
g - — —_
set press.(MPa) | o
! |—Gas pressMPa) | | |5
5 — - -Gas load(y) i =2
Engine speed(rpm) | | W

118 1320 132 1324 1326 1328 1330 1332

Time [hh:mm)]

Fig.17 ME-GI change-over test

FMAMOHRE L THAEMNE & SELNGE ~
T OWHERR X B A AR T N, ¥ AT ADA
FCEE T 2 2 & bR L7z ThIZX D, HELNG
R 7THGERR, A X ERREAERL X 2 7 A
WREE 2D, FEMOTIEE T T > b B L7z FE B
BRIEFRATTRE & 72 5 720

8. I & REHEIME-GI-Ethane

8.1 BHE

Iy A ATEMICIN, RERA A L BRI, BRBRC
RELWHBRETHY, Y=V HADORIPES A & L TR
WEINB720, ZMizMABEE LTS Tws,
SHEMIBIALTF L A AERMH IR0 ¥
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HA#HR2-—EFR0

YHEIEHE T 4 — BV = - MAN B&W 7G50ME-
C95-GI-Ethane (M18) #%iEL, 20164 6 HIZkE ik
BEei 2 5e 1 L7z BBOEEHITZ R IITRT,

Fig. 18 7G50ME-C9.5-GI-Ethane

Table 3 7G50ME-C9.5-GI-Ethane specifications

Q' ty of cylinders 7

Cylinder bore 500 mm

Stroke 2,500 mm
Rated output 12,040 kW
Rated speed 100.0 min™!

Mean effective pressure 2.10 MPa

Weight 276 ton

8.2 fKEIBE

IHUHREAY V (RRTR) ICTHRGAERBEDN
Wi, V) YIRS S RO ZER L DR
% HIICHEBI~O 7 AMHRIE )] (BEHET)) % BiFTw
Do FAINZTE VX L OEFELFTAMBEN T,

Table 4 Comparison between Methane and Ethane

Methane Ethane
Gas density 0.717 kg/m? 1.356 kg/m?
Max. supply press. 30MPa 38MPa

Iy VBEAMEGIOAT Vv 7 NIRRT A X
ME-GIZ B8 LT\ 5285, # AT ERIctEw, R
WA ABEMEGI»SH ATy ha—7ay 7oK
) 2 — AEEIEALR, F A BRI 4 v B IR
BOHTATA Y EERNSL T HMEEZRAL TV,
8.3 EEMER

WE b diin a2 L ORIl mo etk LTy v ToR
SER TR BRI % WERR L 72

Iy FAY VICHRREOEHERDL VD, F5E
ERBEC X B BB R BERCODPE RS SN As, %
FEBI RIS BV CliY) R 2R B L OV A BHRIE ) % 3R
g B LK o THMER & [ L X)L oCOHE &
MBEH SN,

T 72, HAMKES B, AN R %A T
WEHIETE R o270, KRR AR S 2 7 4

(FHELNGH > 7hX) #fMH L, BeLRBRz %y 2
LI, MR DIBMPad ¥REL A7 A flite B il D 4z
DA TE TS,

BI1913HE B £ 17100 % T O HIlE L A & A A I~ D
B ORER 2 IR ARG F138MPaT b [H#
e KEHIRZ TE B 2 LR S LTz,

45 120
Change-over
il B
e 100 8
35 JrriseNari —
! E
30 { 80 O
~~
) | -
Qa2 B 6
- 4 Gas sot press. (MPa) 80
g L] | —— Gas Press (MPa) L
| 4 f : E
= Engine speedirom] E'
2. / — - Gas load(¥) 0 o
e j °
a 1o j b
20 a
5 g @
!
0 0
10:42 10:45 10:48 10:50 10:53 10:56 10:59 11:02

Time[hh:mm]
Fig.19 ME-GI-Ethane change-over test

9. ¥&8

SHEE L TAR6HRDORK N A EME-GID B L
REEAKTLTBY, MEGUIFEHHE L CrvEHEE:
EHEV.L TV 5, MAHEERBEOBREIIB T IE
TRAFTAEEEE DI & A EIZLNGEMANI R E X
NTHHENTE, —HTEHR, Y x— VT ARG
X LRI W BRELIC R & L WK X O
BIIMAPTETETIEDSDA 7 T D& bH#EATY
T EMWfFsh, —KiEHm (> 7HM 70—
) AT H KR ABRE & M L 7 e RIS . LT v
CEFRLTWD, Lo T, %ELIIRBER OB R)
MM TDH HME-GINOWIFFIZ R E v,

F72, FOMICEHBEBMTIIRRT ZABEZ T TR
{, MAMOBMAEHE LTy V3 &7 1 —BHRE
(ME-GI-Ethane) E5I2IEA % ) —VEXTF 1 —E Lk
B (ME-LGI) %%k LB LiRBREs&2ZTHBY, B
WCHEIA D A BRBICRP S LWIRE 2 L7271 — 8
B DOBIZICIY LA TV S,

10. 5IFAX#Ek

(1) MW T, K B, KRB 2L V=20 va vy q—
YOV D94k, HARS Y V224358 369 ((F13), p.64-70.

(2) fE4AK #, Ole Grone, Soeren H. Jensen, MAN B&W
ATS0ME-GIT A b v YV VB A7 4, HASY
VERRE, 476 ((F24), p.24-33.

(3) MW B, WL EEE % R ROKRES o
B2, HABEELET 4 — ¥R [ME-GL OfFs
HA~Y 248k 512 (F28), p.21-26.
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AL IRBE BRI O W T DEFET T,

B TIIRIEM LD DIC WA WA LREY A 7 VD
REP L ENZOHA 7 ViRERELIENZEDO L%T)
BhINTET L7

FNRERLEINBOEIT SN TW L DR >TW
L DITIFZ ORHRICHIE T & 2408 - Bl IR L 72
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HEEBRITTWE T, TR Y — Y U OB O ERE
S ELER - EHOOD R 513 EERbRLFEY
EholiiElBwEd, 2F I AY - rEhik
WCOWTERLZZBEP OO TALZOLHAVD DTT,

HAY—EVRBEERE T LA b V3 A 2 VR EEA
I CTHBEMKVIREOIEMZERICE ENS L h TSR
BEREHIETVWET, BE - g L2138 E<HE
ZAOLNTWELRERWET, DUFHE U Y — KEFEHEK O
KR —C U A7V ERBLTAET,

FAALTRAT L - BRI EEFIEE40T FHEK
I 4MPa SWHALERICLITRECHMELTE F
L 720 d4E Tl 3 28 K 600 C JE J125MPa, K it 4K
B2 R Y — ¢ TR EERIRETOOC 0P 7 &
nTwngEd,

—HAREY =TIk LICRE L EELY L
¥ — Y AOF ARMEDORELEHD DR CE LG
N E3NTEE Lz MBI Y TREHR
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KON TOEHEZEHLTETVWLDTT,
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TSUKUDA Yoshiaki
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YOSHINAKA Tsukasa

GETEMBS E LA [BER] TO [FRTED VI,
COIRAFPOMIL/za—F—THREL T Z LI L7

—-C—-& #%)

{#E5&] : walk on hot coals for someone

Bkl - [0 Bic, ElzE3) TRERFLZKM
T3 5]

{8 - WEoOARO LEHE TR LV EH O
FIEEL, A ¥ FTIERITATI2004EE D 5, &) fldk
WHDHE)TT, I, FHEOMIPOHENXT, FAD
BRE PR RS 2 NICREDF 5 7:0147hbh
TWRRTT, FHEMRENLE LT, BAOFEMND
WEEMANIRT2DIffibITn/, L FbhTn
F4, HMPIMICIE, FT—a v SEEBO RN
TRABENTVE LA, KRIEIH T V7o 70k
T [Hof] EEXFLAY LTI}, =

DEHE, SHTHEDP LDV OK->TWE L) TY (ML,
ZEER8 ).

MEEPEL ZoTLEVE LAY, COSEOEK
G, ) THBEITLZETLE Y. [HErDDIZ,
fabra 89 21k TRELRFHZKMTT L] T, &
T, ET A “For our boss, we are willing to walk on
hot coals, any time.” & & o T NAHHIZHNZE, LF
ELTIEEMIIRES, E525TLEIS

INT, TOFHEFBHNTT, LFIEEEICL2rME
THAo

RKIZo [NBOARO EEHETHEL] FH (¥

y—% v FTHNET 2 &, M»DORFEOHFEL L D,
VIAX LIz T =7 epds, LoThdhoT [#E,

CARFELTYH, RIFELEVALL] &, HED
DOFTEWHELTWET, 1 Mk oTIE, [RiIFEE
THRUERS ATy 7] bl HFEITTHLL
FHrLZLTCVET, STFTHATLEY L, o
FENE T2k, COBRED) AL LEBETLHT
Lido [BEBICLTH] &, [BEBVTH] &h
DEBA LVWEBEM) bR TE2 L, ZOLFRO
K, HECTETI LA

{ZEZE] : cool as a cucumber

(Bl - [l TEBEV

(B8R} R DOHGEE “cool” 1, &, HVHALOMTIE
ROVD [y afA4] LWIBRTIEDY TEA [&
] e [GER] L) BKRTT, FCM5 &,
Ew ) DIFHLNTTY, EBIZEw ) ) ONERRES
o7z AT, AR L D 10T HEY, EHEL T

EfizA 20164E 5 H19H
*1 My aryiry b

WBEH)TYT (BEEFR]L),

L2 AT, Wik “cucumber’ F, ZThIBEGE
1121, 957 VD “cucumir’ WCHELTWVWT, [A
WER] &h [FHERW] L) BREVWER>TW5S,
EHDET, KIFEDONED, FHSIFVALDE, &
TZWALBRDOTLEI D TNEDEGFHBRANLEDOTLE D
s

COSHEOHERBE—DOBITEL & 9o BHEWIFE
DS, TR OIS B TIRIHEBOYHEHMANORIT, WL
WMRERKRTDLIEI o LELE Y. RS
DREETINDL, GRT¥I555, MFFFF, TH%
DHEICTYT . ThAS, FRICKLT, @3 ELIidwmieso
bD, MifEE DT, BE—D—DZMEDD B L) IZE
LTWwE L7 TORFEEHLTW2FHUMEEDOK
AD, FBRISED R o TR, €220 EEHIC [
F—o Wk, BHZFOLDLEX] LMELT L, G
T, “What a surprise! She is cool as a cucumber.”

D FY,

{ZEEE] : off the cuff
(Bl - [HIE <), MEfiz LTl
(2BR) : “cuff” ¥H T ADHET, HEOTAL T r VO,
WM LHHOZTHDOHETT, TIH,DH, TOFER
[h7 AL T] LRENFE T,
CDZATDHTAIEDIN TN, EECTHlgiz
THENEZ HAVWEY)72Z0hT7AICEEX, BEh
eBRICIE, SThEBARLCELETZZE9 T (3%
BH4)o TOBERF, oM v ZIZHELTVE T,
ZIZT, ZOSEMEHABE D, HHEWIITERD,
EFRIICHEHINT, FROI—F4 7 - 275V a—NE
LTI>Z2WT WA 1554 MIC, HEh L 72 BE S HOL D5
WA, MR LTHLAZELILE) . FOFHONE
DEELIRD B R o 72720, $H, LEIZZO%ER%,
[BIE72 072012, BLRoT N L EDF L,
ZHIIEYFEZL 5, “Thank you. You made a wonderful
presentation, off the cuff” TL x 9o
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Acoustic Mode Analysis of Combustion Instabilities in a Low-Swirl Combustor

A iy ViiE B

YAMAMOTO Himeko TACHIBANA Shigeru

ABSTRACT

&9 PR il !

KANAI Kota SATO Tetsuya

In this study, a linear 1-dimensional acoustic analysis and a series of experimental measurements were performed

to elucidate the acoustic mode characteristics of a low-swirl combustor under self-excited combustion instabilities.

The experiment was conducted over a wide range of operating conditions of the inlet velocities and equivalence

ratios. Optical measurements such as the OH* chemiluminescence imaging and particle image velocimetry (PIV)

were performed with the multi points measurement of dynamic pressure. A simple heat-release fluctuation model

(n — t model) was introduced in the acoustic analysis with the time delay and the interaction index estimated from

the experimental data. The dominant mode frequency and mode shape from the analysis showed good agreements

with those of the experimental data. In addition, the mode hopping phenomena observed in the experiment were

investigated by the acoustic analysis by parametrically changing the time delay. The results qualitatively explained

the causes of the two types of mode hopping.

Key words : #RBEANZELE, G9lEmBREER, T KK

Combustion instability, Low-swirl burner, Premixed flame
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THEFR BT OIS Z 5, MREEEBITEIZB W
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ARIFFETIE, FIHEMI N —F — 2 HAAA AT RA
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szt 20154E12H 28H
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® 2 FHNIZRTIE R IR
T182-0012 FRAG T ERATFIRHT 7 -44- 1

LTV B, gghEm N — F— % FIH L 72 BRBEeR 12 &
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BENDGEVHLILERELTVD, 2D L) ITHE
RWFFETIL, PRBEIRBY IS LR IS A B & A T BRI 72
WHHBL - A D ZXLDELENR R INTE N, HER
Mk 2 58T FORRERREALEHCELTT
SR MEBID L W ODBUIRTH B,

ARFFENE, IRBERBISAF IS B % RBERE) O 52 —
FIEIRR ZDFA M0 TFMNE HNE T 5, FBEEHLR
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Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



400 SEIEO MR IRERIC B T MIRIREID S
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MG BAT 2 S e mUABE SR [ B § 2 2 & T, RO
WA R WIESR, FEE - PRERERO L. HE
ROERUIIRB) OBIE - WIS T 5 720, IREFEE
FMaeZ 25 ETHELERLE b KT TIE, AbF
Je L LRI DT 70 B GG RBERF 12DV T, SO E R
Mrewi L, BEEREESEZIRE L Tvwdo n -t T
W PGS L 728 — IR IEER 0 AU ARAA
RO SN, FEERTHBIE S N2 — FAM 1 O FAD
(IL) E=FTHBHEFKEINTWAH, HL, FHULED
SHOMIMSN, FEBMEEDOREE LT, XDED
R E DB REEEZER bND, T72, AWETH
WD EE LA RO T ESEREM P RR D720, i
ENBE—FHRLEDLETREIND RIFFEOIRBETLER
TRENEHOFHNREIT 9 L Lie 72, MBS
WMASME LT, /7 XV 225 E & K%, ek
WFFE7 & R L TR WHIPH TAIL S &, RASTDEN
WEEVEG 2 BB~ ZO LT, KRIEDE
TR DS S T2 RO T, FEENT 21T E—
FRZENZEET Ho HEMITITHVENF A-5 %
BIFICAIL 72 b D LT 5720, BNIRH « R F LR
Bon2stfll m— s O /RS 50 I d Fll L 2A%
EE— FORMEERDZ20ICMA T, BEOBEAE—F
DORENFFHFEORE S IT). S 512, FERTALNS
E—FRYy V7 EMEN DB ZBRICERL, K
M E BT TR X o TEMMWHD e L 25 2 &
ZRY o

2. EREEL LUEHAERE
2.1 EREKE
FEBRIZH W 7-55hemkBEs# i<, Tachibana et al®& [{
—DHDTH b, FHEOBEZM 11K MBS
!Fﬂ%kil\i N7-595Em N —JF—1%, Petersson et al'”iC &
Rt Tdh B0 MRBEZE O _ERMIZEES) mmo P4/
ANELZSTBY, BBEEAD LA 568 mm Eifllic
AT = I OTFmAME L TWD GFEORERNE SO
M), A7 = 8O NN— T S, T
W CITE M2 D 5> TWwb, PIVERANZ & 5 TR
D HNTZAT = VEIE055 TH BV AT —F DHUL
WL, ERBOBMBAT—FIZAONDL LI RTTT
AT 4 Tlr% L, LMK (ELE38 mmo IR IZESE 3

- Quartz glass tube
pl46 x H495 mm

Pressure transducer

Swirler
S~0.55
¢38.7 x H38 mm

Filter Flowmeter

Methane —)-ﬁ-»@—)
; I I Stati
A s 5 ic mixer

Fig. 1 Schematic of the experimental setup.

mm DALAB7ME) WY TSN TEY, O]
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IR -0 LM THES s, BRE IR SN
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2.2 EHAIERE

PR B L7 L A BRI OIE I E B O RE 7 —

& EHI & K EOH B I MR o BT 2 17 - 720 Ft
WEEZELD F515) IRT A A=V 7Y
T AT EREMEES A TITX D KA IR
&, RIENEBEZRIE5 & LA e %
119 72912, R & WGBSR N ) 7ok
LRGSR E 7 IS (TEAC GX) 12X o> TR L 7=,
K250 57— 7 5igk 0y >~ 7)) ¥ FEIE$1X1024kHz T
H 5o OH*EHFLHEFIINIIBNTA A= v 7 vy
T 7 ATDOFr— MEIZ60 us, H X TS HEE 125000
a= /B, ERFIZ08 B TH 5. 7 AT OBEIX
162 mm U5, f#15E130.32 mm/pixel TdH 5, PIVElF
WoRRIX, £1 FF56-10) OEBYTHAS. FHUHR
131406 mmMW 5 CTH 5, 72, ¥ 7730 AR
F1x30 s TdH Y, LaVisionfhdDaVisy 7 b2 X 5~
WF XA BB OEFEUHIZ L > CTHEWLOFH %
1T 72

7, 2B XK 2 ITH IR BT BT
=) AT ALE Z RS TR v — 12 idKulite
WCT-31258G # vy, ZHEMmMAT7 = A4 A7 L — kL&
=P B B ) WCERE L B =137 5>
Ay FENTEY, PTI3 3BREERICEE 2 5
72HKEGEENT WD, BN —DF—%13, DCT
V7 (=oAL AM32AZ) &4 L TR Bk
i (TEACH#, GX-1) 2X Datskl 720 MK M

9 8 786 5 L 32

R

1

0 | Voo a A 1 R y
PT9 PT1

Fig. 2 Mounting positions of the pressure transducers(PT1-PT9).

Table 1 Measurement instrument.

Kulite WCT-312-55G
Photron FASTCAM-APX
Lambert HICATT 25D
Sodern Cerc78 F/2.8 100 mm

Pressure Sensor

High Speed Camera

Image Intensifier

High Speed Camera Lens

Optical Filter Semrock FF01-320/40
Double Pulse Nd:YAG Laser New Wave Gemini PIV
CCD Camera LaVision, Imager Pro X4M 2048 x 2048px

CCD Camera Lens

Bandpass Interference Filter

Nikon AF MICRONIKKOR 105 mm 1:2.8D
CVI Laser Optics F03-532.0-4-2.00

Si02 of 4m in center particle size

Ol ||| ok |w ||~

—

Tracer Particle
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FIRBI ORI Z R, RN, KB)oFFrL A —
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ET Do NENIB Dpher &, RBEEIMETLED
o — (PT1) OWEMEIZ/NY B8R T 4V 5 LB
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WIS RO KRS Ai 2 IRE T 5. RBNITBIT 5
Towsaver V&, OH*FIZE IR K % HEE 50 A 452 L2 A A
8 L % it L 7288, 7 — OV S RALEE & T VW
WL7z, KEWTHEICBI 2 HHAERHZEL T 5b, [
B2 PIE, NV RS8R 7 4 )V & PR 0T 25 8) % 3L
#E5 L L COH HREmE O 5 14 I~ 7 o
FEEINVAT L, 30EBEICISEDIE (45HEE) <
SHE LT BT, A S B ISP 2 TS & T
RKOTWD, RFTLAY —A 7y 7 ADBIERRTH
WCLTMBRS AT L LI 220, Lil
EH ENDPIREBAEOUESFMG L5, Doz & i
5, EBEREILEOSND, KEWEIZBIT S HIEE
Bl Iope &£ NY KIS A7 4 )V & MUER - {3 AH [ 2 -39 0L
WEOENEBME pser 2 HCTRFLA Y —A VT
JARFHETHILICEY, BBERBOBREIZEN L LT
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7) REMETAIENTE D,

dE
[ — — (D . F 1
= S—(D+V-F) (1)
1T y—=1,
= — -q'dt
S T /0 Sz P (2)
1 T
Raw) = [ oho®) Tsslendt @

Table 2 Axial locations of the pressure transducers.

Number | PT1 | PT2 | PT3 | PT4 | PT5 | PT6
y[m] 0.491 | 0.470 | 0.445 | 0.377 | 0.277 | 0.237

Number | PT7 | PT8 | PT9
y[m] 0.197 | 0.157 | 0.065

3. M E—RTEEMBIT
RPEFOBENERET IV (n - cEFINV) OB (1
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y (R, Wimfk, FHiRE, FHEH, EVvER, I
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T 25 4A—=% (t,n) #5252 ET, RIZBY
BIRB O, He LWIER f 25T 50 HEK /
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7o, WE)OFEASME TS S ETEEREE %5,
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T3, REEREIORARFICBITLE p Rl Eu, B
p OB % FIn L BB SO TEbL, B -
EEE - TAVF AR S N0 WEE X ZE 145,
JEOET 5 p' % AFHE & G & vy oD%k
DEREbLEEL, AT # AFEOLIIEIE, A~ 2K
SEOEIIRIEE $5, K3 DX RERETND;F
HOEIZOWTIE LS - #ELB LR T 5L, K
(5),6) 75, 72721, o IFEBHIREE, kL 1ZWKET
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62p/ 1 82p/
dyr 2 ot

p;.(yﬂf) = A;‘eikj(y*yj)*iwt _Q_Aj—efik.f(y*yj)*iwt (5)

=0 (4)

u;(y7t) — ﬁ(Aj—eikj(yfyj)fiuﬁ — Aj_efikj(y*yj)fiwt)

(6)

T 72, RS L BCREDIETIZ B O % AR

R &L, RGN (y=0) OFMF, K (y=J)

DHFMEENENRATEE, X(NE% b, 22T, j

FHE + 1 FHOBEOBEFICBWTENDRELL RS

b, R ESRIES NS Z LR E 2, BREM%
K8, (N T o

+ +
AL R, St _ R, (7)
Ay A
p/(yf+1) = Pl(y;'r-;-l) (8)
- -1,
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L1 | | | J
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Fig. 3 Quasi-1D model of a generic combustor.
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4. BTN REGHSLVRBZLH/ N7 A —2DHEE
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YRV, ZEHICREWVIRBY -7z /Sy UK
WTRLTWS, ADMHZERIEEIKE 21T K
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Fig. 4 Peak pressure oscillation amplitudes of PT1 as a
function of equivalence ratio for different inlet velocity
conditions. Large and small symbols correspond to the
pressure oscillation amplitudes of the 1st and 2nd peaks,
respectively.
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Fig. 5 Peak frequencies of PT1 as a function of equiva-lence
ratio for different inlet velocity conditions. Large and
small symbols correspond to the frequencies of the 1st
and 2nd peaks, respectively.
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Fig. 6 Powerspectra of dynamic pressure (PT1, »=125 m/s,
¢ =069, 071, 0.72).
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y[m]

Fig. 7 Schematic of the quasi-1D model of the combustor.

Table 3 Parameters of the model combustor (4= 0.71).

Section number | Mean temperature | Mean pressure | Molar mass
T[K] P[kPa] M]g/mol]
1(Unburned) 300 101.3 27.95
2(Unburned) 300 101.3 27.95
3(Unburned) 300 101.3 27.95
4(Burned) 1855 101.3 28.06
Section number | Heat capacity ratio | Length Cross section
v L[m] S[m?]
1(Unburned) 1.39 0.107 0.007854
2(Unburned) 1.39 0.384 0.001963
3(Unburned) 1.39 d 0.016286
4(Burned) 1.25 0.50-d 0.016286

Table 4 Boundary conditions and the parameters for the n— 1
model (v =125m/s, ¢=0.71).

Reflection coefficient | Flame position | Interaction index | Time delay

Ry Ry d[m] n 7 [ms]

1 -1 0.09 1.7 7.7
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Fig. 8 Local Rayleigh index map. The circle indicates the
position of the mass center of the thresholded high
Rayleigh index distribution in the near-wall region.
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Fig. 9 Phase-resolved profiles of the dynamic pressure, in-
let velocity and global OH* intensity (v = 125 m/s,
¢ =1069).
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Table 5 Predicted mode frequencies and growth rates.

Mode | Frequency[Hz| | Growth rate | Stability
1 114 1.76 unstable
2 159 -47.8 stable
3 266 -20.3 stable
4 370 22.3 unstable
4’ 457 13.5 unstable
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Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



Vol.44 No.5 2016.9

SEREEIRBERR IC B 1T B MBIREN D E B £ — R 405

80

40 . o 00g
20 ) op

& o AT ¢ S
-20} -
-40

-80
0 15 3 45 6 75 9 105
T [ms]

(b) mode4

15 3 45 6 75 9 105
T [ms]
(¢) mode4’

Fig.10 Linear growth rates as function of time delay.
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Fig.11 Mode shape and phase difference of the mode4.
"+" indicates the corresponding experimental data.
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Fig.12 Mode hopping observed in the experiment.
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Fig13 Stability map (¢ =0.71, d=0.09 m).
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Fig.14 Liner growth rates of the model and mode4.
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Flat Plate Experiments and Consumed Power Measurements for Active Control of
Tip Clearance Flow of a Turbine Rotor Using Ring-type Plasma Actuators

ABSTRACT

MATSUNUMA Takayuki

ﬂ%*l

SEGAWA Takehiko

Rl )|

Innovative “ring-type” dielectric barrier discharge (DBD) plasma actuators have been developed to facilitate

active control of the tip leakage flow of turbomachinery. The ring-type plasma actuators consisted of metallic wires

coated with insulation material and embedded in a tip casing wall made of insulation material. In order to construct

a two-dimensional model of the tip leakage flow, a flat plate was inserted with a certain clearance to the rectangular

test section of a wind tunnel, and velocity distributions near the plate tip regions were analyzed by particle image

velocimetry (PIV). The forcibly-induced tip leakage flow was successfully dissipated by means of the plasma actuator

flow control at fixed peak-to-peak voltage, V., = 12.8 kV, and various input frequencies from 8.6 kHz to 16 kHz. The

most effective frequency for the reduction of the tip leakage flow was 14 kHz. The evaluation of consumed power

was also carried out using V-Q Lissajous method. In the flat plate experiments, the consumed power for reducing tip

leakage flow with 10 m/s tip leakage flow was estimated to be 55 Watts.

Keywords : 77 XX 7 7 Fax—%, FFHEAN) TIHE, REMIE, ¥—v >y, BIEmEE, Rk,

HEE)

Plasma actuator, DBD, Active flow control, Turbine, Tip clearance, leakage flow, Consumed power
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Fig. 4 Absolute velocity distributions near tip clearance exit of
flat plate at various DBD-PA input voltages(f, = 8.6 kHz)
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ORI X B L oxh®E (Turbomeca, GT-56608), ')
LY=L DNR=TRNDONTHMF YT 4 E—F
(ETHF = —1) v &, GT-56661), Zh=[aLozo 0
Ky —Croyny— Vit (rv719 v IK, GT-
57495), ¥ v BT 4 5 D8 — VK L EEhHEE o
(KTH, GT-57735) OifiiiAArbiiz,
BEZ—E>DEH ZIAMGAIER B L O
NS CTORmAMEY O RS AMEEEC KT S
(Y= /%K, GT-57580), DBD7/ 5 A< 7 7 F 2T —
ZIZ X BRI (L > bR, GT-57432), #1158
Y — VR OFEBEH (N —7 7 =K, GT-57101),
¥F7— NIV Y UHKRESY - VBIROMBH (V)
INK, ikATEMGE: GT-57746, FEMIZBIFH N O E: GT-
57725), BFEMH X & ki = — 7 2 £ 58 L 723k Hl
R ERENEOLZE (PERAIKR, GT-58163),
RoOuBar I L 2L (579 v YK, GT-57367),
TI6R DN THOI ) ) JOFEE (FLAF VL
BHK, GT-57399), mWHEEHEB A >~ > 7 ¥ ARFIZBIF
A TI06CHE O FEJMMFEE (I 2 >~V lFEKR, GT-
56287), LA J VAIBHAE—EEB X OAOOELILE S
FEHROEE (2v vy FHV K, GT-56133, 56134)
DRERDH > 726

FEERN WESF-—CVEETONTHM) LAY -V
PHORNIHNE EROIEERHTH (2= 201 A
A, GT-56041), Lattice Boltzmanni®: % 72158 ¥ —
vy odEwimn e T (EuroXA SARL, GT-
56364), A 1525 #8551 A W 0 I %8 it L o B R
Bt (WEAER, GT-56560), FH -5 —Y v OIEEH %
TR~ RILOFE (35 7 TRK, GT-56650),
Ay —=VEROBRHENLOEE QL RK, GT-
56848) DFHAT bz,

WEME MEmLOFPRERRE (77— TRK
GT-56044), MRIFEDOMEL , ANV %M L C i BEEE
OTFRICGEREERBR ZAE L2 KiEy — ¢ v (RER
FT7 7T I—, GT-56141), K#s — ¥ v EBTOHIH
AELEBORRKED Y (5> 7Y v VK, GT-56667),
KEY—Crorzuyxy 7 (5790 v IR, GT-
56668), HER Y = v MENTEHWY 2y by Y VIR

— 100 —

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



Vol.44 No.5 2016.9

2016 FEASMEEBE AR Z2—E &5 423

W OFAEEN (EFTT, GT-56947), WE4EIZIRE X h
7o [BRBESR L ¥ —C ViR AERAETAa T M &2
I VY v Gl TEIRNT & FEER & BUERRAT T1T o 72158
(Fv 27 A7 +—FK, GT-57355) »%is Sz,

3RITEEE HEHARY —E L OWKRRED-DODOR
MARSABLIOTL Y Fy+ —VBROHFE (L F
K, GT-57138, 57140), A7) v #WEZH VKT A

O BR T, Radial Compressordt > ¥ 3 ¥ T34
4, Fans & Blowers®t > ¥ 3 ¥ T4 HORENDH D,
BIAEI A DIEEM B TH - 720 WIFERG % KT A5
UL, IGVEE DS 4, BRBAED I, T4 72—
FESIE, A7 =V BLP)F—=vF v AV
WO T, BLOY—CVHESS DY, 205N
IRV HEM 2L HE B L O — V7 EORLE
BERYR-72bDTH L, /2, ¥—3 T MY =1
A M XD ARERE % HIH T 258K b 5 b - 72,

BREONFRE ZW-72bDE LT, [ T a—HIC
B BN L RN & OME W% T L7z
b (GT-56488), fxw bkt S Mgk & ifinin & i P
D[RR % FEBL L 72 IR ERGR 2 RERI L f AT L 72
LD (GT-56546), FIMRIEIEREICE € B L OOT
AT =T RO AT, FEREEREEREOIE ) B L Ok
EBMICHS 2 L2b 0 (GT-56436), b — h RV
TYAT A BWTR Y SRR VEBiE AR & § % ml
JE A5 B & MG AT & CED % fLA & b8 7o B A I s b
WL DEFIL2b @ (GT-58177), HHIF-WEABI O 720 D
a7 7 > D ) A4 ZHED 721K TRV < Vs
X)L T 572 @ (GT-57234) 72 EAMM S iz,

BEYGE B L OB E RPN RICHF SR E VT«
T 2—=FIZOWTOLEEL L OISR SN, Kl
DNEBRRMF 1+ 7 2 —FORFHECHT 250 (GT-
57044, 56168), FRBLAIINZBU 5 FIERDT 1 7 2 —
Feoxy F 7 RITTREEZRHLL 0 (GT-
56244), A7) v ¥ —EfiAl2T 4 72— OMREE
R72b? (GT-56255), BFEMOAFMNE T4 72— L
OMEF TS S REE R TN % Alternate Stall &
LCHLLSHBLZZd D (GT-56485), [M— &) % H
WTC THEHD DT 4 72—V OEBRERZ LIRS L&
LD, T4 72— FREAMOEEPRRNEL LT

sz 20164E 7 H19H
* 1 RRERYFRABE T2 7ER
T852-8521 Ml SCHMT 1 -14

N7 MER=voZkENEE (7)) v YK, GT-
56625), EEFEMRBED VN4 ¥ K94 2 )V THZEI%E
(=X VR, GT-H6439), WHZER LY &Y —iih
*EB LT Pyt — VRO #EER#E{L (AVIC,
GT-57219), CFDIZ & % fd b CRIEE R O IEIK %
CL72HEFMEEROZZ R THI GT-56516) @
HERIMMTbNT,

L BIR

W e

SAKAGUCHI Daisaku

Fa— 7 MEICRITTEELR I b D (GT-
56732) 7 EASHBREGE

ATZHA—=VR) T —=VFx AN EZOWTIE, &
HIEROZETIZ L D RELEDSRETHLI EERL
72d® (GT-57057), 3WILIBIRDY ¥ —>F % ¥ 2
N—YOFIMEER LSO (GT-57713), HULN-F
Koy y—vFx v rANR—voitg (GT-57777), %
LT 72a—FBITAZ0—LiZonT, #l
% CFD3 X OPIVEHINC X Y MRk L 723 @ (GT-56299)
VRN EIN, Ar7u—NzEgdi-ElREmIrE L0
L—HEHINC X D HWE OMETHB LA 70— i
BT DEENHL LI ENDDOH D, T72, LI 71
TV VDY —RF =T x =TI, A7 ua— )i
COOENEH Y — V< — 3 VIR T HENHH S
NTEHT, HOENEBHZLEITET T L EBREE
(GT-56109) AS#RAr& M, H— VWO FE 7 PLIE 233
L O LMFFEI NS,

PTIRBEANI BT 2 LEWHKE LTor— v 7 b
J— R A Y MIZOWTIENA 7S AT OB I TE
BAREF), HEEZEAETMELZZd D (GT-56243),
BEET7T N T) XL EZH 22N REY AT A
WL D HEEOL R WIREEIRE RO 72D o (GT-56610),
BB NO T A FR—V O R EFH72H D (GT-
56672), 77— 7 M) =XV bOREE, TR
B oRh S & FEM 5 & 5 Pl GElgn) w8 e
Y3 CREili L72d o (GT-57070) 25N S 7z,

T2, AR LT ELOLEY, AOTL FR—
v, BRI, T4 7 =W, PIRERD o
EHIIEN Y=V Ty VAN EED ARG R T 5
Zkicky, 2AF—VHREOEMR R FHRRIUELOR
BrHoMLzbo (GTH6551), ¥y ETF1iiht
Fi & OMHEFHIC L 2IROFMEHS I L2
(GT-5808), FIM7ZA L7+ 7 2 —HIZHBIT B IEREED
WAEZHOLNIZILb O (GT-57604) 7% EH5EH S b,
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5.3 W RN & BT T

JEHEHRNEETIZ, 8ty ¥arT38EnIHHE)
Holee T, BENTEB I UCFDEE T, 12€ >
¥ a VCBMFDORENDH Y, W7 —< & HITHAEIZHAN
TREMENE o720 7V T TOHOIGTIO R &
WHZEbdY, FHI, FEIPSORENSE AN,
JEEH 227 TI1210fE, CFDTIL, 158 E 2 5 D%
HThotlo T2 Bk SOREETIE, 14FY X,
FA A% £, Whittle Lab®DLRE V172 H X ¥ — ¥
VB OMFZEE IS, I v A Y v MCIEEDTD
NTVBHETD) PR 5.

WMesr—~& LTk FEWZH -CFDE
\Z, DESX°DNS/LES%: o & 45 BE gt 47 -3 % H v 72301
N OB AL LY EFshTwb, CFDME T,
DNS/LESICB 3 %+ v ¥ 3~ & LT, LES and DNS
Compressor and Turbine Applications& LES and DNS
Turbine Applications® 2 2D+t v ¥ 3 23 0 120
DIFFH D o720 DNS/LESDH A & — ¥ ¥ ~D 3%
ELTIE, ELUA 2 VA CoORRHEEDSHE & 2
LLPTZMRICIY EFboh%abhb, T106
RH| % MEEEM & LT, DNSIRIT 21T 7258805 )
7z — 7R3 —F —FEEEB O FEM 2 AN OV TG
ENTwb, (GT-56700, 56838, 56858)

LESO@HICE LTI, % —E Y23 LTwa8iH
HBA, EMBICELTOEASINE LI R-TED,
Wi E A% (GT-56344) R -LJEAMiHE (GT-57169) 12
M4 558ENDH o7 GT-563441C L Tix, Bl
RO EBH DA T A T4 7N 51) Tld%e <,
F—=nN—=ty F 7Yy FEWEZ LT, HEHEBON
HIZEZIT> TV 5,

JERH 22N DOFEIZB VT, LESSDESZ #A L7
Fgeix, £ Ao s, KREICHT 2L ~DDESD
W (GT56154, 57104), F x ¥ 7 4 O NICLES%
W LU 72fEAT (GT-56393), & 2 LESH#AT 1312 B 5
LWFge (GT-57468), % BtIL i b~ DDES/LES® i H
(GT-57218, 57241), LPTOHELIEER IS 20%E (GT-
57205, 56653) JHPT® ATELALIZBI 3 5498 (GT-57358
56911, 56980) %% < OWfFETDES/LESAH W 5T
5o

EREtt  20164E 7 H26H
* 1 GRLH TR Bl t v & —
T190-1297 V0% EETREGARNT B o 45229

%ﬁg‘é }% AI.‘»*I

AOTSUKA Mizuho

Z N5 DES/LESS o mfs BEf T 3513, sl 2t
LoigIIZ, AMTH LD, EEORFHIENT S L
T, BT A N0 TEL LV MERD L, &
D OBAFOFFE TNV ORI T 280 #A (GT-
57637) %, LES% m# b3 28 ) #MlA (GT-57468) b
FTbhTWwb,

F72, LPTOERICHE L Tid, CFDZ) Th %
BAFZEIC B M E TV B (GT-56350, 57884) . 4
WKLPTOZBOMZE TR CINY EIF S5 5TI06E )
RANCEIL T, BEAET— & Rihdo 3R N %2 50
A, —RICABENT WA 720, BEED BWEM 27 -
TWhb, ZORRZONTOERWIIEI TR TEY
LPTIZHB T 5 BBICH LTI ICHBRE VR R H T
W5 (GT-56350) 0

JEH 22T B L OCFDENT FEICB LT, R
N e BB 2 i e, FEREB TR F
BEORBICHWYMFENTW S, 44E1%, Harmonic
Balance (HB) FiEICBT A2 RB R0 R S5 iz,
HB%# % —Y > Z7 b — b A Y b OFENIHERH L 726
(GT-56990) =, WEIFLOMENTIZ#AH L72# (GT-57199)
SRR TISEE SR TOW AR DA OEB5 I LT
HBF: & @ L7z o5t £aitbi iz,

CFD (£7Y v 7) T A%ETIE, DEilzET
RV, (LR A Y N—= AT A Y OFTENERS
NnTwns,

F72, HEDL L OW%IE, CFDZAAL Tirbh
TWbbiFTHEA, EHa— FOFH»—ELEAT
Wb, ¥F—FRKEMTEHONTE I -
L Tix, ANSYS Fluent, ANSYS CFX, Numeca FINE/
Turbo® 2317 5N 5 %%, ANSYS CFX%Z MW T A HF
AL o TETWDLLIITAZITOENS,
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6. f=ZABIR

i 2E

oty v aryrcid, ¥—F Mk EFH
IZZ WRBUSTI D L FEK S Nize ZOWNRIE, =
BREH AWM T REEA3AM, 74 V2 &H (FEBk
20/, FENTI3ME), PR (SEER19WE, fF BT 184 ),
ConjugatefzZZ11#E, BL T — KW (GHT X 7 24
&Y — )VREE), PRBE (RBERRBEOWH)), MEELHSE
DOy Ta S, ENEN36H, 18, I TH -
720 TV T TR CTHME S NL/ZASMERBE A X ¥ — €
VERHTH B O E BB T OB LB EEIT S &,
KIE62%, 45, WE27THW, 1 &) 718, FA Y
THE, 7T ATH, HASH, AAR4#w LDUTHEWE
EoTWT, 7 VT HBEOBEIZBRICIZEALTOY R,
SMEINE LT T 4V WG HIBEEAT2HE,  PIERGTE R )
3T L, T2 5 EAMIAEE D) BSOS W TH B,
— R {GEh

Pek, HFHOERT— 5 Lkh o BT
(M=095) T®squealer tip?® i & BA5ER O M 72
SATH, BEEE L, EWRE AT v TMEAT AHIRY
A G BIEEHEE T 6 DMLY A S DR X H
L35 — Ao 58, CFDMM» oM I 7
(GT-57579, 57587) o MKW LifitL & TipY — Vi L[f] T
MOWTFEPELL ZEPHESNTVE, TV Rt —
Naryy) o eliLzBR TSIy b7+ — MBI
B~ — B 297 FRIOI AT 54 A~ bk
{REAN O BN T BRI S N7z (GT-56128,
57763) —EiHHE Y 2T FHiFDORA T v T3 B H%
P9 % A350% LA B R E R A N S 2 B 7 ETERAL
Wb,

PEPIZN 1|

YA TR TANLEGEHRREANOF A W T ORBEL L
T, vy B, LA VAR, BERREYS, BXUOER
LA BE & 85 B T o S B ASEEINIC IR X 5 72 (GT-56152,
56210)0 T 7-BEB L CERILNREI D7 1V 2 %H)
2R E ERMOBELOFEMAA T L APIVTHlE Sz
(GT-56209, 56967) . HAEMAAT OMGEH 77— % & LTH
JHTH D, #H L & L <CAdditive manufacturing :
AM (HARTIZ3IDT) v & —ELiEn 5) 12X b 84k
L7274 v AL, PR 209 0 K THHL S DR 2
BREZ AR EBRIL BRI N TS (GT-56698.

EfaZAy 20164 7 H22H
w1 HEESCRAZE KERTZEFIRE - ¥ 257 AR T2
BITS55 - BBRA5S TR
T769-2193 S & HEELS14-1

KA B

TAKEISHI Kenichiro

56978, 57787 (—#¢fnEL), GT-58093 (HFFEH) ). ¥ —
Y UBREMSRICET OS2 gy MRS LICEL
T, WEM LERITEEIC T 7 1 A e & OEHINEE % Bl
L, A0 v D7 4 IV AEHERANDERTH 5N
(GT-57371) , F =R RGBT O 7 1 v A H
®EDSPSPR H W Cilllg S 7z (GT-57356) . PSPPIk
FOEIHBI L 7B E 53 2 DTy, BRI EEARAT
OWMHDOBIESLETH bs 74 IV AGEY —E U HRE
NDOFRY v b O ERHT THIRBEANOfFE TR S
1172Thornton and Ning€ 7 IVIZBERE 2 AL 5 T
W L7 AT TSR E S 7z (GT-57997). 4 MG %
BCTRY Y N ONERITCEN 2 FEE2RMETLTH
59,

PR ED

7 — ¥ VEFEONTIBEOMLEIICE LT, MiERR
DOBILENDFEBERTARON TV D, FEERIZ) 71 2
Tk & Y V7 4 Vil (GT-56307) , e—7—3 3
VEEELSEDOMET O TAIE Wi 1 s
(GT56413) , 74 Y TIVHANDA Y ¥V T X v MGl
(GT-57145) |, BifEREE~D A Y ¥ T X v MEH (GT-
57594) % & TH Do — Il MMM TidFtd Y 7 (GT-
57832), Bi#EHNTE~DA Y ¥ ¥ X v MEH (GT57178)
Y WERLEEY — VU L BEO A O(EEERE
HRDLBN DB INT W5,

NG HI OEEERER FICBI L TRVl T —2 >y
7 (GT-56016) DFUEMFNTAGRAHE E N TV 5,
PAEZREE S H]

PRBERR~ 7 — C VIEFHROE D% (Clocking)
HLESTHNT S (GT-56443), L & 72 LEHEEDLES
M (GT-57957), RBE L BEDOLESHAT (GT-58016) A%
W shiz.
=B LU0O0—-2AEHN

H—%F— - A7—F7—Fx 74 —mNICTHLT
DNSHRHT2SE R S 7z (GT-56486) . — Bl & —Be &)
HEO My FHBOFMZRNOE LR T v b
T * — DMMEBANDOEENTH 5N (GT-58098). 7 1
A7 EOFRN MEY OBIRESE, RIS A
YTF=VBA - MBICHEHEREREL TS (GT-
56470) o
e

Tk, ¥—V U HREBMEICAMENEET S L
R L7z bRe Y — e S - mE ORI LAHES S
nNTws (GT-56084)
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7. RBEDL K ORI AR

Z D5 o5 FI1E ‘COMBUSTION, FUEL &
EMISSIONS” b5 v 2 ?d32t v ¥ 3 » 118, “COAL,
BIOMASS & ALTERNATIVE FUELS" 6t v ¥ =3
> 257, MICROTURBINES, TURBOCHARGERS &
SMALL TURBOMACHINES" ®Microturbine Combustion
and Fuelst vy ¥ a vy CTA4thEH o7 F72, RilE 1
N v 7Tk RBEOREET, E2MNT v TR
IR O RAAL & RBE™ ORI DR BE & HEST A3
Tutorial v ¥ 3 ¥ & LCTH» N7,

(1) “COMBUSTION, FUEL & EMISSIONS”

B—HBOEINCRBEMBE KR L, ¥4 39T
23D KEZ Ll > TH Y, HEDLIM, 4460139 fFo
AT =TV, N TAFZIVT 6, 77 AE0uv7T
5, HARLEED 4, A=Y T, AL A, A
YR2ME, ARTIN, BFF, TANT UK, bva
1t THo7ze FAVOBERMRHIE, 1 ¥ FoRE, &
El 2 HI3HRS W L &, KRETRfE S L 7zHfR &
D3 ARG

HA? O 0FEIZ, %EH GOEHEAKR) 50 "%
BEA L EVE OB AFTE" (GT-58170), #HH (JAXA)
50 “MARETFICL B ERABHHIET (GT-57453), #h
A (EEHIAT VAT LX) BIZED “FkEKSE
Syngas% HMSDLE #8E2f OLES™ (GT-58119), ¥ &
W) D “BEBRA A S - A ERARD K
J&" (GT-56829) TH b, %, Aachen LEKOWZEH
PN ONEETIE) & LA T KRERIEHIOMWIE
TIRERBESRONOXFEL FME T V" (GT-56189) %%
FLTWb,

BRI A B & AR o 1A & sE b 3 Combustion
dynamics FAFRDIERIT XK TE L, 3THTEHRD
173 5D Twb, TOHFFITIE, A TFIRARIERC
BUAREBBEOMEORIIZHEONTND E VW) H
W bo AT —FRHAT v TREIZBIT BN
DANEE TE N R BATE HE D FF 8 1k & T 72 JERENY 2 W g
(GT-56622, 57322, 57061) 75, P Y ILDOEBEIZ
W3 B KEDORE (GT-57428, 56584) *°Flame transfer
function ZB§ 558 (GT-57316, 57485, 57699), By
VATAT T —F OB K BIRBE - KROAREE
P O R AR R F M O fEMT (GT-57442, 58179, 8169,
58170), EEGBRNTY — ) (GT-57818, 57129, 57659,
56571), ANEEVENT (BB 5 B AR D 22 [H]

JifRZA 201648 H 1 H
* 1 BEBOREPTAARE
T184-8584 /NAIliHEEFHT 3-7-2

% BE*I

HAYASHI Shigeru

DA D (GT-56369, 56309) R ANE T C O M 7%H %
Bedm OBEHI (GT-56345), & &Mk 2 E BB O € 7
VU TREDIZODOFEE (GT-57913, 57500, 57583),
HIREOF 54 =5 1) 7 (GT-56671), HZESY
Y= D WEY HBAALE & F 22— = 7 (GT-57799)
D &9 RIEFE - P E CIAHICD2 %,

RN D % Combustion Modeling (127F) Tig,
AT = WIN=FIZBIT BT - KETHRWRE 5 O F
W (GT-57353, 57478), MRBERHELIRE T IVIZ X HRERD
B EMREE (GT-57625, 57694), LESIZ X % FiRA KL%k
s B ME O, O TIRA AT — VIRBER D%
PRILHL, FEHERRBEGE O P (GT-58074, 57146, 57512)
T EFELR I NI,

# 3 f.1ZCombustor Design & Development (10f4)
T, Siemenstt#SGTH A ¥ —E ¥ DN—FIZBIT 5+
VRIS & B RIS T O BB R ER R (GT-57111),
] 4k 855 4 #iEAADLE/N—F (084 1 v bR X £ V4
W KR SRR % 17 9 72 % ORich-Premixed-Lean
combustorz #75) O70 ¥ {4 7 THf Ty MO
F¥ (GT-57338), [ /S—F Ofii/NE TV & F w72 K%
ZE L HEMIZ B 20858 (GT-57336), DLE#ABER: T it
DI rITary s METHRARBEE T &I
X VEBIEEBH 2K 5 2 L0 L7-GE #H#EY 5
AGT (GT-57964), COHEICHR & & 2 b N5 -
MBI 70 —XARFAY—E ¥ A 7 VOFEIET T~
bEBRBEY AT A (GT-H7142) R ENFERINT. 2
Z C b Siemens Industrial Turbomachinery AB & &
7z —7 YLund K & O##EATH Z5[<

#5447 13 Novel Combustion Concepts ( 8 ff:) <, =
N7 MERHBE L, VT N OSVEE TR
L7z F—F Y IRRBEE NI SO ERIE 2 TR L, €0
I BE S & B BRBEIEHEE H) 2 R % High-GRABE 7
(GT-56215, 56216) %/ AN H A FX— U\ FAT 7 fllBE
i 2 72\ A VBRI RS (GT-56046), 73V AT b
A= a vy vV AERLAZE (GT-56713, 57813),
“Flameless oxidation” @ Sequential #X B %% ~ O #
M (GT-58079) 7% &h & Sz, % 5 IZDLE (6
1) T, NASA-GlenniZ B1F 5 ENOxIA BER] 78 0 BE 35
(GT-56100) R HHMWAA ~ ¥ =2 ¥ (GT-56722), LDI
BEF (GT-56499), 7'u b % A F#RBEgRToO L —¥EH
(GT-57242) & EFNTwb. 647ix 5 FDSoot and
Particulate Emissions, High Hydrogen Combustion,
Ignition and Autoignition T Flashback & Blowout,
Premixed Flame, Atomization, Cross Jet and Swirling
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Flows, Chemical Kinetics 7 &3 722 7 — < 236573,

V3T S DLEANOX#ABE R K R IR BEIC B2 1B L 72

HETDH Do

(2) “COAL, BIOMASS & ALTERNATIVE FUELS’
EWAENE, RE 7, A2V 758 K4y, AT

&, hE, WEz2M, 79 VA, HEE, HR, A RXT

I, AVFT UV ABKE1IMNTH o720 BT 2y MR

ok, €7 v 7, e, BEESECTOREB (GT-

6086, 57361, 57570), A1k ALBIE TIINEDO, DOE,

EPRL, [, HEOWZERE 70 77 508 (HIZ
GT-58372, 58346, 58320, 58335, 58324), GE® B ¥ T H
VE—REEMR DR Y (GT-58254), Zfll, x % J —
v, TR, N F T4 — BTN BRBEIZ BT B SRS
bz,

(3) Mircroturbine Combustion and Fuels

W E 2 &5 UMGT PR I6E i BE 53 C SLEL AR HR BE &7 D HR BE
FEPE (GT-56941) & /N AT — )V K %D %) & 2%
1t (GT-56944), F A 5 IKFEBRBEH100kW AR
GTHERLVT Y 7 2V 2 3 L — 7 TFIRAE DR RR
(GT-56381), HAMNSEZFM (AIST) HIickbT7 V€
=T HRBE (GT-56954) DIEEL D - 7z,

4 lg @ CTutorial % % b O Z B L 720 MacGill X
DBergthorton®, T4V F—EEEAHME <, Bk R ik
WCHER DB HKFELD D EEE THIERICKEISHEET
HFeR AlD T 813 % BN 7R (EFECIZ = A
F—IMER) THBHEWIH)BBEOWMRIIANLNTH - 72,
ENSOMEREIBEGCTICND L &) ZorR™ L)
T A Y MIHERD S DEWITTE N,

8. L ZH

1. 2fi%

1] 48 43 ¥ 12 Controls, Diagnostics & Instrumentation
(CDD Iy 74 HEELTBY, Hlisr Bl
(Controls), #Z Wi (Diagnostics) 3 X O%FHHI
(Instrumentation) 243 & T w %, 4 #H 1ZCDI
Fa—brYTN -ty g 2T, [Moving to "More
Electric" Engines] &L T Y YV VEBLY A7 412
B9 % Al & S0 L 72,
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