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L5L5DTHHEDT, TNENHMNT S,

41 NAFTH/ =]

T% ) —) (C.HsOH) 138 (v a—2A, CeHi06)
ZEFHCLT, WMAEWO - TH LW EM 72TV
I—VEEBTEESNK, SORJH, B&H, LRI
B b TWA, 79IV NTIEY M YFENRS, KE
T brEOaI»s, BEHTY 2 —VvoiiEitrb
NTBY, ¥V VIZRETHLVIET VY OB
BELTAKHMBALTNS, HRTONA ALY ) —)b

QEFERUKFERBE QA ERBE

N

7

~ K&

RKIEY) —> BEES
TO—R ——> HBE

g BA —> JUtIr . EikiEmEk

4%
24%

> — AR A

76%
52%
0,
20% > B

FAIECE —> RTFE FI/EE ) S

ik k%

K2 X7 UHEBEOXAT=AAN

_6_

Download service for the GTSJ mMember of ID , via 216.73.216.204, 2025/07/04.



Vol.39 No.6 2011.11

1N A 2 ZPEI OB LRI 385

BV VIRES T LT, Wk TORMEBRR AT X
OHIFIZORITE I VI B E DY, A2 DN
I8 ) —VOU A X B8 RAMRE ENOH - TAR
AFENA T ZAER (FhTFRE, U= (BHAR),
KRR ZEEETENAFTY ) —LOBE K52
FEHONA A AGH (bbb, bbb, KE) %E
BETENAF Ly ) — VEGEF OB - FEAEDHED
LNTW5b,

FEEHNA A~ AGFIE, BKHe L Tere—X, A
Ibvu—R, VIFZUABREICHE D Ho TREEE L
TWwhe TNEIEIC X 2150, WA, &
AR Z o 7o RV, BERZ o 7200 e U2 A E
bELIET, TVI—LVERBOERELZ 7V a—
2A%1BDL, RAI VO —RAEMRLTELNLF Y
O— 2%, WEOTINVI—VEETHW LRI BEYT
ELy ) — VIZERT DI ENTER Y, Z I THEET
BHAMZ 522 ETHFIO—RAB LY ) —VITEHWTX
LUEWEREL, IhEiHwTzy ) —Vva LT b,
TIVA—VEETHONDL T Y ) —VIEEIZS ~ 10%7%
DT, FHEREWFAKIZE 5 T95%F Tilkim L, s
PEE LW,

4.2 NAFT 1 —EIVEFE

INA F T4 —E¥IVHRE (Bio Diesel Fuel) & 1%, #i
WSk OMBE A 5 7 & N 2 BRI B ORI TH 5.
BDFE b EbN A, TNREHEETH L, /N1 F
T4 —EVREOERE LT, ENTIEEICHEICMHET
LzBEE A b Twb, g (Y27 EY R)
BZoF FTIIMENEL, BERRYTRED N T TV
DOFERIZHEDLDT, THIZAY J —)LEfilfiiziReTT
AT VIO Z R L, RITEBAF VAT VL7
borflibhsd, ZORBER4ITRTA, BIEwE L
T &) UHERT D TEOHEMAMTTED Z 2 %
FIUX % 67\,

AL TIEINA F < 2B O ARG L LTI Z AN
TWHEDELL, 779X IRIx baT7 7 0EIPLHE
SNLMEEIFEEIZ LT, NS 474 —EVRE o
DTS, F 7B O PGB IhR % %
Bd2b005H), hid ATHICKERET2H A D
BRENTWA,

4.3 BTL

BTL & idBiomass to Liquid® W& T, N F < A0 5
WA 2 s 5 7O A RO ZF DB 2163, i
BEB BN IR BT LT, KFEL—BbkEE
Bl-ob, IhEEN, SESRMET CMEERS S TR
RRALKREEES . V) v, KT, Bk &5 T=
DHEARBALKZE DR SN D130, BOTEOT v 7
AT Do FMBERNEFEEZLZ LT, ¥
AFNIT—FLRT N I—VEHETLIELTRETH
%50 BILTIEL NI, N4 4125 /=), NS4
FF A4 —BIREE DI, RS A F~ AR 04T
fEfio—o L ENTHBY, BILZ7U L XIZDOWTHH
EWFFERIFE DD H T b,

BTL7 vt 2%, KFE, —BILRFICELHETEL
OTHILFERHIM TS L, N AT ADSATIE, A
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seni | e e
BE (15°C) kg/m3 916 874 783 830
w (30°C) mm2/sec. - 55 4.1 3.7
B (100°C) mm2/sec. 8.6 - -
5N R °Cc 274 180 116 70
a4 - 62 98 58
TRED °C 25 20 20 -15
HWHREE MJ/kg 40 40 47 46
. 10%BHEBE °C 588 333 272 220
INBHIEE °C 614 359 320 335
HES massppm <1 <1 <1 6
RS mass% 12 12 <1 0
FEED vol% <1 <1 <1 19
hniEEER Al 0.12 0.26 0.00 0.00
S HnIEE ER 1R _mgKOH/g - 10.40 0.06 0.06
*115°C, 1665 BR R E A H
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£ 2910mmTdh b, PREEH 23 H g%l - THEE &
N5,
PREH R %

M“.mga

X
FRRAXTT — 4 ==

ATL—Bhif

2FL—sZ0" g

BT N— i

ERERELE bt
RN A 5

1"}7-{:&

i3 $ULE

=~5i/h

AR

20 BRI

B 2 RO A, ey v o, diEn

JEJRRES, b— hAR—R, EHEMH»OME S, ik
T AL CHHEZRE LK, Hile—MA—2A%
BT, WAL ANANLEPND BN E 7SR
ZTNENT O EREICEAETMEAL, 25612, BE
2 ohn ) ANVETORED v —% — Tk L THRE
WA W L7z PRRHIIREL Y ¥ 7 Z EF TN LR
J ZANATHFR L 720

PEA A, A A G REEIC L D ET S i
AHIDAE—2I1ZFSN (ISO)"T %m?éoit,%%
WTOTTRERZFMT 5720, ZaEVIEIE, §
TREOIRETH 2KLHE (K33 OWIUREL, Lok
JEAH) OFHIZIT > T b,

iiﬁ%ﬁ X, FIRBEERICHTEOWE (400C) B X UK

DZEF R MH L2tk BENA 74 52— 0
Jﬁ)\b g OB X O & O #E 2 ks L TR
EENKLIZ.

ENZENOMGAIREL TIN5 720, FhilkEd—
T B LD ICRER IR PREHREE 2 FREE L, MR
WL DXLz 72720, LCOHEIMR W20
Wi (25C) ToRE, Vv bwr7yo— MIREHRE
EEORKETH HI0CHEL L7225, ikt -3¢
HZ EIITELRNo7

4.2 BEHBRIEREER

X 31225 2 110Nm3/hic [ LT, REBES I
HLPE % AL S B 72 BB D16%0:i B NOxiE BE (L
%, NOxXigELE9H) Zand. MEHFDIREZ S
< (GToOEM LAICHY) LTdIFE A ENORE
BB L 2w Z R L, NOx2YRBEREICIZE AL
AT U 7 WL 22 R IR S IRBE O R A S 7z,
OSA (NC) #HTI3pdicgE®%E (Fuel N) 258720
ZORELBEINTD, BB R ENOXIEE & ol
ARG A 72 {, Fuel NOBBIZER I N h - to

B WK SIS & NOx DO BIRN A S S b X 91
LCO% B < MR T, BBV KR EE 23 1 UIENOx
WEL RBMEMERLZ, LA L, B0 bikd
o\ i BT K 28T BE & 7R TLCO T b W N Ot BE
Lpolee TORKE LT, KRBTHW/2N—F Tl
FEFREBBESHEZ > TEBY, EIITRT LHIZLCO
TR R 7o DR LA R <, 25D RS, AC
BN N L2 s, ZEREFHERLLI/TDbNLDS D
DD, HRKLUEETzOMEER L 2R E ORGRER251
FZH Y, MOBENCIL, REAEE, hoRmik
BCRRTHILNEZONL, 2K L, oWk
TIEAFEHEME R B O KR E DS WE S B D,
LCOD &I RERDBEN R o7z EZONL, 272
L, LCOD mWNOxHIL A2 R T i mYb H by, &

DFERITRBILB ORI REVWEEZOND, &b,
PRBEZEH IREE1200C LI Tl CO, THC OMHZFE R4
%oz,
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B4 1 PRBE SR T O3 IR T & B FSNAT &S 3
R, BMTIXIZE ALEHINBRAfETH 545, A
Wi, LCOTIIMRBER TR DK T Icfk-> TR %
D, HEIZLCO13507C LT T W $LAL M oo L #:W ¢ &
AHFSN>0135& % 1, 1100C TI30412 F TEL 720 A
EHIZLCOL DRV 2 /R L7z, N1 + RIRE Tl
TIORAEIBE I N D -T2,

X 512N —=FEEEIC BT 53T ORBITER T HKL
OGRS R Z RS, A®EM, OSA (NC), LCO,
DTS TREDL W Z /R L7z PMETIZKLAE X

O &M (v=3mm /s)
100 — O AEfl (v= 3mm ?is)
A LCO (v=2mm?s)
v OSA(NC) (v=3mm?%s)
8ol & PME (»=3mm?s)

@ JPO (»=8mm?/s)

¢ !
S \%
S 6o} VWVWW VAYALY
Q ooo
x
% A%%@&@p@%
Q@ 4ot AA AN
o
z
200
1900 1200 1400 1600

PIBBH DR Tg, °C
3 NOxH§tE - BRBECT A~ OARAF

0.5

Z5HEQa=110Nm’/h O &l
O AEH
0.4r A A LCO ]
¥ OSA(NC)
A
1 0.3F
) A
2 A A
3
? o02F . -
v iE
< g
01t Vv A + FAtRE
v O A
A
L_o_o_mZi%_é_J
%90 1200 1400 1600
PRIERRHORE Tg, °C
4 FSNERE © BRBERF~OMRAFE
08 o mm
0O AEfh p
0.7t A Lco Z&HE Qa=110Nm/h
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0.6 ¢ PME
0.5¢
! o
@ 0.4f ®)
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5  KLERE @ IRBER AT~ OARLE

EIE0 Ty DIEEI RV TTOPEHETH HFSN
O &3 D, BB TRE O BRI X 5 TKL
HIZE < 22N ERL, T35 OF ALK TIFF
P B T EAVRE NIz,

5. HRE—E 2T K 358 R4 O MREE

A IZGT IR X 2 WE BRI L Y Mk o H
WAEHI S N5, 22 TlE, /IEGT TOMEGER 22 H%
TOTETZTA MMIOWTHER5S,

5.1 /BIGT Ik BIREFRER

TV 3 — VR EE 72/ EIGT C O RGE R ER AT
COD#FHE SN TWBP%E, % 41ZVolvo Aero Turbine
BCTOAAE, £S5 IIFZNICT IV T — VERE 2 B L
7255 DPEAT AFEME % 7R 5%,

TN I — )V REREETIE, KRIEAK 729, NOx
OFFHFIH S D25, KAMKETET VT N, T
VELVZFTA M EOHBEWEOP PRGNS,
A LTS, Danjob 1345PS (33kWHH2Y) /N7 2
=y HWTHREZ TV, AF V=74 bPBIV
IFN= T4 BRI L7225, ZORREIEHIREER &
RO TR L2 HE L TwaY, &l TIVa—
WRBENI AV ) R L L CHBIE TOfH 2 E S
N, BEHGTTOMHIIRONLbDEEZ NS,

Orenda Aerospace L TiZ, 6 127R 3 0GT2500% Hi
WV, RELR 7 &% 8 L CBio Fuel B L ONA F
LY )=V TOREEITo TW5HY, £ 6 ITHREEIRZ
RT. 2?9 BBio-oilld, k#(?,%ﬁ®%@ﬁ®l
9 T15 ~ 21%D K5 % &, FEHEI1X16 M]/kgfifE &
T I—=VRBE LD D2k DK, SBRORREE R
712RF 6 Bio-oil, =% /7 —)VTIENOx®DIEA: A5 X
NHZEbHD, FFIBio-oil TldDistillate (EEHIC
W 4 ICHARTI/BICETIKFLTWwWS, LaL,
COWEH50ppm F T L TWv 5, Bio-oil % f v 72 £ BR
T, ERHTTRY Yy MELZEOHED H 59,

C oM, GT BEBHELICNA F~ AMRELE LT F
VIZAFNV, KGAFNVIAFIV, KERKTZF LT

#4  Volvo Aero Turbine®#VT100DVERESR

Electrical output 110 kWe
Inlet pressure (Pg) 4.8 bar
Inlet air temperature (Tg) 890K
Air mass flow 0.8 kg/s
Combustor residence time (hot) 8 ms
Combustor pressure drop 4.0 %

#5 VTI00x > ¥ ¥ BRI B B P67 A EIR

Measured emissi Target emissions
NOx (g/kWhe) 0.90 1.0
CO (g/kWhe) 0.40 1.5
UHC (g/kWhe) 0.033 0.05

fo 72 LIB#AEE TgkWhe (R84 %)
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£ 7 OGT25007T DRREEER D # 5t

OGT 2500 gas turbine test performance
NOx and SO, emissions when operating on bio oil or ethanol are signifi-
cantly lower than for #2 distillate (see test data) while CO emissions are
much higher — but all remain well below Ontario regulatery limits of 189 ppm
for NOx, 86 ppm for SOx and 60 ppm for CO.
Test Performance Bio-ofl Ethanol Distillate
Fuel flow (per hour) ......... 1883 liers 13850 %iters 1071 liters
Electric generator output . ... 2510 kW 2510kW 2510 kW
Inlet air temperature. . . .......-21°C 2.0°C 28°C
Exhaust gas temperature . ..... 47C 415°C 403°C
6 Orenda Aerospacetl#0GT2500 i m.i”_im """"""" N e -
SOx emissions ............. 2 ppm 2 ppm 7 ppm
6 OGT250012 1 L 7=kt o Ptk COemissions . .......ovuves 48.7 ppm 3.0 ppm 1.0 ppm
OGT 2500 gas turbine test fuel ist
?irx:f_bioollssuchammhnﬂ quires preheating to improve its flow o \
mm::m""m_ ”mmmwmm"" AT I, REBGHME EH L7603 X b EPEN X
oW TofHED H 5",
Fuel Properties Bio-oil Ethanol Distillate
LHV heat rate (perkg). . ...... 15-17M) 2526 MJ 42-43 M)
Relative density (per liter). ... 12-1.3kg  080-082kg  0.82-0.86 kg 52 NAFBETETISA b
Kinematic viscosity (40°C) ... 1748 ST 1.4¢ST 36eST CNFTTHARZ, % OBBHIOWTEHII L Tdh 552
Flash point ... .............. S8°C 13c C RE DU % 759 L COTIC RN+ 2 ik & 1R ). #i
Carbon (welght). ... -....... 20% 5229, 84-87% ZEHBR TR = v Y VT o s b S ISEE T
Hydrogen (weight). .......... 7.3% 13.1% 13-16% &% [Drop-in Fuel] "€ FNTHBY, BT L 2 8E
b ad g e OYEREREPRZ AL TV %0 T OBUEAHASTM D7566™
R il o o “rpe] . THH, ASTMDIOSSH THIE SN HEEHY = v bIE
Water (weight).............. 1521%  <62% <200 ppm (Jet A%z &) LA L PERDIREL & kRO % H g
Sulfur (weight). .. ........... <0.02% = <04% LTW2, SO7HI2, BEMERO S, 0%, Rigik
Ash (weight) .......000enen <0.05% - =0,01% ,Eﬁ, Ty :/ /ﬁﬁ,@ﬁ& (‘: %ﬁ’(T“E‘j 5 /f ]\ L.iZ) io)
Venadiey. . ..oy oieenes Sppm - <0.01 ppm 70 P ANHBEBBIND, KSIRT I I IlJet-AL U x
ra7 oy, BAVF (7T TR0, WSS

HIhzme ORGRET, Zo#EE, B, =T >

£8 FETIA MIHVOLNTZNA FIREL

Aircraft Boeing 747-400 Boeing 737-800 Boeing 747-300
Plant Feedstock 50% jatropha 47.5% jatropha, 2.5% algae  42% camelina,
8% jatropha/algae

Dec 30, 2008 Jan 7, 2009 Jan 30, 2009

Flight Test Profile Climb to FL 350, Mach  Climb to FL390, Mach 0.78,  Climb to FL390, Mach 0.80, accels &
0.84 accels & decels, accels & decels, engine decels, engine windmill restart,
engine windmill restarts, windmill restarts, starter- suction feed test. Was the only
starter-assisted engine assisted engine relights, hydro-mechanical engine used for
relights, simulated simulated missed approach, this series of flight tests.
missed approach, suction feed test
suction feed test
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-5000 ! s e 0
bime - sec
. ALT —VCAS
M7 =a2—=Y—=F VML T7ILMTAMNTOT 74
ik B P IR Ak Sk :
DHAEDELE R, WL OBDTEY = s F AT R 2‘7‘; SE{H”H%; M, iéﬁ::*ﬁ' ﬁ"ﬁ’ ?'1(5255()1998)'

o 7 s _ R 5 1F o uncor Energy inc. nnual Report, .

’ #'” LiT%771FVC0)mE 1 %ﬂmﬁﬁ;ﬁo‘? (8) WEW, N4 F T4 —E¥LVDOITXRT, T4 - —,
ﬁ“%ﬂ_\‘j—o %ﬂal"(ﬁﬁg, Yﬁ‘ﬁnk%‘(éx_?_‘/:/, Y (2006)

VI, JEE, B & ORBRELT Y, RGO R (9) THHI 5, WHHF HFFEHE, MOSOL4, (2009).
TAA=TRERT, MEIELTwRWI RS 10 PG S, B R, M10011, (2011).

7204, 1) ISO 10054, Internal combustion compression-ignition

F 72, EB OB ATFMHEHROBLEILS, N4+ 2R engines -- Measurement apparatus for smoke from
B A %IRRT KM EOWE S 5 BB, engines operating under steady-state conditions --

Filter-type smokemeter.
AN o AN=s =3
6. Bigic 12) 1:1\;;9? H AR S &8 (B fi), vol. 45, No. 398,

L S e i N RN Tl e .

#ﬁ*ﬁ{ﬁlﬁi}?’kﬂj—?ﬁ 7 R P Iiil:ﬁm M\f' 13 Lewis, G. D., ASME Paper 81-GT-119, (1981).
?‘?ﬂ@%}i% ;@Jﬁfb) C)l’\‘w\f &7zo GTISHALENH & (14)  Yoshida, Y., et. al, Proc. of The Int. Gas Turbine Cong.
BT LI, 2AVF—LF2) T4 — O, 5 1999 in Kobe, p.759-766, (1999).

AR ANVF—OFAELZHWE T 5%, HEENITK (15 Johansson, P, ASME paper, No.97-GT-74 (1997).
V57200121, BEEROBYE, R, BREEEZ SO0 (16 Danjo, K., et. al, proc. of 6th int. symp. of alcohol fuels
Malroax NoREZBITTHALZ LITTELR VL, K tech., 1984, Vol.2, (1984).

ik, FERMBICE > T d EELBFN LM S0 (17 Strenziok, R., et. al., Progress in thermochemical
FHiASTE T, EXOLOLRRENAET 5, biomass conversion ‘(ed. bridgewater, A.V.).

T GTORNCRLT. Wit srorn | Ohd bl o)

NAMI v I ACE VARAR AL E—BEELLTH sk . R '
B R TR A A TS o b 19 Pier, J. R, Transportation research record, paper No.
E<fﬁw $# 0, BYPI-FRLH BB L= - 99-0207, vol. 1691, p24-32 (1999).
RS %0 20 ASTM D 7566 Standard Specification for Aviation
Turbine Fuel Containing Synthesized Hydrocarbons.
2 Z Xk @) ASTM DI1655 Standard Specification for Aviation
(1) AHEME REEOHLVWRRTLY, 795727 VAT Turbine Fuels.
2, p.719, (1999). 22 Rumizen M., 3rd Int. Conf. on Biofuels Standards
(2) JIS B 8042-4:2003 4 A % — ¥ ¥ — FEH:A — 45456 - R World Biofuels Markets Cong., (2010)
BB X BB 23 Boing, http://www.boeing.com/commercial/
(3) ASTM D 2880 Standard Specifications for GasTurbine environment/pdf/PAS_biofuel_Exec_Summary.
Fuel Oils. pdfaccessed 2011.9.
(4) ISO 4261 Petroleum products —Fuels (Class F) — 249 Wooder, J., http://www.rusi.org/downloads/assets/
Specifications of gas turbine fuels for industrial and Woodger.pdf, accessed 2011.9.
marine applications. @) U. S. DOD News release, www.defense.gov/news/
(5) VHH 5, TEAAF BFFedLs, M07012, (2008). newsarticle.aspx?id=65235, accessed 2011. 9.

Download service for the GTSJ mMember of ID , via 216.73.216.204, 2025/07/04.



400

BAHR2—E L ER

=+

Vol.39 No.6 2011.11

ak

|

i » ot

HREE 3 L W BREL LS Al & PRELZ BB I3 L 72 F) Bl
SR AL T A B E HA Y — ¥ VIRBED SRS

el Fiwis i

-7 —K: H 2k, RGN, FAY—Y L, BREE COLlIY

1. [EUBHIC

DOVETIZ—RIANVF -0/ 9 EZ BN 5 DA
WAL TBY, —BESFEAICI 2ENIETIEN
8% a M) KIIFEHE k&, BEHBRBOIZLEALZ
HMTHAE L T %o 20094 BE 0 FE ) it 113 4996001
kW (ZEZ&t) T, LNG, ARBLOAMEFICL S
KIFEBIIH 6 FOBIAEEZH - T0D (K1),

HALFEE, ACABREZ T TR, N F<Ank
DIFGBRBVE IR R BEFEW G WA HCOB L UHox F s &
FTHRETNAZERL, WAKBEZRETI)—VRAA
BB EZBE L, TRAY—V Ui EOERRKEEL TR
TAHEME LTHEESRTWS, 72, SidEcidb
HEEROF 4 HlOfAREMHL, A ORTOREC
BIESNBEFHT AEH A Y —E VREBOMREIEE N
TWhe ARTREBHAAY —E ¥ OBELHILE 2
SHIZ, RS OLARER RS O RGN, A
< REIGBRBVE IR O T AR, HACEREIC X B
BEFEY) D I7 AALREE DR L, T RITHIB T 5 7
7 — ¥ VIRBEHAT IZ O W TS B

2. BEIRIX—-HE

HASEGAWA Takeharu
10
8
Ml =
) (26)
6 LNG(22) (29)
i} AR
R :. . FEEIiET
ip TERIEE 1
# 2 (34)
2 (29)
BF A2
g
0 FA02) (10) (8) K FTRLE—
19904 20004F 20094
M1 —RAECEEROTENRZEENROWRE (I B
MG R

B X URDF (Refuse derived fuel), —f&BEZEY, 7%,
NA XA, BEMSEOEHEN AR & % 7 ALHT
AR OREH & I L CTRT . WINOLE b RET
B HAEH ZIFCOE o T & L, i OCHAFE R
bkFES 2GR~ r o) —RETH 5. —REEY

#1112, BEFA (BFG), a—27AFHFTA (COG), EEKREDE C, BRI L B H AU AR
£1 WHRTABLOEHA AT A 7 — & 2 HRE O LK B
Fuel BFG COG Gasified fuel
Resource Waste RDF Coal Biomass Heavy Orinoco tar
Wood Black liquar  residue emulsion
Gasifier Fluidized Fixed  Fluidized Entrained Fluidized  Entrained Entrained  Entrained
Coal supply Dry Dry Dry Dry Slurry
Developer BGL BC 1GC Shell Texaco Lurgi Texaco CRIEPI
Oxydizer Air A]I“VLOZ 02 Air Air 02 02 Air Oz 02 02
Composition
CO[%] 20 6 6 30 564 79-147 259276  652-69.5 409 20 46 38.1 51.7 435
Ha[%] 3 56 1.6 22 256 132-15.0 10994  288-31.0 299 10 13 392 43.1 422
CH4[%] - 30 0.9 0.4 6.6 15-2.8 14-0.5 0.01-0.03 0.1 5 10 1.34 0.2 0.4
COy[%] 20 - 124 4.1 2.8 10-12 6.7-5.4 1.0-2.8 9.5 14 23 19.1 32 11.8
H,0[%] - - 234 59 -(a) 115-184 -(a) -(b) 123 - - 0.18 -(b) -(b)
NH;[ppm] - - - -(a) 500-1000 1000 100-600 -(a) - - -(a) -(a)
H,S+COS[%] - - - - 20ppm -(a) 404-714ppm  0.14-1.1 -(a) - - 1.94 1.6 1.35
Others[%] N, GH; ete. N, GHyete. 8.6 459-473  542-56.1 -(a) 7.3 51 8 - 0.2 0.75
CO/H,E/VEL 7 0.1 38 14 22 -(a) 24-3.0 2124 14 2 35 1.0 12 1.0
HHV[MJ/m*] 2.9 20 1.8 6.8 13.0 3.6-4.1 49-52 122-12.5 9.0 58 114 103 12.1 11.0

BFG:Blast furnace gas, COG:Coke-oven gas, RDF:Refuse derived fuel, Waste:Municipal solid waste, (a):No description, (b):Dry base, HHV: High heating value

JERE 2 A
* 1

(3G 7 Y E 72T

20114% 8 H10H

Rk

BRI LI

T249-0001 MZHETERK2-6-1
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wER D, MEFOCOLHLOE (CO/HE NV IHFH)
1205 ~ 4 F21E (A ATIZ0L ~7) 2%, Bk
JEDST I B 72D, FNFITHE L REERE % BS54
b b

BUE, SHEECBOTREN T 2% %21300CH 7 A
=Y IZEAL, BINEBIIICRH SN T b, BEEY
MLPEE2ETIERDFE, RPF (Refuse paper & plastic fuel)
B L OB X 2 BIRIREE, H AL OF
WEFEIHED LNTEY, ThE5DEMIZBWTEK~h
Ha) = AR ERET S, SHICEAIFETIIE
DLEEMAGOBE A BB H A& LT, KJ1, EF
NOEMERTH I EBIOFHNT VA, TRV F—
FROMER, iESEE2EZE LT, ZhehoRBElX
& BRI O E B L ORIV TOH
WEFEPED SN TE (K1),
KITHEEDOHETIE, COB L UNOx, SOx#kH =K
Wax HHE T 2 RBRERE 2 D OERIR I EH
WOBFEPLEATRTH 5o FCH ALHEBIZEL T
i, FEOZANVF—BOREB L VG EFICX DL R
R vy, BIBE G B 7 2 K40 AT KO BAFE A D
LNTWb, DUTTIE, BEEWERE, gz, RFAH
AMERB L 0N < ZFHICBIT 5 T4V F—&Ji
OFRR 2T 5 L L b1, BRAFHEICTHESN
Te BT AL A 2 G &5 B Hl A A Y — €
WHAMT 2 AL, REMEAICL285HETOZRIL
F—OREMFEFHOFEMEE R T,

21 EEWER

BEEW LR E T, BEREWEOPE 2 I L, BR5E
NOAMGIEE B9 L L2 IEREAL S o FB I ¢
Fex R HLD MADTR ENT W B, PIR2IAEE D b AsE I
BT B — R OB R 13436375 b ¥ /AEIZDIED,
209 BH 3 HAEBERIMUI I N T WD, BEHIIFED
I HR2B% DRSS EE M A A L, BRI &k
DOFK6EZMIL L, FEL TWnbH, BEIFITFEET
11.29% & e KEVFE TR o f1/4 ~ 1/58 K<, I
BEIAIIHEkWL, —BRELAFELEOB IR
(#79600f5kWh) D#07%I2 & &% 5, BIE, HHISH
TWAETOREREN 2N RIEIERE TSV + %
WMALZZERET 5 ER400BkWhOE N EZFEL, b
MEOEMEEBENEON 4%%WHH) 2N TESL, 2
i, KIIBEBEONL/2ICHY T 5, B, BEHIULH
ENTWDE—EEEY O T AV F -GS X OBEEH
WIS RKRES BETE AWM REESH Y, BEZ LV
F—ERE L TOBTENEEITRE W,

2.2 HHBAEFHAER

HEO—R I IV F — G5 022.0% (20084) %
ARIHEAELTBY, 209 599%% #EHED» H OFALL
AL T %o AEMAO RN E B ISR FEE L ER]FHKT

81% (20084EJ%) 1215, ALK TIZERME -~
(2008%) DA rAVHEFE S, bHPETITEEDOR 4%
WA 2 #91.86f b > (20084F) O RE AL TW
5o Tl A E R 0R24% (20064E) 1AM L,
DAENI TR KO A IRIAETH %,

BLERPT TSR DA FE S RO FER SMEH 2 b
A, FOEBABETEFA A (BFG), a3 —7 AfH
Z (COG) B & Wl A AL DRI T A D% /AR
L, ShEFIHNEIIHOTA Y —E e LTRIA L
TWwbo FINEIIHE LTEASN TV EFTAREE
HAZ =¥ Tl, RUIRT L HITH3IM]/m3 & 734
HOMWEFR A AN a— 27 ZFH A 2R TERIN L To
BEZHAM]/mICHBE LT A —E IR L Tw
%o HUE, EIRA A ENO R OFERM TIZ1300C
WMAAY —E LD EEREIEASIN, FBERARFE
475% (HHVZLH#E), FEEEI00MW Z 5L %,

RS ALEORIE A A X 19804E LTI F—E A% L
TBY, bHEDKRIJFEEIMR S 25 EHFRPRE 20
(ZBE2EEL) ORH 3BT LD, B A AL 51500C
WA AL —E DAL EOFERMOM X, K%
BICBWCEIFMK L EE L B 7o,

2.3 KFAEEHER

FANYT Y FBLOFA VY = — I IVEORF B
(LLFTiE DBEEMmE RS 5]) OFehn] SR 1
#19200f8kL (M 2) EEbLRTHY, BT TR
SN MO RME R (F200068kL) @ R R5I2AHY
T 5o TIUIIEAERAIRIRAT A G RO & (922J8m3,
HHIRE TRI9200MEKL) ICICHT 5. LA b, M
BUEORE Lz kB L OdERICEPFLTEBY, BE
K E L TOADEHI T A VE—GHOSEH, 3
NHEROBE P SEETHHEER Do

BT B, Ty a LT
REMEZEO A (KU VY a Y TM) T Bk
BRI A A & — € 2 BRI O B BRAE DK 10%R5 & 55w
% RT, 72, HoS, SOAl L L EiibEaEB L O
Clh, HCUC X 2R FIcB A2 ur VigaE, E512id
Na:S0s, NaVO;Z% SRR ESREIC R Y, T A1 -
HARGHABL R, REIERFK F 7213k FEE 72T - B
HEEBIN X 2 R UBEAN S B & %0 %, T2, B
Btk L BRI O AYEZ ZR L 2H6, Bl A Y —
YN B2 ABRE O TR & 72 B

F LISBEEEM O H AL A 2 OHK & Bl RO A
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[wt%] [wt%]DB ratio [wt%]DB [kecal/kg]

J5R 1.7 6.58 | 335 1.8 824 | 52230694 7460
Gregory
NN == 0.0 0.08 | 36.5 1.7 826 | 52 (23] 06|93 8200
VM : f#58%55, Fuel ratio : JREHL (=[EERSE VM)
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(1) Bhdss, difvEad, AMMELT, AR, 7SS B
Vol. 56 No. 2, (Aug. 2006) , pp.15-22.

(2) V. Smith B. Selzer V. Sethi., 1993, “Development and
demonstration of a wood-fired gas turbine system” ,
Report Number: DOE/MC/11076-93/C0201 CONF-
9306148-7

(3) Zilkha Biomass Energy, http://www.zilkha.com/
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Development of a two stage condensing radial inflow steam turbine
UL B AR
NAKANO Susumu TSUBOUCHI Kuniyoshi
7 WS A Firs 5AMT™ W e
HAYASHI Kazutaka SHIRAIWA Hiroyuki YAMADA Hiroyuki
ABSTRACT

A prototype machine for a 150 kW class two-stage radial inflow condensing steam turbine system
has been constructed. This turbine system was proposed for use in the bottoming cycle of 24 MW
class gas engine systems, increasing the total electrical efficiency of the system by more than 2%. The
blade profiles of both high- and low-pressure turbines were designed with the consideration that the
thrust force does not exceed 300 N at the rated rotational speed of 51,000 rpm. The gross power output
of the prototype machine on the generator end was 150kW, and the net power output on the grid end
which was extracted auxiliary power consumption was 135kW. The total electrical efficiency of the gas
engine system was increased from 41.6% to 43.9%.

Key words : 5 V7T IVHES Y —¥ v, KRS =¥ ¥, HEEEIL, AEH sz,

A A N7, Radial steam

Turbine, Condensing turbine, Exhaust heat recovery, Water-lubricated bearing, Thrust force
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