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Hydrogen Combustion Wind Tunnel Test of 1700C Class Turbine Cooling Blades
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Abstract

This paper describes the development of 1700C class first stage turbine cooling blade applied to hy-
drogen fueled combustion turbine system with output of 500 MW and thermal efficiency over 60%
(HHV)in World Energy Network (WE-NET) program. The conceptual design of those cooling blades,
which were served in hot steam flow, was carried out. The hybrid cooling method combining closed
circuit passage with a partially open circuit one was chosen among several cooling systems from a
point of plant efficiency and durability of cooling blades. The several elemental tests such as outer heat
transfer coefficient on airfoil, internal heat transfer one in cooling channel and then evaluation of single
crystal super alloy and thermal barrier coating (TBC) in hot steam environment were conducted. Fi-
nally the experiment of scale model test blades for the first stage stator and rotor blades were carried
out using hydrogen-oxygen combustion wind tunnel with practical steam condition of 1700C and 2.5
MPa. The cooling efficiency and metal temperature distribution of test blades and the soundness of

TBC and blades substrate were clarified.
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Large Eddy Simulation of Turbulent Heat Transfer in an Orthogonally Rotating
Square Duct with Angled Rib Turbulators
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Abstract

Heat transfer in a rotating rib-roughened duct was numerically simulated by using the second order fi-
nite difference method in coordinates fitted to angled ribs. In order to investigate the effect of the Cori-
olis force and the angled rib turbulators on the turbulence, the large eddy simulation was adopted with
a Lagrangian dynamic subgrid-scale model. For the turbulent Reynolds number of 350, stationary and
rotating conditions were computed for a rib angle of 60 deg, and the results were compared with the
previous results of transverse 90 deg rib case. The present results clearly showed the locally high heat
transfer coefficient at following locations: midpoint between ribs, in front of the rib on the rib-
roughened walls, and around the rib on the side walls. The rotation induced the dissimilarity between

the streamwise velocity and temperature, and the friction factor and overall Nusselt number were de-

creased by the rotation for 60-deg rib case which was opposite to the 90 deg rib case.
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(c) 60deg, Ro=1, . (d) 60deg, Ro-=1,
near leading wall near trailing wall
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(c) in front of ribs (a half of rib width away from ribs)
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(a) time-averaged wall shear stress
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(b) time-averaged Nusselt number
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Effect of Cross-Sectional Aspect Ratio on Turbulent Heat Transfer
in an Orthogonally Rotating Rectangular Duct with Angled Rib Turbulators
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Abstract

Heat transfer in a rotating rectangular rib-roughened duct was numerically simulated by using the sec-
ond order finite difference method. In order to investigate the effect of the Coriolis force and the cross-
sectional aspect ratio on the turbulence, the large eddy simulation was adopted with a Lagrangian dy-
namic subgrid-scale model. The rotation number (0 and 1.0) and the cross-sectional aspect ratio (0.25,
05, 1.0, 20, 4.0) were varied for a turbulent Reynolds number of 350 and rib angle of 60 deg. The pre-
sent results clearly showed the locally high heat transfer at the following locations: between ribs and
in front of the rib on the rib-roughened walls ; the locations were shifted to the left wall because of the
flow induced by the angled rib. The dissimilarity between the streamwise velocity and temperature
was observed for all the aspect ratio cases in the rotating case. The overall heat transfer and friction

factors were decreased by the duct rotation.
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Blowoff and Flashback of a Methane
— Air Premixed Bunsen Burner at High Temperature
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perature, Empirical formula

Abstract

The empirical formula of blowoff and flashback of the premixed methane-air Bunsen (Cylindrical)

burner at high temperature were introduced. The experimental range was 303 K<7. <1023 K, 0.1
MPa<P <0.3 MPa, and 045<¢<1 and the ambient was air. The empirical formula of blowoff are :

Ub oc SuZ n—2.38P0,79
and also,
My P'® ocexp(—E /(RT5))

where U, and M, are blowoff velocity and blowoff mass flow rate, S. is burning velocity, and 7Ts is adi-

abatic flame temperature. The latter formula is independent of 7. and S«, and much easier for handling.

The empirical formula of flashback is:
U/ o SuZ(Tzile—O.S)P

This formula seems in good accordance at 7. higher than 573 K.

1. #&8

HAERES I v 7 TRy -V U HFRETGERERD
MBI AT RIRAE X 1023 205 1123 K BEO &I %
572%, BEiR T TOTFRAREES OB ORI 2
MBUERD B, —H, HRPLRRTPHE KL LR
SHFMEITRBERE 2 ISR RTFT B L ShTw b -9,
BIZIE, AE (T7rEY) N—FORERIT) 2EBEOF
PRIZ A SR BE & RBER L 0586 D) BB A LI & 1 3
BIhY, BEREEATHRERORBEZIE, 47
T-BEHCTHBEENLY, LirL, HiRIZBT5HE
REEDWRIE Z R WKIZ OV TRBERE 7 L OB % £l
HNZRAR 7B, BT TO X ¥ ¥ — 2R3
HEEIZDOWTIE, RI|EIZIZFE CEFEEAN—FI2L )l
ENE AT\, CHEMKIN % v 72 8l st & g L
¥ 9% DMAENT BT A0 & #BICHE L T
o HEN—FHIRZTITIE, 539 7RI —Y Y
HOBESRE L TORBAR 2z L, INWitRHEHE%
MR35 LIXHREETH 7%, BB L LToREN bt
ZLEIFAEHMT, SV TFOMHEBEN—FIZTHOZ LR,

BfiZAt 1999412 H 10 H
* 1 CEEFMPE BB AL F—E8
T305-8564 KIZIED XA 1-2

Download service for the GTSJ Member of ID , via 3.140.247.39, 2025/05/05.

TNFOFRE2EBEN—FIIT IO ENEZ NS,
ZFORERNLRRERZILET Z2HT, 25V -25%
FRATVE N —F OIREF R OWRIE 2 & O K D IREE
P, 1023K FTOFEME, FREKEDICHT S
B ERERICE YA,

Evea2
Cp kJkgTK™ EHE H
d m IN—FNE
dc m TH 2% BE
E  kJkmol™ WHHEALT AL F—
g s B PR Y )
K ALYy Y
M kgs™ FRRERERER=
Nu PR
P MPa FZHRSED
R kJkmol K™ W AZEH
Re LA IV
S. ms™ J& IR IE 3 B
T K AR
Tw K 5 APHPREE T = (Tu+ Ts) /2
T: K WT 2% KPR S



Vol. 28 No. 2 2000.3 SRFTOXAZ2—2HRFEEHE/N—FTOREA &HN 123
FHRS B E—4—REK
RKEE | S ARK o P T8 BEREH
= FRED X5 BRRE
e 423 423 423 000 L 3 873 903
QW.ARE 450 + Ega@é~ﬁxazé:
W. F.B.A. i kRh.EE8 SO0 850°F
400 800 -
| g 210}
- JRUN : 350 |- Ums™ N 700 |- Ums™
mEmmsn| @ t-’_ ki i -0 053 650 [ -0 0.53
MEEKA Ee- % ﬂﬁ“**l e oop R eef R
i i e P 4-3-2-101234 43-2-101234

l

:E —
(HEAR
s e e

[ _ _ lePiB
F—A0H [ —
£ 7:4-20mA IvEa-%
M1 EEBREE
3
(%
(e
Ty
(s
[
[{e]
©
[o0]
o)

2 FRAEME -

U ms™ SEYg A A R EE
d m KPR A
i kJm 'sTK™' BmEE
p kgm™ Eii3
¢ i
WA
b  blowoff WK 2
f  flashback K
#  unburnt KIRA A, TR

2. RBRERBELFHE

EBREBEEZN 1ITRT, EBREEIZ, SRT TREHE
BEOWEICH W 2RO OHE L HFERE RV TIZIZHE
UG, BEHCHEE99.99% D X ¥ VA%, BALHIC
0.:21% N, : Balance # A %, BEAmNOFZEHRIZ
BAAOTHRED TFICFRLIMERAZ HV A, £
BICHWITFRAMNEN—F 2K 2 1IRT, MEN—F
EHES. 0mm, AE10.5mmDATF L ARE L,
Fe—FDEFPN—FHOBRRE —F 2 30F, N—
FIM LI DEZ R H AREFAHR R B LD, N—
F I IBER S 2 B L/ U L OVICHIBE L7z, 20

FEAMEEE (mm) HEHEAE (mm)
(@H RBE 423K DHRFE (bYF RBEE 873K DERSE

3 P N —F OFLETT I R BE A

RER IR A2 B 3 IR T RIHZ K OWAKEEED
WEIZX, FAOFEIRE (T.) %R (303K) 205 1023
KIT, Fh(P) #0.1MPa#h5 0.3MPa $T, H4&
Wo(9) % 1.0 20 SRR HE R MAA HHM F TE(L S
BT Ro70 EBRICELTIE, FFRRIRETH S
TR CTHRBE S &, /N—F ) ADBRIIFERIC 2 o 72k,
B —EIX LD L) AY VY ROPEROWRE 14 I
a5 VidEb sETna, BE N—F LitEfozE
W OMREEAD) LR Z LBROZFNFNETERL 120
¥, FimTi, N—FHOBMRRE — 5 ZHBERWTDH,
WO JREO LRAIKE L, EBRERIIATRAE
L7

3. KEBR#ER

41T x5 v = BETERAHNEN—FOEENITHT
LR ZHE (Uy) EMKEE (U) O 458 IARIEE
Z, L &I A—=F L TRLA. Mg sy -2
[BEROLEIL (9) %, WME NN~ FOMETFHT
AME U) #Fbd, 4o LAOEHIZIE 4.1 123H
ENTVEEREEAR (9) 2G€ TRl & T
ZBWT, U 3HEL5 T, U idsied s E=MA7E5 T
RLTH b, RERBREHMI L=MAR T E AL TOH
THY, ¢ EBIR-FTFU 2WHIEDLE, M
e L DAMRKEL, EEMARE LD EMRNKT S,
EC, T.o¥MILY, Uy & U iz K& ERAL
TWwhb, PIZIEP #°0.1 MPa, ¢ %%0.8 Tid, U, i T
7% 303,423, 573, 723, 873K D W, # I & 1 0.68,
1.24, 3.2, 6.3, 10.7ms ' &%V, 303KIZBIF 3 U
D 1.8, 4.7,9.3, 16OEERL TS, T2, Usld
T. %5 423, 573,723, 873, 1023K DK, F N ZFh0.67,
1.3, 2.1, 4.3, 8.1ms ' & % V,423KIZBIT 5 U ®
1.9, 3.2, 6.4, 2 fE DOz~ L TWbH, PH
0.15, 0.2, 0.3 MPa OFd FEARIC, T ODEICLDY,
U & U i3I KELS R LT, B, EBRIZE
WOBMBMTIT R 57220, RNDELIRE B 5 BEITHD
B 1ELDF—FZHKITFITw5B,

Download service for the GTSJ member of ID , via 3.140.247.39, 2025705489, —



124 ERETTOARL—2F

BEMAEN—FTOYGHEZ EHA

BAH R &2 —E 2R

BEREE AR g 7)
0 5x10° 1x10*

Tu=303K423" 573 = 723

—o— I A B U,

A RIRE U,
10
Mtﬂ%x@ﬁ U,, EKEE U, (ms™)
(a)E£71 0.1MPa

BEREE A g (s7)
0 5x10° 1x10*

"Tu=303K423

BEREENE g (s7)
0 5x10° 1x10*

" Tu=423K 573 723
10F & {ﬁ

09—A $
ﬁOB—Aa@
N
i 0.7 |4
06 14 A"
ﬁ(,e;e/
051 o mkidx i U,

—&- WKEE U,  0.15MPa
o4l e
0 5 10

RIEZIHE U, WAEE U, (ms”)
(b)E 77 0.15MPa
ERHEE AR g (sV)
0 5x10° 1x10*
1.0 |
Tu=423K
0.9+ A‘/é
; o/ 573
08} A
R /
Qﬁo.? 7&&/ ?
@ ‘/i
- 0.6+ }3{2{ AG
w &
0.5 —o— KM XEEE U,
& HKEE U, 0.3MPa
0.4 e S SR S B
0

5 10
WIEZIEE U, WKEE U, (ms”)
(d)£77 0.3MPa

X4 WRIHZEE & KHENOTFEIRE & E D2
(X% v -22K, 7rE¥yN—F, NES 0mm, #H%E10.5mm, ﬁlti mEZER)

0.5 —o— MRIH A HEE U,
& WKIHE U, 0.2MPa
0.4 P R N —
0 5 10
RIHAEE U, $XEE U, (ms)
(9/E771 0.2MPa
4, BE

4.1 WHAREOHMBRRE, FTHEE, EHOZE
M/ N —F O 2 el kid, VAREOERBIZE
VB RBRBE TR & PRBEEEE DI E ) OB EE S
BCEH, ZHHIATWAEY, JAEETRHY A #HE
EIRFTRBEREORE S L, »2oHEED —HT 5
BETARIREIRREND, HTARE L BRBLEED
BRI, A HEEARBEREE £ D K& w» & RJEIm
HZ, #IhSwERFIEHEKT D, HENN—F & X
WS —F Tk, N —FREDTH BB, B2 518, g THHA

L72BRIE 2 & RIE N —F IR S 7| LIE T
lE%n, REBONE N N—FEEILS.0mm & —ET
HY, NI ELLRT AL 250G E R >TNn5EDT,

g:8U/d=1000U ....................................... (1)

LRbEND, TIT, g BRICIE, EIRMEEEEE (S,
Te, P OEBEIHBIZIEZEETRL TRV, U, S 3T,
T., PORBTHD, L7z >T, PHR—ETHNI,
T DB, U, SIEICHEMT 5729, g b
THEFRENDLD, MaERD L, WP, WHAR

Download service for the GTSJ member of ID , via 3.140.247.39, 2025/05/05- 50 —



Vol. 28 No. 2 2000.3 SmEF COA R —FESR

BEEEN—FOBGE A &K 125

WA EE DR g, )

BGEESE g, (5)

10° 10 10*
S IRSREERERAL !
L PMPa01 02 03 | o
L TuK %
423 ——-F-—O—
—_ L 73— % —0— V4
" 723 —m—-t-—p— ?9?
£ 873 ——-v-—6— /9 &
= 1023—9— ofa ;_}b
71 3
b
il e
_}g & <.
< &
S i
i
0.1
0.1 . . 1 i 10 20
WIGEE U, (ms”)
(b) ¥k

5 WRIH R HE R K EE & PREEEBE & D BEfR

10° 10 10*
5 L} L] L] rrrrny
PMPa0.1 01502 03
Tu K
" 303——  --y-- P
4230 A g Lokt €2$
— L sm—oa—tp—o
‘v 723 — - K- N |_dad:
= 873 —o— A —--g-—O— Syl v
~ 1023 —— = /’i‘ - A
=3 ‘ | S A ’l //
n1 ‘
T =
- 1 =
i ey
ﬁ R N vl
= A/A‘ V/VO
§ ‘_ﬁ A APy
B Barid
I LY
//’/ \StuatB Reed, Comb & Flame, p177, (1967)
01 L] wmem U
0.1 NN . 10 20
MR % R U., (ms™)
@MKIEZ
KD g DRECHEMLTNSEZ LG5,

Reed?iz g, L KEMEOI VT Yy V¥ (K) %
W, ®iR, KRERE ~BET) TOTEFL V-,
Ay v -, TuNy -8R, TV -BRRERD
B, OEME TOFEN—FORRT DK R & F
O, 0.7<¢<1 OHPATRERAL)E LTRDL LTV 5,

K = gbﬁu/Su = ()23 ceeeererrerriiiiiiiiiiii i (2)
oS g, XS Tu, P DGENPEDINS,
FEATOIE A (0u) IFHABRIC X 2 W7 6 )T bl
T&%,
5u-:.2/(cppusu) ............................................. (3)
T/, BUEMEOT, PARFERINGTEDE S,
(X/Cp)uoc 195, Ou OCP/Tu .............................. (4)

ZZTAYCH I T TEMi L 720 THIZA/CH %6 D
FHEDODIZHWTED, 6 ORPETIZT 2SR
BT 570, T ORKREE LT 2HWZHO
Thb,

ROB)B LW KCNWRATEE,
K =g,4/(Cp puS?)
oc g, St Tu'SP-!
A o ST 5P

b,

X5 3M 2T 7 OHEEIC S, FERETS, Bl
U & U DEBREZRY, BR2EHL, K50k

WoEIcizg 2HE TR UL, 5 (BikE, AKE,
+, X, —, Dix T. 27303, 423, 573, 723, 873, 1023
Koz, ity (O, &, v, O) &P 0.1, 0.15,
0.2, 0.3MPa @D %7K L Twv 5, [X5(a)Z i Reed 7F
B X 512, 0.1 MPa, 293K I BWTEBREREL2E
HLTHLXM 20K 7 OM%ERT, ik, KEFEOE
BRAE R Reed DFER L R RE 5, TORKELT,
REEEEOEBRMESAELY BRI TR R REP o2 E®
BEZONDD, XM2OMT7 D7 —% R MaeHo
THLIE-TEY, T THWAERICBT 2 EBRED
INHDTF—=FPHREITTNR TR,

LZAHT, FEHEDOOERMFIE, T2 ¥iE~1023K,
P %0.1~0.3MPa ®#PIZdH % 5T, Reed DHIK -
THEERL > TWD, K5@)TIE, Tw=423K T U
AT 5 S OREBIZIFIZ2T—EELEBTFDL, 22T
U B50idg) T2 L °POXEHEIE, M5
(@)D Uy S ODEMET, PE—RIZLED T & Us
OB, T. 2 —EWRXLIKEOP & U OBMEISE
Hd 5, TudT423 95 1023 K £°T, P2%0.1% 5 0.3
MPa ¥ TO#PATIE, T OXEHIZTHT-2.38, P
OREFIIIFHTO0.79 TH o7z, 22 THEHPNIRER

TR (6N % 50

O i L (6)
H5HIE,

Gy 00 SFT2HBPOT cvveeiiiiiieeii (6)
b, AL @) RHRDE, S L PONEHITIE

Download service for the GTSJ member of 1D, via 3.140.247.39, 202570506



126

BRTTOX2 > —2RTFREMAEN—FTORHEZ EHK

AAH X2 —E 2R

. x10°

g 3 T T T T T |

S PMPa0.1 0.15 0.2 0.3

o TuK

b 303 e v

< 423 0 A v O

£ 573 6 A& % &

o 2 L7238 ® X X X - _

2= 873 ¢ A % © s 2 B 0

4 1023 © |

S i g 3

PN g &

& @ A 7.3 A

N g , H 2

o R v

E )

N:!

@

;n 0 ] ] ] I 1 ]
0.5 0.6 0.7 0.8 0.9 1.0

YEH 4 ’

6 Wi R HEBEDEAFA L YOItk

EFRLDDOD, Tu ONIEFRE-TwD, ZORKE
ELT, RE)TYCh OFHICT & LT T 2 HW72705,
FEBRICIZT LD R BOOREEH WA@Y T
HolbdbEZbND, 72, Reed DRENIZHEIE,
KRETORETHY, REBRORBRMOKRIEEE
ErxlholdEzbhd,

%B, ReedA oy Y EEHTERLLEE
BEIIH LT, Ay YBAKIU >>S OHF
TEUMOH L Z EPEHIOINTVWE, 22721, Reed
PRI H W EBRERIZIEL L Z 2 5NED0 6, FiR,

KEETORBRIIMEN—F I LT BEDEE 2
¥ (738

S 512, N—F Y AEN 3mm PLETIZKEIEIRIZEH
PEBRIBAST & KRDPEEALT B &) #HiEDD b 5D,
EBIZHWA—=F 0O AFIZ1.25mm THY, D
IO LMEZELEWEEZI LR,

X 6 124 Hh I REERS(6) 2, MREICYEILEZY, FEBR
MEELEMEL A, BERNIIER, KYERMATRIZE—-
EEWC R B, BROF—F 03I FKRNE LTI, %
BTN FHOBRR e — 7 2RV 7228, KEREE
TEN—TF) A ERGHIT ARG, ) ATRED
HRIDRPREDII s Tz e EZBND,

3T, KONz, S« T, PEFEHEOKRBRKXE SO
BHBIIEILK T L=y AROERZRAL, SO

WHhBETL, AFV-2ZHRBERADS. X T., PO
B 5 BT DRI R b 5000,

Su = Suo(T:15-21)(1-0.5log (P / Py)
Sw 12 303K, 0.1 MPa T® S., P,=0.1MPa
(303 K< TR <873K, 0.1 MPa<P<0.3MPa, 0.5<¢<1.0) --+(7)

KNO T OREHIZTT<500K TIIHES DR L

72016 WHEICH D, 500 K<Tu<873K TIIFEH H DL
BR7 O 10IRT EHIC1.5~2. 1 DRIcH 5. F7z,
BRI Y S 3RE)0RICEDE B,
0u0Suw < exp (—E /(2RT5))
51T, WToBRK0)% EEHwiz,
=(z/4)d*0. Uy
Lib, 72, U=gyi(d) EBITHIL,
M, =(n/4)d*poug;!
&% %o RNTK(TNBN)EMRA LEHT %,

Su = Sl TH5-2)(P /Py)-0
oc (T}15~21) p-o2s exp(—E/ZRTB)(To/Po)

a -0.25

2T, HfE1<ae<3iZ
OB ERH W, Lo T

BT, (1-05loga)=

M, o< (n/4)d*P /T.Us
o dzP/ﬂ((Tu‘-5~2-1)P‘°-25 exp (—E/(2RTB)))2 T238p oty
o dZPI'Zg(T{O'SBNO'SZ) exp (—E/(RTB))

Ebo BHAD T ONEEIT T 3 LFHHIICIX 0
) EEIIENEEZOND, D7D T DHE%
g L0217 5,

M,P~'* <cexp(—E /(RTz))

TIIAEEh S Ty %, #MEEHIC My(P/Po) ' 2 LD,
NOODREREEHL /o0 My(P/P)1 213 T3 15 <K
L, TS LAY 77 BTt o 28T
RENTVWD, ZOMPLRRANTWEDIE, ik
1023 K I2BIFAF—%T, ZOHIZHL, M, (P /Po)#

Download service for the GTSJ Mmember of ID , via 3.140.247.39, 2025/05/05. 52—



Vol. 28 No. 2 2000.3 ZETTOXAZ—RFREAAEN—FORBE A EHX 127
: -1
1/Tg (K"
]!2500 1/2000 1/1667
3x10
PMPa01 02 0.3 0.4
- &%@ TuK
%e& 303 8 v -
o~ W 423 ©O v (o
" 1x10_4 o) 573 & % & i
2 - ° 723 m W ¥ 1
= [ %ﬂ%ﬂ 873 ¢ ¥ ©
- L )iy 80. v 1023 ©
:‘A : (% nQ
s “L,
e% ‘gf ® o
= i v v % © i
&
v
1x10° Y ]
4.0x10™ 5.0x10™ 6.0x10
WrEK SRR EE DM T, (K
7 WIBCKIRE CEI L KE ZRE
2 U, T 1349 0 K BENL T %o CORKELT, U o< SHT: T O05) P ceeensininiinitinie 13)

ROZFELEICT. OREEEAB L2 &2, FHii
BWTY AREFRPREL o TWzZEWNEZLNL,
ROROE 755, BT TOM & T: TEHI R,

WCRBBIZHEBIN W EPRPELNI ko7 B 5
N—F T, My #RXO)ICEBERZ 5, RONIKY 2
M, P, Ts D3HTRKbLYZ Tride, T, P20 5
HMIZEETE A0, LT, K6IE S EHES
L TixZa s, RNTH~FDb LV,

EZAT, My iZ Ts=2000K 282512 T 100§ 54K
FHNETFTREL > TWb, Ts =2000 K iAW HE S—
FOFERIZBT B A HERAELERFIIZIZELL, KED
BEIMEL A RS, TORERBIEREEIE
LTV BIENEZ NS,

4.2 WREEORBEE, THERE, EHOEE

R EEAREGRTIIU & S OREVWEIZOWT
BIREIZ IR ST W v, /N—F ) AT KRR X
DRV, N—F ) A8 REDOBIITHREATER S
N5H5, HRBIEIOU 78S 1% L Lo lzkITHA
BHEUBLIRET 5. HRAEAR DS

S. =deg;, - Ur=S.d/dc

b, —F, BEBOES (de) &, MEOERIZX
AL, Ak@“ﬂﬁ%bwﬁvﬁkﬁt_éatt
BHEHORGE LT, KD X HIERbENS,

de = 2Nu®52/(Cp pu Su)

Ihom L,
A/Cp < T®, pu<P /T, BOY, T CHMli L7z Nu i3131T
_.%&-3—6 b’ U/ Liy

e IR A O L E R D,

ZZTACPIE T TREMI L 720 ShUE, 2/Cp 13ER
EEOFHEICHVON TV A, HEBNTIZERNZ
BEMiZLTBY, BEEELY T THMT 57:0T
Hbo

K8z, RAIIEDSNWT, U DS R ENOEERE
RUTe TORMEMETEREL 22HIX T 2RV
Pl L—FLi3 b vntl, T.OBVWEOEL LK
XT3, LaL, Tw=573K, P $70.3MPa %
TOZMTIE, EKIFEELERTIEICE  DIRED % S
NTVBIZHWSFTIIIF—EOEZRLTEY, T95L
72T U OFHITERTHLLEEZI LN S,

%3, N—F1) A0 EEIIEEIITRM LV EER
5HNb, ] ForsythidWiRIZEE»5 2 2HNFL LT,
KRR, TARE, P, T, S—FBROMIC
OMERBZERYEHLIEZEFRL TV, BEELD
FEERTIX, BIERE 2T, N—FPHEEIEL T
L KOBERFT o TV D, KEH S D AT BITEER
Be—2 ORFHHOBEN (K 1, N —FHEO5 5 34 mm
LfICERE) ICREL, BERe— 2 oM E TS,
Z OBEARIR  — & ORI T RIREE 1 IR 55 A A3 —
s (M3 kIHIRELTWS, FEELIE, ZIZFEL
ERRFEEIZ /lu—v/t%+%MkakWﬁ%®ﬁ
BEICIYS ZHELTWAY, $72, S EEMHEIZ
GEMMNK;a&ﬁﬁ%ﬁﬁk¥w9%ﬁ~ﬁ¢
B2 HRFELTWAY, S EEBEE S BAEFI M
ERL{EICZ ,A~+mmﬁﬁ®wxm§‘ﬁ#

o) -

W(JS%H#L-{) %?ﬁ(mﬁkﬂ\/‘hk@nﬂfftﬁk c)#’Léo

IN—F

Download service for the GTSJ member of 1D , via 3.140.247.39, 2025705/88 —



128 SRTTOX a2 —ERFREEAEN—FTOREA EHX AARH R —E L3558

1.0 . ,
P PMPa0.1 0.15 02 0.3 | ' ' '
9 TuK
“n 08 | 4230 B _
e 573——&—h—H—
X 723 ®
~ 0.6 | 873 © _
gFL 1023—o—
£
",'k 04 |- T
=
- e
(Q/ 0.2 —CD\Q)-_G%____ _
>

0 1 ] 1 ] ] |
0.5 0.6 0.7 0.8 0.9 1.0
YEH 4

B8 i AKGEBEDIRBEHE 7 E~DRAFER & BB D BILR

L72Ho>T, VAMED ERAITKEL, EBERE AR
A LAagRIANATIE, N—F) 20RELRICZLS
F—FDIELDEISEVWEEZ LN,

U/ oc SuZ(Y‘u—IT’;O.S)P

SEW
5. ks& (1) Session of Flame Stabilization and Quenching, 3 rd Int. Comb.
Ry V- BEFREMEN—F OBRBFEM O 2 Sympo., (1948), pp.3—20 & pp.68—101
BXOWAk%®, PREENERYS 1023K, EHA%0.1 (2) S. B. Reed, Flame Stretch-A Connecting Principle for Blow

off Data, Comb & Flame, 11, (1967), p. 177
(3) JEH, #kH, MRBedtss, 2ok, HT, 1987,p.70 & p. 187
(4) ZH, A, FEE, B, N—FKREOREEEIIET S

MPa 7»5 0.3 MPa, H¥&EA1 254 HH, Bk
PN BV TERL TR AR L, UToRGRE

48 F»

k7 - . . . EEREOTFZE, $3 B, 52, (S61), p.2712 & p. 3594

(1) Reed DEBALEIZECFREETO, WHAD () g s, B, L P, FRA/—FKEOMHLE
IRBERIE L ENORERRA & RIRHY I RD 72, B BTEFR S S IORE R, WMBEDRIF & e, 6, (1999), p.273

(6) TlIijima, T. Takeno, Effects of Temperature and Pressure on

Ub oc Suz 7';‘;2 38P0.79
Burning Velocity, Comb & Flame, 65, (1986), p. 35

T 72 FRh S PREEEEE & LK RIBEE TR FE X (7)  O. Kurata, S. Takahashi, Y. Uchiyama, Influence of Preheat

RIH 2 M BEA~AORER 3 KD 77, Temperature on the Laminar Burning Velocity of Methane Air
Mixtures, SAE Paper No. 942037, (1994), p. 119
M, P~'% ccexp(—E /(RT3)) (8) &M, %, P, WRTTOX 5 Y — 248 HMBEEE O
e . - " MG, HAF Ay — Y35, 25-97, (1997), p.65
(2) (H k}g@iﬁ%fﬁkﬁ%@ﬁ & WK A3 L‘< RBEL (9) &H, b, FREHERERMOMZE, 4 41 EHMEEATIZE

7o KEEDOREERRIL, 573K DL Lo FRIBE TR TR A TR, (1999), p.77
BHRCDHTIEE 5. (0 K%, WBETS, ALK, S, 1986, p.207

Download service for the GTSJ member of ID , via 3.140.247.39, 2025/05/05.94 —



129 AARHX2—E>¥25 Vol. 28 No. 2 2000.3

| B> =

INEE S I 2 HAY—E V2R
HEHENA 7Y v FYATF2DM% G5 3 1))

Research on Ceramic Gas Turbine
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Abstract

This paper describes potentials on fuel economy and NOx exhaust emissions of a series hybrid urban
bus system equipped with a ceramic gas turbine engine (CGT). The simulating program developed in-
house was used to analyze influences of several parameters of each main components of the hybrid ve-
hicle system on the performance of the bus running on the modified bus driving cycle. The basic data
used in this analysis for a CGT was derived from the results of “the Automotive 100 kW CGT Project”
of Japan. A dynamic response of a CGT-Generator rotating system was very much improved by intro-
ducing of “Assisting system” in which the generator was used as an acceleration-deceleration-assisting
device when much acceleration or deceleration was needed. This system would make a CGT operate
along the optimum operating line (fuel minimum line) even under the unsteady driving conditions. This
analysis showed that the fuel economy of an optimized CGT/Electric hybrid bus system would be ex-
pected to be about 2.7 times compared with a conventional diesel engine driven bus, and Nox emission
would be approximately 1/28.
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