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X X T Nng 70 | EERE S [%] 300 ~ 400 300 ~ 400 100
—@R )N RRE (%] 250 ~ 300 300 ~ 400 100
RiEE
* F TN 7 —OR S E (%) 80 ~ 90 70 ~ 80 100
1) FHRREL 2 | VEFREBERK (D= azrbp
TEMAKERLDIZ | BN
LS &Y 2 IEEFH O K8 R
D D HK BB R | B
RO & DBHERY v | BFEBERS 2
ve—E LTHER | OFERBEN

—34—
Download service for the GTSJ. member of ID , via 216.73.216.204, 2025/07/04.



Vol.33 No.5 2005.9

B DK BGERAM 425

£4 ROBEOXZEHEEIIT 558 RE

7 RO BEWHE, RESHE

R
« fﬁmx&~ﬁ~
/
Bk

BBKRAR At —
-]
X8 /%4 5 )VEI RO BEE Y 2 — IV OFAKR

Y. AL GANRNE, MRER CEE) ZHEERICE
EL, HEROMINISEBKAR—F—% AN, HEK
DOODOHG % EKE (hlA47) LHEET L, TOH
EIREFARANR—Y — 2 XHEICRE L - % EKE
DEDICEEARATANL FVEREL TS, E5IC,
AMINZE I 2 5728 FRP # &\ T\ 5,

BRI AL SVEBEO—HI DAL, FEKX
N—H—fEFN, ML D BERSBE I NS, B
EM LHERNEICA 272K GERK) dH0ofEKE
IZEDONS,

EBROEETIE, K9 DX RO BEEBEHANY £V
WCESE LTS 5.3 72, KIL0IRT X 9 1Z1st /¥ 27 RO
DA% 2nd /37 7 RO KA BN 7 2T %o

AU 7 I FREEREAS RO E FEEEt L o — X % RO &
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1812, KCDI® »E Y a— ViEEY =T, BilEsL
BAEE 2 X HICHAS DY, MRICHBES L BRBE2E
BLTWS, 20N LMEHLY F7L— M CHEE
LTwa,

K191 KCDI® @ 7 a— % 7R ¥, fMKIIHIES, &

fiis, BRZICHOKLTHBLTBY, BMKBEE
WEZ R T A2 720IBEREE TV 5, BRENKE
WS T EDEEE, 44 OB CRESBATE Z
DA —VEEZRI LT kb,

KCDI® gk R B AL TR B E MK BT
LDWV—HTH b,

3.3 ROMR+KCDI® ¥ AT L
KCDI &, FBRIAIZ, ROMEZEERIZEWTHEET %,

ZOROJE+ KCDI® #iks A5 2id, it BYH
TERIZEDDODODH D,

[20i2 RO fE + KCDI® #ik#E #7/R9, RO EBE,
KCDI°®, filfifgdrs sk LMARTEN, T8y M2
e oTWwb,
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4. BMAKBEY AT L

wiL, FEAREOREKEITBMAKMEE ST
o BMIKICIZEEEERKIZBIT 2 HAERFO LS
BlfE— L7 RN L, ZOBEORGOERERHE
P OEFITHEDETRESINTE 2, £ 612 DRAM
HEFREE & BRANDERKEB %2R T,

BRAKITAKZEICEMELL2KRTH Y, —BKN%
KEEHEE IERE (BXUZBEOHH), MAT,
HHW, TOC (ERW D E#E, Total Organic Carbon)
YU, BER, AU RETHD, FlzE, BED

7% 6 DRAM £ L BMARDERNKE
HE 1Mbit 4~16Mbit 16~64Mbit | 64~ 256Mbit 256Mbit
~1Gbit
EHEMQ -cm) 17.5~18 >18 >18.1 >18.2 >182
WHF (B mL) 01um 10~20 <5
0.05um <10 <5 <1
0034m <10 <5
£E(EL) 10~50 <10 <1 <05 <0.1
TOC (ppb) 30~50 <10 <5 <2 <1
B7EEE S (ppb) 30~50 <50 <10 <5 <1
)7 (ppb) 5 <1 <1 <05 <0.1
E&R. 14> (ppt) 100~500 <100 <10~50 <5 <1
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Relation between Peripheral Temperature of Bearings and Rotor Vibration of a
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Abstract

In response to the requirement for higher output of diesel engines in recent years, IHI has recog-

nized that a turbocharger with higher pressure-ratio and volume-flow rate will be required, and has

commenced the development of such a:turbocharger. One of the important technologies to develop the

turbocharger with floating bush bearings is the evaluation of design parameters such as bearing

peripheral temperatures and rotational speed of floating bush bearings.

The present paper describes some measurements in a small size marine turbocharger to evaluate

the bearing peripheral temperatures, rotor vibration and rotational speed of floating bush bearings by

using a slip ring system. Then for the rotational speed of floating bush bearings we compare the pre-

diction by a infinite length theory with measurements. The acquired results will be applied for design-

ing of floating bush bearings.
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Performance and Experimental Tests of Microturbine Generator
Simulating Microturbine System
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Key words : Microturbine system, Generator, Stator coil end, Electrical efficiency

Abstract

According to an electricity deregulation, distributed power generations such as microturbines are
being considered as playing an important role. We are now developing a prototype 167kW, 51000min™
generator for a microturbine system. Performance and experimental results of the generator are de-
scribed in the paper. One feature of the generator is our new stator coil end, which is compacted by
adopting special winding structure. As a result of an experimental test, in which the generator is con-
nected to power conversion system imitating microturbine system, electrical efficiencies are 93.5%
(including mechanical loss) and 94.5% (excluding mechanical loss).
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Influence of Secondary Air Jets on Combustion Characteristics of a Test Combustor

with a Two-Staged Combustion-Type Injector for Hydrogen-Fueled Micro Gas Turbines
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MINAKAWA Katsuhiro
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Premixed Combustor, Two-Staged Combustion, Hydrogen, Ultra-Low NOx Combustor,
Micro Combustor, Micro Gas Turbine

Abstract

A two-staged combustion-type injector used in advanced high temperature combustors for
hydrogen—fueled micro gas turbines was built. The concept of the injector aimed to achieve ultra-low
NOx combustion by impinging the secondary air jets from the small round orifices perpendicularly on
the first-stage premixed flame of ¢ =2.0. The combustion performance of the combustor of 40cm? in
volume with the injector was examined varying the number of secondary air orifices, N, the injection
heights, %, the overall equivalence ratio, @, and the total air flow rate s The findings showed that
high combustion efficiencies and low NOx emissions were attained in the combustor and were insensi-
tive to V and A. But the total pressure loss was strongly influenced by N and h. The injector of N=10
and h=10mm selected for the practical combustors was confirmed the flame formed to be quite stable
having the excellent performance for combustion efficiencies over 99.7%, NOx emissions below 4 ppm
@0215% and total pressure losses below 4% in the wide range of 7. at high @ of 0.7. In addition, the
air flow rate and the volume of the practical two-staged combustor with the injectors for a micro gas

| TR -

turbine generationg a 3-kW output were estimated.
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D RHRBEIR
Mas + —REXRME,

My - BERME, g/s
my - TREZIMLE, g/s
PL . BEEREERER, %

9 cnfL b (4
zZZZ, AP=P,P, P,:BRE#HLEEE, P,
P,: X&JE, P, R :&4&EH, k]/(kgK),

T:#EE, K,
Ags | “REGILRER, m% o RERY
m P EEiE, kg/s
Ugs + ZIRZEFEHEMEE, m/s
up | FREJTFIEMIE m/s
Ny @ BREEZIER, %

Ma+ M
%z(l__JT_EZ

g/s

2
PL- ) %100

MWT‘XHZ

e | KFETRE, g/s,
M, : BREBET ZAOHTE, X! BYBRESAFOK

(3)

M

) % 100

ZZIg,

Mg, : KE DT &,
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FEOENGR

@i L —RLGRE (FRERYEL)

QS AR LR

A RRZERWREL (A= map Oham+ mas),
Mam - RRZESIE, g/s)

2. HBREBHIURRTE
2.1 ZBRBRREA LT 17 aEBRRRESE

REROFEME A Y27 5% (Pl ERTER
AR 2L, FRERIL - kst Rz EIN) T3,
FUCBEFRAXE (BE) & Ihz i) EEiimX
% B4R Ehoks, WhWLET UYL KENBREE
NCTwi, TNHDKEDRESMETH» S, NEDT
FIBITiZ, BETFRAKEDLEIZHED B &R
BRI L EIRS AT 5 2 L SRS Y,
oIk, AWML YTy ¥ OB, BIRILE D
WE N ZRZERTIZE B2HR - BEDRHED, WED
THRBICEEVBNZ EEZRLTWS, LA 2T, C
DEBREERD > TORER LB THHEY, &6
7 BIENOx L2 M5 L THEMEE Z b,

IO VT MIHEDINT, —RIRBET A &L ZIRER L
DEERELZERTIEMERBTIL2ER DL, BE
DOESICHER RITTHRT & LTI, ZRERILOWHEE
WL td & LT, EEAE, BHHIEE, EER
Wi, BREBICBITILBEREEIILZLDODOPTES
ND, —HEM ARy — ¥ VRBERT A X281 % — kIR
B & TIRZESERORAICHET 5 EEB L UBERRIC
X BHFZeRERDS, NASAICK-oTE 6TV &
hcral, BECBIZBRVERELRN T A—-713, LK
LEHBEHEILTHLE LTS, AFETEZ TR
SEOWRIE, THZEBLTHEYD, ZO#HREESE
L7 Tbb, EERERLICEZERAT S ERLL
AR, F#E A V22 ¥y TRIFZHERIBONIE
BB ZFOEIHAEILEL, IBENRTA-FIIT S
TEITL7e AT, ABRBEFRTIHREICRERZ
BEIHEEIELHFRTHD, KRISHT LHEGESH
KEDTEE - e AMREICHBEEZRIZT I EHERZLN
12728, SHIZOWTHLRARLZ &L

DEDZ & %¥T 2 TRETLAZERBBRA V=Y
7 SHERRBEBR OIS Z B 1 12RT. TRESA v V=7
¥ (N 4mm, Y AE : 1mm) ISHEEBFREAKE
(—WBREE) 2R S, THICHEE L RERES
Bh b REREZMET ABEIC R > TD, ZRER
BEEAUCIE, HBEOILFHELICSEHRICRESIN TS
D, TWZERIZZ OIS REEM P OEICE o TEE
CEETHEN SN, JLoFRIE, ZREEOBENEL
MIDES S L 2EELCHEL Lz, ZIREBXEIRO
HELZIEETAHENT, SREJERRO Z CGEEIZIE
BENEZHALTH S, T2, KEEBEZEG/ S T
BHEN I AE R, KEEROKRTFIERBETE
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920
B ] Alumina Tube
+— or Quartz Tube

$30

Secondary Air
Injection Plate

| Quartz Tube

Premixed Gas
Injector (ID=4)

Flame
<— Holding Air

. Unit:[mm]
Premixed Gas
(Primary Air + H,)

1 TEBRBRBERIA D = 7 7 RERIRSES:

®1 ZRZEFEFROEN

Name N4 | N6 N8 | N10
Num. of Orifices, N 4 6 8 10
Oifice Diameter, d [mm] | 1.6 1.3 1.1 1.0
Area Ratio, AR * 0.64 ] 0.63 | 0.61 | 0.63

*: Area Ratio =(Total Area of Air Holes)/(Premixture Port Area)

559127 TROEDNL FTOREERG TS & T,
TREZEFE A REZDLILDNTERTH 5. KK
EIIZIFRERA V27 ¥ LR BDOREEE
ZW LT, KREROREAERS L) 2L, B2
K[OWMEIE, I TERTIMERIIBNT, XERLE

LT A=0.15C—&& L7,

AREBRCTHEH L ZREZEFROFMZ E 1ITRT
IIBNORLL ABEEHA VW, LOERZ, FRE
SALERICH T 5 ZRERILBER O, AR 23%0.6
W25 L)ICHROTz. ZRRBEERTOREBRSDER
PO AR /NS LIRZBARHEDEBHEZ KX L
TAHIENET LW, BIEHBEEKIIAEL RS, &
DAR I, ZoFREVHIS, FE@EAL > TV r 02
BOWTRLLHAWLAZDDTH 5,

RIEREIIHNEI0MmM T, Al 6T FRERA v
V7 ZmiEHS S BREER RO T CORBEAT0mm 1272 5
IR ZDORESERME Lze BEEF ZBEREDBEIZ,
BBEFOBIREEWAPIZ 572012, BEERIVAE N
ThIFT77ANBEEREZ R, KRERZBET LS
BIXEEN T RAIREERS 2 Iz,

2.2 BERAFEBLUEREH
NOx - KEZEDKBEWER, M2IZRLEY Y ZFBOK
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Combustion Gas

Combustor f
Exit

Water Outlet

Water Inlet
4—_—

7 -
7 Sampled Gas

7 Sampling Tube
e (OD:2.0, ID:1.6)
L | =
o~ — —S >
| e
~ A $0.4X6

- Unit:[mm]

M2 BEFARAZILSo—7

HHILT O =TI o TRBEB IS BIT A RIEN X %
FELL TR ZBRFE LB, NOx iHMEFEREEICL S
HE)ETE: (rF 2 ECL-7T7TAR) %2 HWT, AFEid
KFRERT (BRI 84T R et 5%, BuE
% 1 SP-237H®) 2#HWTEFNREFRUE L. MREER
ERE LTOHMIBEL, BRESBOICE T 2BES
ERERBTA LD ORDELENH B, 2OV T
BLIL7u— 7%, BERHDO (@20mm OH) %6/
ORBZTEL, &X7 ¥ a vy OEERLHSBIEN X
ZRERMT B ET, ZOFEHBEZBHHICHS
EZBRLObDTHD, FHERICL-T, 0%
L7O—TOZLUEIIHER L TH S,

FEW L7z NOx BLUKAKZRER, BRELLAGOR
ZHES H7:%0, Y BEESN AR TOREIZH S HICH
BHLTF—41MkL7 Thbb, BRERSIROBIER
B,

Ho+ (@t - SR) ™ (0.2105+0.79Ny) =H,0 + [ (@ -SR) -
0.21-0.5} Og+ (@t - SR) *+0.79N, (R1)

T, SR:AE-ZRISOIEREREL)
WZEDSLCHDEREL, HEHED HoO, 0; Nod&4k
FHEOENFEEZHOTITo72, 28, NOx, kEEd
WWENREICBOWTHMETH - 12720, BEREOSH
KEINLINLDENGRIGEH LIz, BB EE
i, BOFTAEMTHLIEBbHB LI, FOHLL

Momentum Flux Ratio, J
3020 10 5 3
0.8 — + + 0.020

Mot

1 Diffusion Flame
(Secondary
Combustion)

07 ptha
0.6 | 1 0015

E 5
= o
.§ -E
g .
5 05 & .
é c‘é Mas
z 04 r 0.010 3
=} o :
= 03 | =) Rich
. e £ Premixed
< 02 :///,/,,f//’f 0005 % ||| ||| Hewe
1 =]
& 01 = h | =1 *Tt
‘>la 0 L ! I 0 jan} . "nﬂﬂ'
Hap+ MIH2

03 04 05 06 07
Overall Equivalence Ratio, ¢,
M3 AYT=r2IZBIFBEHMEBERS (= 0.68g/s,
WEED my D IZEREN, £, s, p, fREERT)
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% ppmvw (parts per million, volume of wet gas basis)
ERFLLTZ. B, NOxBEORMFHRFREIZL B
HiIfTo TR,
KEBRTRIEADONHLVIFAICOVWT, BETR
AREDOLELI, ThbL-RUBL GIIZ2T—EL
L, ¢t 2B E®/2 COQIE, my & — RS %
Mo, KERE med L O —REZRRE myp & K%
SRR mys EOMTEBIELTERTL 2ZOLEDA Y
Vi v B srRmEER, RENLEHN my-=
0.68g/s DPFAIIOVTKIZIIRT . T/, BREEZRFICH
ATLFRARBRVCELRORER, TRENERTHD,
EERITTRTKFET TIT - 72

3. XRBREEE

3.1 KRR

B4z, REMRSEME BZESIE my = 0.68g/s,
—RYELILPi =2, BBESREELELP=0.7, ZKRZE

o X 9=070605 0.4 0.3
235
254 §g%;§ﬁ§§§§§§
g~ 3 '
o w i
82—
15 — ' 0 100.0 —
: : = =
25 [o:Na 99.5
g . A 2
£z 10 A :N6 o =
= ©:N8 99.0 &
(3? 0:N10 v R
gC s ’ g
Z 985 =7
0 98.0 O

0 5 10 15 20 25 30 35

5 SEBEFRILICHT S NOx#E, 7, PLOEAL
(g = 0.68g/s, h=10mm)

KIEHE S h = 10mm) (2B BRBERFNKROEEE
HERTo WTFRONIZBWTYH, KREZKTFRE
BA VY22 F ) DICRBIMNEL TR EHF»bI 5,
TRZESEER L ) TR TRREFIAHBIC R > T
BT END, TRBEETEOEZRIC L o TEIREGRSE
PHMLLETLTWADDEEZONSE, ENLDER
EBFETRS &, ZIREREILHE OB Z —RIRBET A
H—ERER L, OB/ ZIRBBEXRPTEEINT
WBI Wb b, N=4DBEEIIE, FOBRBICHER
END RN RDKE L, PRBERRRE IR L TlREL
THIENRbPols N=6ULETIE, KESEOEIR
PREICKEZEVIRERON R P72, FINHD
N T, ZTREREHE LD TWIZBWT, EiRAE
DR RENT VB, TNIE, MIBE»SLELLILOM
MR B H I OE, REEICL - T, BEMANORNSE
RO DBEL b EEZ OGNS,

FOTRESEHEHRIZBNTD, my=0.68g/s DS
HTix, 0.3<@:<0. 7D TKREDKE R OLIRENR
BEANOBBIIBEINT, BOTEKERKEPEE I
5 ENbhoT,

3.2 A RS LULERKRE

3.2.1 ALBOF

TRZEEALE N DEVD, NOx BIE - MEERE - &
JERERICRITTHELRH/2, HREKSIIRT, h
210mm & L72e & NIC X o TRZRILOBHE D
EHETRZ2 D70, M ESERRL J TERLTH S,
NOx #JEIx, @ 530.60L LI 5 & ABusimL 72,
BWoilz b e, NAFKEWIE) A NOx BEIXET
Bl B, FRIZEREREBWTIZ RV, — N2t
A ZXDH AT —E VRBERICOWT, ZIRBBEHEIBICE
T BBRBEN A L BRER L ORBERAMEE o 720
2001k, RIFRBAZEKT S LT, ZKRZERLD
BIZEELZNFA—FIkoTwWh, LaL, &LV

N

10

Side
View

Top
View

4 SRUBIO=0.71281F 5 KREBIR (@i=2, my=0.68g/s, h=10mm, u,=9m/s, u, =40m/s)
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VI IDEHIE, FEIHEVERTREBRESThAI
ZHAEICE, NILTLIEETLRVWI L2 ZIOKE
WRIEBLTWS, T/, ZTIREEKRLTWEREWE, R
R A Y2y FNIHNRTIE, MU @ THhELZES,
KD OBRBEIEKBRENDE 2 Latbh oz,

BIBESIR 1,1, WTFRONIZBWTH0.4<¢:<0.6
DEFTIXITITI00%E NEX "R D N2 @e=0.7Ti3
RRETL, ¢t=0.30KLBHEMTIE, KEJKET
LTW5, FREHEICL D RO IKEIREZ IV TRRBE
hEEFREL 572 25, 0.4S@e <0 7TOHBE TIZER
BEIZE DIRBESIR L L AL —F LT SOZ &I,
APRBERS TR R SHPRBHE L 2h b 5T,
THRBRBEEB CTAREZERIREICELTWAZ L 2 YiEo
TWh, LA oT, @r=0.T0EYUEREMAEIZBITS
Ny DIET X, BBEF ZADOEIRALITE D %D KFEESD
BEICLDZEDbh b, —F, @e=03ETIX, J
BREVERMALZY, TREEETAKRIICEETH
BT 57202, ZORKEIKEMELZT, BFE%
HRPELT, MENEFMETLZbDLEZ SN,

FERRE PLIIZREFILTOEEZR LTS, X
SIARL7E I, FTREARRBIICRERBEDOH Y
FUTFTTHY, »oFREFILTREET 2 2EHEEEIT
FTRTOFHTINRERETH - 7272 0BBPTE L EEZ
72o $/z, BRL7: PL L JOKMEIZ, £ REZES
WTOILDKRERE Ags DBVIZE 2EBE 2L T720,
NIODBEZFHEIZL T, THITHT S {FRERILE
HROHO - Fl% ERHEICHIT T, BEZRBLZDD
Thb, ILOKREROBEBNIIENITH B0, JLOW
BRBa3E L2V DEREL72.)

SERUBH @ H/NEL 2 BIETE, TN EL L
BIEEPLIEFEL o TWAHI ENbR L, @ H/ME
%dE, R3ICRLAEEICZRERKBIIKEL
ToTWwh, ¥/, TOL XD IRE[ENPUEE % H
R72E 25, NIODBEBEIZDWTP=0.7TIZ#330T
THolzd, GtDETIZED Lo THHAIEKLL Y,
Ot=0.3TIEH250CIT o TV, iy, & ZRERR
B CREZESRBELIELR) 0EE2RX Q) %
FAWTEli L2 2h, @2k b PLOEIE, h
LIDOORTFIZL o TUTITHBATE L L b o7,
Ot DEALIZ LTI, mgs DIED DS, FOEILEN L
BHRELSPOZETHLAD PLIZRIZTHEBIIKE
Polz,

—%, NHINELhBE, THhITEs TIRERE
HROBENLRT 2 EHbhotz, ZOBEHIE, K
ADKRREENPLDLHND LI, NHFMSWIFEDR
ZZRBHEOKEIZE 5 EN D REREHIR O K HERE
PR LTVEDTHbH, DD, “RELSEKE
EREL o TRAFEMETL, MEINKEL 2T
PL¥ML72EZZ 005, XoT, KAV V¥
HETIE, KREBMEICBITIDREEL Vs Y BE
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EOBBENTL B b7, MEEFTRLKENSDIE
BENP PLIZRESFET A LVPHLI: IR o7,
NOx & PL, #hZFNOHMxtfEiz N2 o> TEFRIZF
EREQILEBDRZ VY, BNIT RS- TRRIENL
PhEWZ L, ERTIIRBERICHAT 5 BREED
ATHIEEEZDE, PLEBHNSSHLIV, 2
DL BRBEIS, ZREREHRICBIT S NIZ10D°
WELEZObNDL, ZO%E, “REZBERICZL > TK
FKIZIZIZEALAD LN T WD 20, TRZEESHRBE
DEBROBETHOAEREZEZ LN,

3.2.2 ZREFREHEIORE

P A MERE, 2EHBEEE X UOZRBIEKEORIRH
5B & HIM K 7 N10OD 2R ZBREE IO T,
“REZEHE S h OFERRI. k5, 10, 15,
20mm &2 L E 7, HRER 6 IIRT. RERTII,
PIZE > TFRERZMENRLR L7202, AETHA
BEFREKEORE Lyrmm PE4LT %, 22T, &
DFREKEIINT 5 _REZERLBELIDOH»S LI 1T,
Lys THERTALL72EE W/ Ly AVWCER - 757
1LL720 Lpsld, RROEHEFE %X _MELALIE L /- B
»h, FTREKRESNRE FRERA v Yo7y HOme
DR FE L TRD 72,

NOx i&FEix, @:=0.3, 0.505M4TIE, “RERE
SHMZEAST IS 513 SEPIHEMT 5285 3IF—ET
Hbo Pr=07TIX, WLy HKELBBIZONT
NOx BEIZERPITIET L, h/Lyr= U, T4bD
FRAEKKROTERIZB VT ZRZER 2 HEH L2587,
AEBRHFHTII NOx IREFE DKL 2otz @:=0.7
DBUBRHEHBOBE, RA Vo r ¥ THBE NOx #
B ERT H7:0101%, NEHOFRAKRTHRTOK
ZREDRREBENBRDIDEETHLI L, ZOBRIE
RLTW5,

PRBERIZE N, 1%, @t=0.305%M4TI1X, HEOTRE

Total Pressure
 Loss Ratio, PL[%]

/]

2 0 "'L’,’f
RERE S ORE

nal Se

' el >
6 NOxiEE, 7, PLIZK
(14 = 0.68g/s, N =10)
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KFEL DD ERATOREREEH LBEICZT0E
WS, FURBICRES LzBAICE, RESEKETLTWS,
Pt=0.5L0.TOFMETIE, WL, kb3 1, 131312—
ETHY, POEERBET LI LIbroTs
LEEEFEPLIE, WTRO@IIBWTD /Ly D
B &b o THIRICHMLZ. S0k & RERHE
SROBREL, 7L 2 30t=0.T084E, h/Ly%0.28
T220C, 0.56T330C, 1.1T440C & h/Lyr DHIMIC &
bHVWERT LI Lo BA VP2 7T,
FRAERRERENEONSWVHEEN 7 RE (Dik, B
WCHSAEELED)) RICBREETWE, 7o RAEREL
KL ORBICIE, BRREFDRNSED, FL @ Tid
BRELRFEI—ETH LD, h/LyHBKEL RS,
Thbb A5 AERPEL 55138, ZREREPE
) BT CICBRREBSIHEIATLEY, I RE
7 b N R ERBEEENBIROBBET ZIZEH SN
BT EIhb, FOKE, “REKVCHEHICMEAS N,
WHDSHEM L CPL YT BolebDEER b D,
Pe=0.TCOFMEZERTGE, N1, 3VFTND /Ly
THOMBR VD, NOxBREE PL LA h/Lysilnt LT
FL—FA7DOEBRIZRoTWE, ZDkD, Rilik
B LILIITELRVY, NOxBE, PLO
LZFYEE G Z D502 R A ETE, h=10mm
(R/Lyr Ti20.56) b ZNITELS 2D TOEED
NOx i 1Z#6ppmvw, PLIZH 3% THH, wih
LI ZWEEZ OIS, L7255 T, N=100Z
WZESIESHICBWTIE, h = 10mm AL & HM L 72,

3.2.3 MERRBOZE
ERBRBEZHARA YV 27 ¥ A RAGEEITIE,
APZFILDTHRAI-E VOLERBTZHRET AL

— 6
X O:9=0.3
Ex S fle: o5 o
2% 4| le_07 o
o g @
&3 3|
g%
g3 2 g
-t
1
15 @ op o— 100.0 _,
S
g =
- T 1995 =
SE10 ll ‘ &
£ .5 .\\\\,_”,4 1 99.0 &
C 3 =
U 5 NOx .E
> 1985 3
@ 2
.M: &) S
O [#]
0 ‘ - 98.0 ©
0.2 04 0.6 0.8 1.0

Total Air Flow Rate, #itar [g/5)

7 NOx g%, 7y PLICRITTRERTEDOCE
(N =10, *h = 10mm)
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il Be —DODA VT 27 ¥ THAN-TELHREHEMN
T, ERRREEROTF A X L CRKRRE ST
B en, T, ®A VTV 22 ¥ IZBVWTHRERRE
AL &S, TP NOxBE, 7, PLOZRMRERICK
BTEELRAR. TOBRERTIIRT A ¥V x”
¥ &R, TNETOHEEHS»S N=10, h=10mm &

L7

NOx IR IX, my DEWVIZEoTIFEALEILIZR
ST, WTFhLERBETHLI EXNbhoT2e my =
0.45g/s, Qt=0.7D5%HTIE, bFHIBEML TV 3
A, ThHRREFLEVDIL, FRAR - ZRERE
BIROMBEAGEL 5 Z & THEIZL 2N DM E V)
LRy, ZREBROBEIRBICRLZE, BLXUOR
BRNOBERMPEL 25 LOZO0HAICL 2D
DEEZbND,

WRBERNE N, 13, Qe=0.3DBEITIE, mg OB
LT MR T L7225, @=0.5 0.705&HTINT
NO my THTERBET ST EDPHERINT,

SFEREE PLIE, my S LTIE, FOHICHHA
LTS % & FHRENLD, EROBMEIIENLY
LBBICR o T WD, sy DWIIZ X o T, ZRER
EHBIREIMET T 5 2 L 0%hh oz AEBRTIIRE
EERBEE L E—FBIILTWAE LD, muBKEL R
BERERZRRBOHNRIZIZ L RoTwd, TDW,
KRRILEZ BT H 5 &R R EAESEERE O L5
P SN, PLOWMAIBRR P holzbELZ bR b,

REBOWEHP, 0.45g/s < mgy<0.9g/s 2B WT
2, KEROREMORPIRERENOEBRIIRL 5T, M
DTKRREREDENA VTV ¥ ThHHIEIRERS
N7 IAREBTHW A Y P2 7 FEOSE,
Qe > 0.4 5l Tdh GRS b7z o THERZZHREE
HEREPHBRTEX LI EDE, A7 UHAY —E VBREE
RIGEA TS LTI, FNRBEERTS LR HS
BAEED S R AEFLERIC b2 THERRERE - BIK
NOx MR ER TE LMD TENLLBEFATH L L
B %0

4. RBRBBORE - U1 XOHKE ,

BRIC, RA YTV 5 2HAHRATIERRBERICE

B ERRE B X CMBEE DY 4 LIV TRE L7
£2 A7 VEEEME EMYA L)

Cycle calculation conditions

Output, kW 3
Pressure ratio - ' 3
Combustion efficiency 0.997
Pressure loss ratio of a combustor 0.04
Compressor adiabatic efficiency 0.65
Turbine adiabatic efficiency 0.75
Mechanical efficiency of a generator 0.95

Heat release rate of a combustor, MW/(m’-MPa) 2000
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E 50 0.7

i" 40 & 198 iﬁ

QL [ .
—~ 3 g
5% ;:j::;><: {05 &
it =1 &
£9 ¥r o4 g
g3 103 E
g2 o7 -
B g . ] m
5 Q Mat 02 =
= O £
=3 10} g
<"f = 1 0.1 o)

S

E 0 1 ! 1 L OO

G 1200 1300 1400 1500 1600 1700 1800

Turbine Inlet Temperature, T,[“C]

M8 HRAF—VYryHHKWIIBITLEAME
RIEEATE, SHLER

FZEEOPEELTVWAB/PIALT RS- O I3kW
PEONDB LI %, FAT-VYVORZERHEEZ YA 2
VEME (BHHY A 2 V) 12X o TRD, SHETREL
TREMREOZBEK2IIRT, EMEOENEIZ3
L, ¥—E Y AOEE : Ty 131350C ~1700C D #ipE
TELEE2, 72, THETREELSIPERL-NH
KRBUPRIE IR R 75 M T IR A RURBE 237 & AR BE D R 45
BRR2 X 10°MW/ (m® MPa) #1RE L T, MEEE D1k
BV, emPeRodz, FESEREY, H8ITRT,

Ti =1700C DB, HA ¥ —¥ yHA3kW »BESh
B omg 43 11.3g/s, 0k X RBAFE2 x 10°MW/
(m®-MPa) % i 2§ 5 BRUE S AR AR 12 38cm® & 7 o 720 A&
EBCHAL-EZRMEOHBANTHNE, AENESL
RIS T 2 DIZET 2MMES R X1370mm THo L EZ
bbb, ITNLHBRESEDY A ZIZHE G 26mm X F X
T0mm & %Y, ZOWENEICHLTIARS VP xr sy
OEBIZABEE LB, A V27 5 1MRD-) DERRE
BIXEELRMGTH2.8g/s, KRESLMTIX0.94g/s (248
WYL, KEBRCTHAL-IZZEEANTH 2, ARERD
B, BEATAROKKRBEITZOREICHIT AR
BIELTWAZ L, FLERSRS NOx 3TXT
Thermal NO ICHET A 05, KRIESLMGL EH
GHLTOIRLE->TYH, BMBFTABEFRLTHR
ITHEA A RBIIRE L EZONE, £2T, ¢t=0.7,
Mg =0.9g/s ICBITHEHEEZE 6 »OHAMS &, R
BERIERIIH99.7%, NOx #EEIE&6ppmvw TH Y,
OTENTHRELE T2 ERREFOERINEFTE 2,
COEHNOx BEEZ, FI9145HT15% O BHE T 5
L#3ppm TH Y, BUEBHKEGETHHIZHP2bST
EHFBREYE TSI L TS, PLIZ, 4>V
75 DBEIZE o THHEERT DI EPEAEERTH
O holzlzd, ERFBTOEEZRED A LIZN
HTHHY, BULHBAREZHLZLICL > TELH
RBZ L THUELEEZ LN,
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Heat Transfer Characteristic of a Triangular Channel
with Turbulence Promoter

TAKEISHI Ken-ichiro* KITAMURA Tsuyoshi** MATSUURA Masaaki**

SHIMIZU Kunihiro***

Abstract

An experimental and analytical study on the heat transfer and pressure loss of a triangular cooling

flow channel with and without turbulent ribs has been conducted for high reliability cooling design of

gas turbine blades. In addition, the means of enhancing and controlling the local heat transfer on the

surface of a triangular ribbed channel, utilizing the secondary flow from the gap between side-wall and

rib, are proposed.

The contours of experimental and analytical Nusselt number on the ribbed channel with the gap

show the enhancement of heat transfer by re-attachment flow, swirl flow, and secondary flow from the

gap. Optimizing the length of the gap enables the enhancement of the heat transfer around the trailing

edge and to assure mean heat transfer in the whole of the cooling flow passage.

NOMENCLATURE
de Equivalent hydraulic diameter
f Friction factor
L Distance
Nu Nusselt number
Ap Pressure drop
q Heat flux
Re Reynolds number (= pvde / u)
T Temperature
\% Velocity
h Heat transfer coefficient
A Thermal conductivity
u Viscosity
p Density
0 Wall thickness
Subscript:
f Fluid
loss Heat loss
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m Material
wi Inner surface of the wall
WO Outer surface of the wall

INTRODUCTION

Advanced gas turbine blades are exposed to high
heat load and thermal stress. The internal convection
cooling with ribbed channels is often adopted in cooled
turbine blades to satisfy their life. Many studies of the
heat transfer and pressure loss in the square or rec-
tangular ribbed channel have been conducted.
(Bargraff et al, 1970 Han et al, 1985 Anzai et al, 1991
Taslim et al., 1994)

However, there are various geometries of the cross
section of ribbed channel installed in cooled turbine
blades. Therefore, the heat transfer and pressure loss
characteristics of various cross-sectioned channels
have also been studied. Metzger et al. (1987) investi-
gated the heat transfer and pressure loss characteris-
tics of a triangular channel which simulate the cooling
channel at the leading edge. The effect of aspect ratio
(heightidth) in rectangular channel was reported by
Han et al. (1989) and Tasilim et al. (1988). The heat
transfer and pressure loss characteristics of a thin rec-
tangular channel which simulates the cooling channel
around a trailing edge is the subject of the study by
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Kiml et al. (2000, 2001, 2002).

At the trailing edge of cooled turbine blades, the
cross section of the cooling channel is a thin triangle.
The heat transfer distribution in such a channel is
non-uniform and complicated. In addition, it is difficult
to cool the trailing edge where the heat transfer area
of the gas side is large, compared with that of the cool-
ing side. Therefore, cooling air ejection has often been
utilized. Taslim et al. (1997) investigated the heat
transfer and pressure loss characteristics of a thin
triangular channel with and without air ejection.
However, it degrades the aerodynamics performance
and cannot be applied to closed circuit steam-cooled
turbine blade as shown in Fig.1. To attain high reliabil-
ity cooling design of the trailing edge, it is indispens-
able to understand and to predict the local heat trans-
fer coefficient in a triangular ribbed channel precisely.

In this study, the local heat transfer and pressure
loss in a triangular ribbed channel is investigated ex-
perimentally, and the means of predicting them by
CFD (Computational Fluid Dynamics) is investigated.
Also, the means of enhancing and controlling the local
heat transfer coefficient on the surface of a triangular
ribbed channel, by utilizing the secondary flow from
the gap between side~wall and rib, is introduced and
confirmed the effect experimentally and analytically.

=

=

s

[T

§=:

ol

Figl Cross section of steam cooled turbine blade

-«

Cooling
steam

EXPERIMENTAL PROGRAM

Experimental Apparatus and Method

Fig.2 shows the schematic drawing of the test sec-
tion that simulates the cooling channel at the trailing
edge. The test channel has a thin triangular cross sec-
tion whose mean height and width are 17mm and
125mm, respectively. Ribs are installed and staggered
on the left and right walls in the channel. The rib
height and width are 4mm and 5mm, respectively.
The rib pitch-to-height ratio is 12.5 and the attack
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angle against flow direction is 60 degrees. Four types
of heat transfer test models with different rib lengths
are shown in Fig.3. One of the models is no-ribs and
the others have the gap between narrow side-wall
and edge of the rib, which length is from Omm to
25mm. The heat transfer model, including the channel
wall and rib, is made of low thermal conductivity
material, Bakelite.

The local heat transfer is derived from the measured
heat flux of an electrically heated thin stainless steel
foil adhered to one side of the ribbed walls. Local
wall temperatures are measured by approximately 130
thermocouples embedded in the channel wall. The de-
tails of the measuring locations are shown in Fig4.
Dry air is used as the test fluid. The Nusselt number
Nu is calculated as

Nu = hd. / A¢
h=(q- Choss) /(Tyi - Ty

Qoss = Am (Twi - Two)/ 0

Equations (1), (2), and (3) consist of the heat transfer
coefficient h, the equivalent hydraulic diameter d,, the
thermal conductivity of test fluid Ag the measured net
heat flux q , heat loss by heat conduction through the
wall to backside Qs the local wall temperature at the
position of thin stainless steel foil Ty, the wall temper-
ature at the outside of the channel Ty, the main-
stream temperature Ty the thermal conductivity of
the channel material A, and the wall thickness of the
channel §. The mainstream temperature Ty is interpo-
lated from the measured fluid temperatures at the
starting and end point of the heated range. The typic-
al measured wall and fluid temperatures are 40~70T

—» (<10
125|115 SUS foil
heater
pr P Detail of
Ribbed channel 2 heat transfer measurement
View A
A
5
50 SN AN SRS
Y 5, W N AN
Air N MY ‘\ \, ><‘ 98
[=p} T o \ \ R \"\‘ AR -
60' SAMH LN RN A N
£ £ o 2 £ £ 3 3 £ 9 > K3 £ v
475 . 375 ]
e

X

V7771 Heat transfer

measurement region

Fig.2 Schematic of test section
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and 20 ~ 40C, respectively. The uncertainty of this
data reduction mainly depends on the measurement of
the temperature and heat flux. The estimate of the
error in calculating heat transfer is at most 10%.

In a fully developed channel flow, the friction factor
f can be determined by measuring the pressure drop
across the flow channel Ap, the main stream velocity v
calculated from the density of test fluid 2, the
equivalent hydraulic diameter d., and the distance L
between the pressure measuring points at inlet and
outlet of the channel. These data are applied to the fol-
lowing equation.

f=Ap/(4L 7/ do)/ (1 / 272 (4)

Tests have been conducted at Reynolds number,
based on the hydraulic diameter, from 8,000 to 78,000,
changing the mass flow rate. Reynolds number range
covers typical conditions of air cooled turbine blades.

|
|
1

Fig.3 Test channel

Air

=

Smooth channel (no ribs)

Air

Air

Air

Ribbed channel 3
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Fig4 The detail of measuring location

Experimental Resuits and Discussion
The streamwise distributions of Nusselt number for

the smooth channel are shown in Fig.5. The stream-
wise variation indicates the flow developing in the en-
trance region of the channel. The Nusselt number de-
creases with increasing downstream length. It reaches
constant value when the flow is fully developed. Inten-
sive measurement region with 100 embedded thermo-
couples is exposed to this fully developed flow.

Fig.6 and 7 show the variation of the mean Nusselt
number, which is the arithmetic average of local Nus-
selt number at the intensive measurement region, and
the friction factor with Reynolds number. The results
calculated by Blasius, Kay and Han's Correlation (1984)
are presented for comparison.

The mean Nusselt number and the friction factor
measured by using the smooth channel model agree
very well with Kay and Blasius's correlation. The
validity of the measurement with this test section is
confirmed. ,

The mean Nusselt number of the ribbed channel 1
(without gap) is approximately 20% lower than that of
Han's correlation. The friction factor of the ribbed
channel 1 is, nevertheless, approximately 60% higher
than that of Han’s correlation. These facts are attri-
buted to the effect of the geometry and aspect ratio in
the cross—section of the channel. Friction factor of all
ribbed channels increases with an increase of Reynolds
Number, although that of Han’s correlation is constant.
This result, which is similar to that of Kiml et al
(2000), is due to staggered array of ribs on the left
and right surface in a thin channel. Concerning the
effect of the gap, the smaller the length of the gap is,
the larger the mean Nusselt number and the friction
factor are.
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Experimental Nusselt number contours of the smooth
channel and all ribbed channel are shown in Fig.8. The
distribution of mass flow rate in the channel affects the
heat transfer. The velocity in the thick region may be
large, compared with that in the thin region. The con-
tours with all ribbed channels show the heat transfer
enhancement by re-attached flow and swirl flow. In
addition to them, the heat transfer enhancement is indi-
cated around the downstream of rib edges in the rib-
bed channel 2 and 3 (with gap). Therefore, the ribbed
channel 2 with small gap is effective for cooling the
trailing edge. Fig.9 shows the variation of the local
Nusselt number around the thin region with Reynolds
number. The local Nusselt number of the ribbed chan-
nel 1 and 2 are approximately same and the highest
compared to all. In particular, the local Nusselt num-
ber of the ribbed channel 2 is slightly higher than that
of the ribbed channel 1 under comparatively high
Reynolds number condition.

Eventually, optimizing the length of the gap enables

250 T T
Intensive
measuremen
region

-8 Re=8000
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—&-Re=28400
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Fig5 Streamwise distributions of Nusselt number
for .the smooth channel
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Fig.7 Mean Nusselt number versus Reynolds number

to enhance heat transfer around the trailing edge and
to prevent the large reduction of the average heat
transfer in the whole of the channel. The optimum gap
size is supposed to be between Omm and 10mm in this
experiment.

NUMERICAL ANALYSIS

Numerical Process

Three kinds of ribbed channels stated in the pre-
vious section are analytical system. The computational
domain, as shown in Fig.10, is only one rib—module
based with rib position in streamwise direction of the
test channel. Fig.11 shows the example of analytical
grid with approximately 200,000 cells. Periodic bound-
ary condition is imposed along the streamwise direc-
tion. The similar analytical method is adopted in the
previous studies (Braun et al, 1999 Ciofalo et al., 1992
Hermanson et al, 1989). Three-dimensional incom-
pressible analysis is performed with Fluent5.0.
Eddy-viscosity turbulence model according to Realiz-
able k-¢ model (Shih et al, 1995) is used. The analy-
ses have been conducted at Reynolds number, from
28,000 to 65,000, based on hydraulic diameter. The uni-
form heat flux condition is applied in the heated wall

except ribs.

Comparison with experimental data and discussion
Analytical Nusselt contours of ribbed channels are
presented in Figl2. All contours agree with ex-
perimental contours shown in Fig.12 qualitatively.
In the ribbed channel 1, the maximum region is
moved to the wide region of the channel with the in-
crease of Reynolds number. This tendency is also
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Re = 28400

Re = 48700

) Re = 64900

Fig.8a Experimental Nusselt number contour
(Smooth channel)

somewhat indicated in the experimental contour
shown in Fig.8. This is caused by the distribution of
mass flow rate under each Reynolds number condition.
The velocity at the wide region is larger than that at
the narrow region. The difference between the two
kinds of velocities increases with the increase of
Reynolds number.

The heat transfer enhancement around the down-
stream ‘of the rib edges in ribbed channels with the
gap is indicated remarkably. The velocity contours at
the cross section of channels and the velocity vectors
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Re = 48700

Re = 64900

Fig.8b Experimental Nusselt number contour
(Ribbed channel 1)

around the ribbed surface are shown in Fig.13 and 14
respectively. The ribbed channel 1 (without gap) has
the high velocity in the comparatively wide region of
the channel. However, the ribbed channel 2 and 3
(with gap) have the highest velocity in the narrow re-
gion of the channel. Namely, the powerful secondary
flow from the gap exists in the ribbed channel with the
gap in addition to re-attachment flow and swirl flow.
The heat transfer enhancement around the down-
stream of the rib edges shown in Fig. 8 and 12 is attri-
buted to the secondary flow from the gap, which is



Vol.33 No.5 2005.9 Heat Transfer Characteristic of a Triangular Channel with Turbulence Promoter 463

Re = 28400

Re = 28400

Re = 48700

Re = 48700

Re = 64900
Fig.8c Experimental Nusselt number contour Fig.8d Experimental Nusselt number contour
(Ribbed channel 2) (Ribbed channel 3)
1000 T—T—TTT T N
H ® Ribbed channel 1 I
. . . O Ribbed channel 2
similar to the result of Kiml et al. (2001). The secondary & Snooth ahampel ]
flow from the gap between the narrow side-wall and 4

the ribs contributes to the enhancement of local heat

100

transfer around the trailing edge in a ribbed channel.

Nusselt number

Zhengjun et al. (1996) reported the flow structure in
the ribbed channel with the gap. It includes the -
above-mentioned secondary flows and the longitudinal

vortex flow which generates from the top surface of 10 |
. . . 1000 10000 100000
the ribs. In general, the longitudinal vortex flow some- Reynolds number
what, has contributed to the heat transfer enhan- Fig.9 Local Nusselt number around the thin region of
cement in the whole of the ribbed flow channel with channels versus Reynolds number

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



464 Heat Transfer Characteristic of a Triangular Channel with Turbulence Promoter HZARH X % —E L ¥4

: Computational domain

Fig.10 Computational domain (Ribbed channel 2) Fig.11 Analytical grid (Ribbed channel 2)
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the gap, too. lating heat transfer and friction factor are *20% and
Finally, variations of mean Nusselt number and fric- +10%, respectively. This analytical method is capable
tion factor versus Reynolds number are shown in of predicting the heat transfer and the pressure loss in
Fig.15 and 16. The accuracy of numerical analysis re- a triangular ribbed channel. We have a confidence to
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apply CFD as the tool for the design of a enhanced
cooling flow channel and to optimize the cooling struc-
ture.

CONCLUSIONS

The following conclusions were obtained through
the experimental study and prediction by CFD on the
heat transfer and pressure loss of a triangular flow
channel.

1) The secondary flow from the gap between narrow
side-wall and ribs contributes to the control of local
heat transfer around trailing edge in a ribbed chan-
nel. In particular, it enables to enhance heat transfer
under comparatively high Reynolds number condi-
tion.

2) Optimizing the length of the gap enables the enhan-
cement of the heat transfer around the trailing edge
and to prevent the large reduction of the average
heat transfer in the whole of the cooling flow pas-
sage.

3)CFD is capable of predicting the heat transfer and
the pressure loss in a ribbed channel and can be the
tool for fundamental design of a cooling channel
with ribs. o

ACKNOWLEDGEMENT ,

The authors wish to express their gratitude to Mit-
subishi Heavy Industries, Ltd. for permission to pub-
lish this paper.

References

Anzai, S. et al, 1991, “Effect of the Shape of Turbu-
lence Promoter Ribs on Heat Transfer and Pressure
Loss Characteristics” ]. of the Gas Turbine Society of
Japan, Vol. 19, No 75, pp.65-73.

Bargraff, F., 1970, “Experimental heat transfer and

pressure drop with Two-dimensional Turbulence

Promoter Applied to Two opposite Wall of Square

Tube” Augmentation of Convective Heat and Mass
Transfer, A.EBergles and RL.Webb. Eds.: pp.70-70.
ASME, New York

Braun, H. et al, 1999, “Experimental and Numerical
Investigation of Turbulent heat transfer in a Channel

 with Periodically Arranged Rib Roughness Element’,

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

Experimental Thermal and Fluid Science, Vol. 19, No
9, pp.67-76.

Ciofalo, M, and Collins, M. W, 1992, “Large-
eddySimulation of Turbulent Flow and Heat Transfer
in Plane and Rib-roughened Channels’ Int. ]. for
Numerical Methods in Fluids, Vol. 15, pp.453-489.

Han, J. C. et al, 1984, “Heat Transfer Enhancement
in Channels with Turbulence Promoter” ASME paper
84-WA/HT-72

Han, J. C. et al, 1985, “Heat Transfer Enhancement
in Channels with Turbulence Promoter” ASME ]. of
Engineering for Gas Turbine and Powers, Vol. 107,
pp.629-635.

Han, J. C. et al, 1989, “Augmented Heat Transfer in
Rectangular Channels of Narrow Aspect Ratio with Rib
Turbulators” Int. ]. of Heat and Mass Transfer, Vol. 32,
No 9, pp.1619-1630.

Hermanson, K. et al, 1989, “Prediction of Pressure
Loss and Heat Transfer in Internal Cooling Passage’
Int. J. of Heat and Mass Transfer, Vol. 32, No 9,
pp.1619-1630.

Kiml, R. et al, 2000, “Function of Ribs as Secondary
Flow Inducers Inside Trailing Edge Cooling Channel
of Gas Turbine Rotor Blade” 37™ National Heat
Transfer Kobe, Vol. ' 1,
pDp.239-240.

Kiml, R. et al, 2001, “Effects of Rib Arrangements on
Heat transfer and Flow Behavior in a in a Rectangular

Symposium of Japan,

Rib-Roughened Passage”, Journal of Heat Transfer,
Vol. 123 No. 4 pp.675-681.

Kiml, R. et al, 2001, “Effects of Gaps between
Side-Walls and 60 ° Ribs the on Heat transfer and Rib
induced Secondary Flow inside a Stationary and Rotat-
ing Cooling Channel” International Journal of Rotating
Machinery, Vol. 7 No. 6 pp.425-433.

Kiml, R. et al, 2002, “Function of Rib Height on Heat



Vol.33 No.5 2005.9

Heat Transfer Characteristic of a Triangular Channel with Turbulence Promoter 467

Transfer Performance inside a High Aspect Ratio
Channel with Inclined Ribs” 39" National Heat Trans-
fer Symposium of Japan, Sapporo, Vol. 3, pp.641-642.

Metzger, D. E. et al, 1987, “The Effect of Rib Angle
and Length on Convection Heat Transfer in
Rib-Roughened Triangular Ducts” Experimental Heat
and Mass Transfer, Vol. 1, pp.31-44.

Metzger, D. E, and Veduda, R. P, 1987, “Heat trans-
fer in Triangular Channels with Angled Roughness
Ribs on Two Walls", Experimental Heat and Mass
Transfer, Vol. 1, pp.31-44.

Shih, T. H. et al, 1995, “A New k-¢ Eddy Viscosity
Model for High Reynolds Number Turbulent Flow",
Computers Fluid, Vol. 24 No. 3 pp.227-238.

Taslim, M. E, and Spring, S. D., 1988, “Experimental
Heat transfer and Friction Factors in Turbulated Cool-

ing Passage of Different Aspect Ratios” ATIAA-88-3014.

Taslim, M. E. et al, 1994, “Experimental Heat
Transfer and Friction in Channels Roughened with
Angled, V-shaped and Discrete Ribs on Opposite
Walls" International Gas Turbine and Aeroengine
Congress and Exposition, The Hague, Netherlands Jun
13-16. v
Taslim, M. E. et al, 1997, “Experimental Study of the
effects of Bleed Holes on Heat Transfer and Pressure
Drop on  Trapezoidal Passage with Tapered
Turbulators”, Journal of Turbomachinery, Vol. 117
pp.281-289.

Zhengjun, H. et al, 1996, “Secondary Flow and It’s
Contribution to Heat Transfer Enhancement in a Blade
Cooling Passage with Discrete Ribs", ASME Paper
96-GT-313.

SOOIV OOOOOOOOOOOOOD

EEERE S v AT (2005.7.7/8) FiEH
FTHZA—E 2| gmigosmse

KELFEEBFOBREZED—DI2FE, BEVHRORSAZHRL LEEB Y Y RI T AHH Y, 2005FFICIZHE1E
LD E L7z PER, BMREESHHYOBMAMAICEKBL, ARLTHWTEE LAY, S, FTAF-E I
LT EMEETES (FEE HFHEY EEBETA], RR44%, PEHBE) PEMEELZELLE L,
OHEMIZ, FAY—Y rHEMOEEERE PO HRE, EEREZELLOT, AVWEE, F20oTiThE LT
WRHEBEICHIGLWERERZERTAILZBRLCRAITLADOTH N ET., COLDEE LV RI T LABNEDOHA
HOTELSBERICAFVZE, BPHFHELTWAEE LD, JHVERVWEHRERE)NOBREN2IEREBH
HWE ZE2PFELTBYET, CORKCRIIELIBERVALZEETTIOTENRLETET,

(Bt OBLE]
B A, B4, A~ 3EREOHME, FR Y-V UEREO—-REEE
R B $F1E M $28 MALY $H3E GRLY,

FAR PRI, BOS5E METE H6E HIWLE

& #FH O OAAR, B360R—, F 7y MRS RA
i & —& 5,000 GEHEA)
BAGE  #4EERFTTEL FAX, E-mal & TBHLAARAT SV,

WHAT RS — ¥ ¥k

TEL : 03-3365-0095 FAX @ 03-3365-0387 E-mail : gtsj@pluto.dti.ne.jp

—77—
Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



468

=F I B -t 2

Vol.33 No.5 2005.9

| Beflasmsg =

Turbocharger Technology for Personal Water Craft

MATSUYAMA Yoshimitsu*!
FUKUDA Takanori**

Abstract

MINETA Tomomi*?

FURUKAWA Hiromu*?

IHI launched the first production turbocharger for Personal Water Craft (PWC) in 2002.
A 4-cycle petrol engine was desired by the PWC market to meet emissions regulations. However,

2-cycle engines still had the advantage of max horsepower with small package design. The environment

required that a 4-cycle engine boosted by turbocharger make much more power. We have been trying to

overcome some of the challenges to realize a high—performance turbocharged engine for PWC application.

INTRODUCTION

A 2-cycle engine is usually applied for PWC due to
greater power at the same hull size compared to a
4-cycle engine. However, recent emissions regulations
for marine vehicles, for example CARB (California Air
EPA (Environmental
Protection Agency) limits approach the same levels as

Resources Board) and the

those established for automotive use.
We had to achieve the following targets to satisfy
the performance and reliability criteria for PWC use.

v lronmertal Pretection Azercy
CARB- - -Calitornia. At Resources Board

FIG.1 Characteristics of 4-cycle engine
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% 1 Design Group. Small Sized Turbocharger Division. Ishika-

wajima Mass-Produced Machinery Co., LTD.

* 2 Engineering Dept. Vehicular Turbocharger Division. Ishi-

kawajimaharima Heavy Industries CO, LTD.

% 3 Production Dept. IHI Turbo (THAILAND) Co., LTD

* 4 Fundamental Research & Engineering Group. Ishikawa-

jimaharima Inspection & Instrumentation CO., LTD.
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1) Maximum output higher than 2-cycle engine.
2) Quick engine response similar to naturally

aspirated

3) Durability of water-cooled turbine housing under

1173K gas temperature conditions.

4) Corrosion resistance of turbine housing cooling

passage and turbocharger exterior under sea
water conditions.

FIG.2 IHI RHF5WB Turbocharger
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DESIGN FEATURES

Table.l Turbocharger specifications

Model RHF5WB type
Compressor ¢52.5
Turbine $44.5

Max Turbine Speed 180000rpm

Turbine Inlet Gas Temperature 1173K

DEVELOPMENT
a. To Deliver both High Power and Quick Response —
The mixed flow turbine wheel can make high flow

and high performance at the rated power point without
losing quick response due to its low inertia design
(Minegishi, 1995). The weight of a mixed flow turbine
impeller with shaft is 20% less than a radial turbine, and
the inertial moment is reduced by 55%. Fig. 4 shows
the acceleration response based on the simulation of a
2L petrol engine with an initial speed of 20 kmr. This
result shows that the acceleration time with a mixed
flow turbine is improved by 20% over a radial turbine.

Radial Mized
Flow Flow

Turbine roto
weight ratio ]

acceleration:§
improvementf

FIG.3 Mixed Flow Turbine

radial turbine

— - — mixed-flow turbine

20%
s
a
x |
e
5 53
g. L initial speed 20km/h
a | third gear
§ full acceleration

1 1 1 1 1
0 (1] 1 2 3 4 5

time (seconds)

FIG.4 Response simulation of 2L petrol engine
(effect of mixed flow turbine)

Ball bearings contribute to quick engine response due
to less mechanical loss compared to the typical plain
bearing structure (Fig.2). In the bearing section two

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

angular type ball bearings are arranged to face each
other. Bearing inner races are inlaid on the turbine
shaft to receive radial force and thrust forces in both
directions. The outer races are inserted into the oil film
damper placed in the bearing housing (Miyashita, 1987).

Fig. 5 shows that mechanical loss with ball bearings
is reduced by about 60% compared with plain
bearings. Lastly, we applied ceramic balls to reduce
inertia moment and to achieve high durability. The
simulation result (Fig.6) carried out with the same
condition shows that the response time with ball

Plain bearing ‘_'_."' 100%

“_40%

Mechanical loss ratio

0 10 20 30 40 50 60 70

Rotor peripheral speed (m/s)

FIG.5 Mechanical loss of bearing

—-—-— ball bearing
plain bearing

initial speed 20 km/h
third gear
full acceleration

hoost pressure (kPa)
o
LA

ol i 1 1 1
4] 1 2 3 4 5

time (seconds)

FIG.6 Response simulation of 2L petrol engine
(effect of ball bearings)
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FIG.7 Compressor operation points for PWC relative to
power intention
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bearings is 9%. shorter than with plain bearings.

We optimized the operating point for PWC. Fig.7
shows the difference of the matching point for max
power and PWC use. Usually turbochargers for
marine petrol engines are matched for max power
intention. But PWC performance demands both quick
response time and max power, similar to a motorcycle.
We optimized the compressor design to reduce the
surge-line and peak efficiency.

Using the combination of a mixed flow turbine and
ball bearings, we achieved both quick response time,
an improvement of one tenth for the first term, and
high max power, the highest power in PWC.

b. Development of Water-Cooled Turbine Housing
Under the 1173K Exhaust Gas Temperature —

To prevent explosion and for user safety, water—cooled
turbine housings are commonly applied in marine
engines. However, the maximum gas temperature typical
of diesel use is 973K to 1023K, and a waste-gate is not
needed for that performance. In the case of PWC, it may

Boost Confrol by infegrated
Wasle: Gale Actualor.

Fig.8 Schematic of gas flow and water
turbine housing

flow passage in

comparison
electrode

reach 1173K, which can cause tremendous heat stress
on the wall between the gas passage and the water
passage. Also, to achieve a wide range of operating
points, we must apply a waste-gate, which makes water
passage design complicated (Fig8). Thus, we must
consider heat stress along with casting productivity.

Fig9 shows FEM stress analysis of the turbine
housing. In this analysis, the stress at the tongue point
of the exhaust gas passage is very high. Basically,
increasing wall thickness at the tongue point reduces
stress. However, performance is very sensitive to the
shape of this point. Therefore the water passage
design is optimized to minimize the stress on this
point while maintaining high performance

Additionally, the design was optimized to prevent
casting defects by considering the casting process. We
realized both durability and quality with a complex
design that has a waste gate port and water jacket.

'{'empemtﬁée distribution Stress distribution
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Turbinie housing
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Fig.10 Cathodic protection for turbine housing
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¢. Countermeasur e to Cor rosion of Turbine Housing
Water J acket against Sea Water —

Several instances of stress corrosion cracking (SCC)
have been experienced in seawater pumps and brine
circulation pumps made of the Type 2 austenitic cast
iron (Miyasaka and Ogure, 1987). This turbine housing
material is the same austenitic cast iron, but with an
effective protection method against SCC applied.

A zinc anode piece for corrosion proofing is put on
top of a bolt installed outside of the turbine housing and
goes through into the water passage. Based on our test
result Fig.10, the electric potential values at several
points inside of turbine housing were out of the critical
range of possible corrosion by using this structure.

CONCLUSION

We were able to meet the requirements for PWC
applications with a combination of new technologies.
As a top manufacturer in this area, IHI will proceed

with development  to meet higher targets of

performance and durability.
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WER, TEEE, TEIRIRAIETEEREE ), TE AN
EoWTH@wmaEhL, Todbo TEEBRIEHEER, ©
v ¥ 3 vik, GE, Progress Energy, Wood Group,
Mitsubishi D 4 HDONRER T —IZ L BB ERTH o7, B
Biiid 2 BEOHMBNTERETBRPERINLEDT,
AVFFVARART V2=V T B4 V37 PARKEN
ZLAHETH DI, TOHDZADEY HAIIOWTH
EVH o7z,

—06—
Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

3. 1®E - &5

W - BEOBM Ly Y a Vi, TEY - BE He
T, THEEL, THREIENEFEGTHL, BESECT,
71 A7 REh 1CHPhTwiz,

937 - B - FEHFRL TIE, O-ring D LB
% Finite Element Analysis (FEA) ICX hEB L&
W HENDH o7z (GT-68434), HEDOIER LDORIME/ S
A— ¥ O-ring DERICE 2 L5228 %, O-ring OB
BE—-FIZOWTRESRTW S,

T#E%) Ti3, MATLAB % MSC-Working Model 2D
Wbz vy rv=or ORELEFICET 5075
(GT-68959) D#HENHo e TV U=y ¥ M,
FBO (Fan Blade Out) ® &5 %2V F 4 AIVaRET
THRETHIENERENTVEY, ThEFHHEIX
FAEWFEA R LG RWHSFETREILAEDOZ L
Thbo :

TENFaTill, <, PO —¥ oy
VOMET—-Y2EREL, ThHDT—I 65 —¥
VRO Iy I EBREERGR 5TV L—Ya rRER
BT (GT-69124) OFENDH - 720

TRV, TR, BRFYTET V5 —Vas
Y FCRETLREHICOVTOMERENE L L SN,
FEA 2 X 2B BRIRE ONT (GT-68217), BE)RIRBHD
EERRIIEZE (GT-68560) 2 EDRRIDH - 72,

FrFs A 7iRE), Oy Ya vy Tk, 7L—FiT &
F4 A7 OREHREREOHE (GT-68128) ICHL T
WmEMNDHole ZOWREEERIZL S L, Transient
Fundamental Mistuning Model (Transient FMM) &
WHIRFa— VT EFVEHAWT, TL—FHE&
FAATEBETFME, BEVI2LV—-Yarye2ERKL,
7V —Fo—5—2HwERER (GT-68127)
LB LL A, IREBAEFESLIC—BLALEDZ
ETHb, ZnBIZd, FMM 2@ LB OME
MEIEODD oo TNHPANTE, Y257 FFE
¥ —¥ 7 L—F®3D FEA IZ X 5 IREVAITICET 5
MEFEERNED - 72 (GT-69062),



Vol.33 No.5 2005.9 ‘ 20055 5850 ASME EffH X 4 —E =35 487

10. &

e ERE

HATAMIYA Shigeo
BRITAHELY Th B Reno Hilton Hotel - Hilton Turbo EXPO O ERIISME N L WENIZTBRIY
Pavilion T1Thb 7z, BARBEOBEICSINESRO A FIllhoTETHBY, FRI¥—Eryoa—VaITEEN

HY, ToOHBIZ ASME o iR R WE 2 —F—, & L7 POWER-GEN & R EGHEIHEADOH B LD
Turbo EXPO 50/H4EDRER I —F —HFFREBE I N TVi [ A A '
SEMAHEEEEEELTBY, 2HEA®S4HBET
BARVREIN, BERIIKNMDT—-RA2HbETI120
o BESSIML 7225, ASME B#EHR10H 4D b £
B1104TH - 72,

RLIIATAY - A=H L0, FRAY—-CHHE
B BB, AVTF VR BEOL—H—H—
YR, FHl- HIEHEESTHORRVESE 2AHEANH D,
ARlD 2O BEEIC R > T, TSR
# CD-adapco, Fluent, Concepts, ANSYS & o 72 &
i - CFD ORRIZ A R— 2 BAA &  FBRYIZ PR
CBD T\, HAY —¥ ¥ A—H Tl Pratt & Whitney
PROKEBANR-ZADERE LTV FT8DOAY,
NAVERNTHER I, GE IZFIHEESL LU RIVE
N, ZEEFNANVERTH-72o HRICEBLZBRE
L Cix, Advanced Design Technology, OLYMPUS 7%
HELTW/ 72, 74227707 7 IEHEDP LD
HENERL TRHIBIEH 2o Tz, BREFICHEEL
7> Heritage Stage CTiZBRAE, BICHENT - CFDO T
LEVTF—Va YPEBEINTW RIS ORL
WHDTH o7z, ' '

BEREFREOHTIISHOBRRIBRERIIZ DS
M TR 5 7225, TNBBEEPLDOZ L TH b,

i il ; sl
Hrgian it L

1 CD-adapco ® /%33 VIR

FRasrft 20054E8 A8 H
* 1 @HLBUERT B - BB RBIEAT s ;
T319-1221 KRB AT RAPE 7 -2 -1 4 Concepts NREC D ER~

—97—
Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



48

8 BAARXEZ—E 255

Vol.33 No.5 2005.9

.
H
7
A
i
o4
%

1.

(1)

(2)

20044 5 2 2 — E > ROBI 4 EHE

HAY—EVREHERER S (ZFH11%4, 7 F3A4
—1%) &, BHREHOWHI%ZHET20044E 1 2512
DBNZBITBH A Y —E v RUBRERO & ERLZH
- HRETL, EEREREZIER L. BEHRMZ, B
FAHAZ —E 220 Tid44t, SBHF A —E ¥
34k, EAABIIIAMICARER L 720 BHARIE T RTHER
—VUrVHRDY—KF ¥ —TUrThHY, HBREEC X
L DTIER

20045 PEMA SN X 2 — € A EHETBLE
BEBUIRTFEDLTTEIIH L386H & 3kt L TR
B U7z BIIRSBITIZ/NRIAN4A,

L, KE»22&68ME%20, G5 CiRIIE0E L

ol MBHR—ZTIRATED2,000IMW 123 L

4,019MW L BI4E L T 2R KIBZBEME %o 72

CHIFEICKBRHEOWMCL LD TH S,
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2. EMAATRZ—-E>

F1 20044EHBHAEEEREUCHY kW)

X4 Size |/M  Small Unit 4% Medium Unit| K% Large Unit|] <« H 7
~735kW 736~22,064kW 22,065k W~ Total
H & a—-F | B B h |[BE| B S B B H (&% M X
Application Code | Units |Output(kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
S o— K &
N A A]\ REM BL 46 6,583 24 130,508 | 39 | 3,548,440 109 | 3,685,531
Generator Drive for Base Load
¥—ru— FREAH
Generator Drive for Peak Load FL 0 0 0 0 0 0 0 0
i
;me%%m EM 131 50,159 100 191,868 0 0] 231 242,027
Generator Drive for Emergency
5] iy H
Merchant Marine M 0 0 0 0 0 0 0 0
i % H
Military Marine MM 0 0 4 49,772 0 0 0 49,772
Fofo 7ot 2 M
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# ) H
Education XP 0 0 0 0 0 0 0 0
Ze Ei | H
Air Conditioning ACD 0 0 0 0 0 0 0 0
%. » fta MC 35 8,128 7 33,300 0 0| 42 41,428
Miscellaneous
o =
H . 212 64,870 135 405,448 | 39 | 3,548,440} 386 | 4,018,758
Total
MM 12 MCLO
Bi4 20044 FERIAEEAHEE (%) BI5 20044 HZBIMIIEE (%)
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£2 2004EBENEESEROCRY kW)
X4 Size|/pE]  Small Unit|H# Medium Unit| X% Large Unit] 4 H# #H
~735kW 736~22,064kW 22,065k W~ Total
moR & O :J—Fé‘ﬁﬂjjj B B | RE OB O H A% B B
Kind of Fuel Code | Units |Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
WALR IR A A
Liquefied Natural Gas LNG 0 0 1 6,190 0 0 1 6,190
# la\lsaﬁfalj\(ias GNG 0 0 7 40,000 24 |3,033,060| 31 | 3,073,060
A e o
wALAEMA 2
}gﬂt Liquefied Petroleum Gas LPG 6 330 0 0 0 0 6 330
# 7R
GTW 35 5,252 13 78,118 6 264,000 54 347,370
Town Gas
Gaseous | ————— —
Fuel |BlI77 ¥ b AT A2 GOG | o ol o o 5| 147,740 5| 147,740
Plant-off-gas
RRHAAEBMTIVMATHA | GNG&
Natural Gas and Plant-off-gas | GOG 0 0 0 0 2 55,220 2 99,220
T =
HAMEL /hE 41 5,582 21 124,308 | 37 | 3,500,020 99 | 3,629,910
Sub Total ; '
Vv ME1E
W | Aviation turbine fuel No1 |ATC1 | 1 lo0) 0 o) 0 0 1 100
&
PR T 66 17,185| 26 74,141 0 0} 92 91,326
+ | Kerosene
# 2 blii
. K 23 5,602 20 75,826 2 48,420 45 129,848
. ..|Gas Oil
A
Fuel |21
Heavy Oil No.1 H1 81 36,401 | 67 129,873 0 0| 148 166,274
AR /et 171 59,288 113 279,840 2 48,420 | 286 387,548
Sub Total
.%0)1@0)@5*—'} MF 0 0 1 1,300 0 0 1 1,300
Miscellaneous Fuel
PN =
H it 212 64,870 135 405,448 39 | 3,548,440| 386 | 4,018,758
Total
MF 0.3 LNG0.3
%OMJ Gaseous \;
Miscellaneous | Fuel - £ DAt
Fuel GOG 13 Miscellaneous
0.3 GNG& Fuel
GOG 0.0
Lﬁiwﬁ'ﬂl - 1
iquid Fue G F
Agg’l aseg&z uel
K6 20044E BRI ESEEE (%) K7 2004 BERIH IEE (%)
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£ 3 20044FEMIRANAEESBE BT W)

X4 Size|/NE  Small Unit|## Medium Unit| K& Large Unit] & H 5B
~735kW 736~22,064kW 22,065k W~ Total
i, BEOM h (BB W H |RE| B H (BB BB
Location Units |Output (kW) | Units {Output (kW) | Units |Output (kW) | Units |Output (kW)
it # &
Hokkaido 3 1,500 1 1,600 0 0 4 3,100
B i
Tohoku 18 5,355 3 5,200 0 0| 21 10,555
M =
73 24,596 | 48 110,559 6 264,000| 127 399,155
Kantoh
H & 53 15,177 29 123,603 0 0| 82 138,780
Chuubu
M Al
E5| ﬁ .ﬁ 15 5,069| 26 38,080 1 32,920| 42 76,069
Kinki
]
1] i 14 6,341 5 19,314 1 34,150 20 59,805
¥ | Chuugoku
]
Shikoku 4 1,293 6 10,120 0 0| 10 11,413
Domestic " m
Use 14 5,456 5 6,500 0 0 19 11,956
Kyuushuu
FL . |
Okinawa 0 0 0 0 0 0 0 0
ﬁﬂﬁi'fﬁ . 0 0 4 49,772 0 0 4 49,772
Marine Propulsion
i wh
Marine Auxiliaries 0 0 0 0 0 0 0 0
*
Unknown 18 83 0 0 0 0| 18 83
% | \NE
Py At 212 64,870 127 364,748 8 331,070 | 347 760,688
Sub Total
| x
North America 0 0 0 0 0 0 0 0
R ok
South and Central America 0 0 0 0 0 0 0 0
7.y7 0 0 5 13,000 10 | 1,488,730 15 | 1,501,730
#iy | Asia
bR 0 o 0 o 1| 141,870 1| 141,870
I Oceania ’ ’
i
/4 HH
0 0 1 1,300 5 843,420 6 844,720
For Europe
Export|[H v &
Fomer Soviet Union 0 0 0 0 5 133,960 5 133,960
R
Middle East 0 0 2 26,400 7 528,720 9 555,120
1 ' )
77. J 7 0 0 0 0 3 80,670 3 80,670
Africa
s NEE
Sub Total 0 0 8 40,700 31 | 3,217,370 39 | 3,258,070
P =
- Total At 212 | 64,870.36| 135 | 405,447.5| 39 | 3,548,440 | 386 | 4,018,758
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F 4 2004 HERBREMAI A A BR WA (kW)

£5 2004ENNTRSEEGHELUEH W)
o h K 4 kW =g W
Unit Output Units | Output (kW)
~146 54 2,368
A B 147~367 70 17,586
Small Unit 368~735 88 44,916
73k W /NEt Sub Total 212 64,870
736~4,412 103 151,768
o # 4,413~10,296 25 162,538
Medium Unit 10,297~16,180 7 91,142
736~22, 064kW 16,181~22,064 0 0
/INEF Sub Total 135 405,448
x oM™ 22,065~44,129 25 774,270
Large Unit 44,130~ 14 2,774,170
22,065k W~ /NEF Sub Total 39 3,548,440
& & Total 386 4,018,758
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X4+ Size |/’ Small Unit|#% Medium Unit| A% Large Unit| 4 H H
~T735kW 736~22,064kW 22,065k W~ Total
wOBE B OB R a-F | B8 B h [ BE| B H |AE| B Dh |[B%| B h
Driven Machinery Code | Units |Output (kW)| Units [Output (kW) | Units |Output (kW) | Units [Output (kW)
i % B G 195 56,825| 124 322,376 39 | 3,548,440 358‘ 3,927,641
Electric Generator
# & B PRR 0 0 4 49,772 0 0 4 49,772
Propeller
Ko® voF W 17 8,045 7 33,300 0 0| 24 41,345
Water Pump
o =
= Total at 212 64,870 135 405,448 39 | 3,548,440 386 | 4,018,758
PRR 1.2 W10
X8 2004FEMERENMBIEESREE (%) X9 2004EREREIEMBIL HEE (%)
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#6 2004FEREHAAAY - ARNEEEBREUHN (kW)
X4 Size| /M Small Unit | #1% Medium Unit | K& Large Unit & WM h
~T735kW 736~22,064kW 22,065k W~ Total
B a—F | BM | M oH AR BB A% W oh | AEE| B b
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) { Units | Output (kW)
~N—20—FEERM | BL 0 0 0 0 4 164,000 4 164,000
g ¥—suo—FREH | PL 0 0 0 0 0
% WM R EM| EM 0 0 0 0 0 0 0 0
Domestic/Public Use 0 0 0 0 4 164,000 4 164,000
EHNEER /7 Sub Total
~N—2u—F3%EM | BL 35 4,296 18 96,308 4 167,070 57 267,674
lﬁijﬁ ¥—ruo—FREEM | PL 0 0 0 0 0 0 0 0
% kA RE M| EM 131 50,159 | 98 185, 368 0 0| 229 235,527
A Z %) fis | MC 18 83 0 0 0 0| 18 83
Domestic/Private Use 184 54,538 116 281,676 4 167,070 | 304 503,284
EWNEKEH 7/~ & Sub Total
EW4&E Domestic Use Total 184 54,538| 116 281,676 8 331,070 308 667,284
W | N—2o—-FREEM | BL 0 0 0 0 4 117,940 4 117,940
% ¥—ru— FEER | PL 0 0 0 0 0 0 0
% Fw H R EHRH | EM 0 0 0 0 0 0 0 0
For Export/Public Use 0 0 0 0 4 117,940 4 117,940
WMHEER /A P Sub Total
B | ~N—20-FREH | BL 0 0 5 32,900| 27 3,099,430 32 3,132,330
g ¥—ru—FEEM | PL 0 0o 0 0o 0 of o0 0
% ¥ W OH %X & B | EM 0 0 2 6,500 0 0 2 6,500
For Export/Private Use 0 0 7 39,400 27 3,099,430 34 3,138,830
WMEKRAE /A F Sub Total
WM& Ft For Export Total 0 0 7 39,400| 31 3,217,370 38 3,256,770
% |[N—AE-FREA | BL 0 0 0 0 8 281,940 8 281,940
% |¥—2su—FEEH | PL 0 0 0 0 0 0 0 0
Wik s memm| M 0 0 0 0 0 0 0 0
Public Use 0 0 0 15,000 8 281,940 8 281,940
H¥H & FF Total
~R—20—-FEEH | BL 35 4,296| 23 129,208| 31 3,266,500| 89 3,400,004
B le—yo—rg@m| PL | 0 o] o o o o o 0
E k¥ HREH| EM 131 50,159 | 100 191,868 0 0| 231 242,027
z ) fis | MC 18 83 0 0 0 0| 18 83
Private Use 184 54,538 123 321,076 | 31 3,266,500 338 3,642,114
BEH & & Total
o FF Grand Total 184 54,538 | 123 321,076| 39 3,548,440 | 346 3,924,054
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2004F H X 7 —E > R BB EEHRET

BEHXZ2—E 255

3. MERATRE-E>

4. B
£ 2004FEBIGHREESB L ORAH
X o Size . B oot
EABRESMEmm) | & K No. of
Class | Outside Diameter of | No. of Units Models
Compressor Impeller

Class 1 ~ 100 3,190,771 87
Class 2 101~ 200 22,779 29
Class 3 201~ 300 498 21
Class 4 301~ 400 276 20
Class 5 401~ 500 104 15
Class 6 501~ 600 205 12
Class 7 601~ 700 225 13
Class 8 701~ 800 18 4
Class 9 801~ 900 123 11
Class 10 901~1,000 0 0
Class 11 1,000~ 0 2

& E* Total 24,229 127

R A 2 1

No. of Companies which supplied Data

KT 2005 —FKVzv b/ F—KI77v - 20I
EEAREKRUHA (kN)
EEAH AF A bERH
No. of Units 26 Thrust 2,084
%1 EELEEREKA T A b
Maximum Thrust at Sea Level Static Condition
&8 200FEF¥—FKyx 7 b/ F—FKFav s oI
EERBRUHT kW)
X 4 2£HH kW)
Size 735kW 736kW Total Output
B & BRI W AT AR H AR B B
Application |Units) Qutput |[Unitsj Output |Units| Output
&2 B AR A
Fixed Wing Aircraft 0 0 0 0 0 0
1
/\J.j—fyﬁﬁ 41 2,636 30 | 50,062 34 | 52,698
Helicopter
s E)
Aux. Drive Units 30 2,015 0 0 |30 2,015
& &
34| 4,651 |30 50,062 |64]| 54,713
Total

2 mEbLEEERNS
Normal Output at Sea Level Static Condition

%3 BRBThLIPKRI - Tho,

Every model is an exhaust turbine type supercharger.

X4

FEMEUE, EMRRENMELIOOMm 2 BT 5 ERT

The figure shows total number of superchargers over 100mm in

impeller diameter.

X5 FEREEENEIOOMmM BT 9ERT
The figure shows the total number of superchargers
over 100 mm in impeller diameter.
107
3,190,771
10°H
[] #ma%  No. of Units
108 Bl 2R No. of Models
22,779 24,229
10* [ ]
3
10 498
276
225
205
104 123 127
10% ‘] _I ’_| 1
87
29 18
2L 20 s || | i 1
10"
4
o 0,0 02
-100  -200 -300 -400 -500 -600 -700 -800 -900  -1000  1000- AFEfES
Total
FEREREBEME (mm)

Outside Diameter of Compressor Impeller

10 20044 MHEHA A B R ORI

—106—

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



497 HAHNZ 2 —E SR

Vol.33 No.5 2005.9

Fh R B ASEH  20054FEE 8 2 bl AR
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7 HI5H &M H O i EERERD T H 2 =% EL
EMEHEERTICT THHEE ST D20054F K5 2 H
RZEEBIOEM 7+ —T 2 PRBEINE L, HH
WES0d, 36ADOH 4 (FIDOGT #&aREMAE
BAIAZBERUEZEERBROH £) [CISMNIHE KR
"TL2,

FRAARIN OREO%, \AETFEME, S
BEFOXTHERTHS HAF¥—-L V- BRF—E
v KE - Ry TOREREK, OB - BREF - EELE
k& L=/, 2O LzERe o REmM) &7
sy s BRH - ARy rasNL K-k O
BEt - % BRO WML, BRMEFTOMULETIH
AL 7B BERT B O, T, M2 etc DRI
B OB R0 S E CEEX F L

b A, EBREERIZ, MEERT GEHRN) ©
y—VY U yHEMTHE UTHRELI962F10H ICB¥E 2 b
L, 19644E5H (ZAE#AAT & 0 M USSR 8UERT & 7%
DELS, BE, 12Fm'oEictBnisohy v b
TEDEEFRH3000N, ERHFZEFTRIS00 N 3£ 125
HLTwET,

FOH, BWEWeRS— Y UrEMEAILL h TEREAK
BIA Ry — ¥ ¥ OBFHMB & OREREAMBIRHZDWT
LT AEHEEITVE L NBRRKROBRLDTL

HROBERBREIFRROHER L LT, LKTHDN

ot /N

—

UEMATSU Kazuo

TIED20024E DR, 200340 HPEHEOFRICL
HEIEHEF, 29 Lz, COMEnypie LTH
AF =¥ T s ORI & RA LD OB 2 ff
Fo Zofi=— XD A2 5L BERT b b Eind
Wiz FhE L BB OB, HMREED7-DIZH
W EWERT PV EERR L19974F 6 A A 5 EEsBAth L7z TH A
Yy U HEEFA I NVEE TS v MEERM ITL B
WBF~DEB. BEZBILICHE D IGCC * TBFG %
%X GTCC, ORHRN. MRERB\A-E L2 5 &R
1t (1700C) ~DEFE OV 27 METOMERBOB)
X ETY,

FEOB, 2¥IIHPNT, IFEEICESTHAY —
Cryoks R BOELZEITITWS THRXF—E U
EHAINBETT v VEERM OTRFELZTHEIL
720 HHOFEE D TLAA, T1500C & M501G 4 A
y—¥ ) #EBEL, THFABRIWARO=ZETLHA
TR EIN AR R TR, THHERMKE), TR
¥ —¥ v, TEANEOHEANCEE S 2 EWEGTK
88 SRR B I330MW 2 U NA v R4 7 VikfE %
CREHX I Lk, TREFRUZOKROBELERHEZ &
DI ERHEICH > TRESL CHEETTHS I L7

BBIZ, TR, —REEEOH 4, IO GT %
&R, tAMAFEREAEFRE, ZROBRIZIIEAS
BLrEmoT CRLEATHEELHILELITFE I,

(ZEETH)

SEETEWRRORIET TEIERMH &R
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WIIRA R Y —C U EE Y VBRI AHE

20057 H7H, SHD2HMIZHhAEY, THIIEKY
AY—CYEHE Y YRI Y A IR T OMT 4T
BUEANFHAMEN R EEE JAXA) #ZesHEmr
kY y — TSN, MZETHEmmELy ¥ —
TOREIZ3FEERTH Y, SMABIIHEEASBE, #
HMADOIBTH o720 FEEICHRTEIMARYE T4
B o l2DEEEDOBIMEN R 12720 TH 5,

R VRIIAIZ, HAY—EVOFMLE TR,
HAE =¥ DEBEMBELFATHLBHT, EBOY
AF—¥E Y ZOMEDORER CHFERRERRED R
EHE-MTHERSN TV AREMRIC I 2 #RL
AETHY, F1EEARLTVS, 1HBICHEHK?2 57—
v & TJAXA B BT RAY—Y UHIRICHT 245
HERUMEFTHBMM AR BORES, 2 AHI#S
A7 —=<EERL7.

1HB®R, tHEEROERBRRLBZERIILIIMED
BECHIEHE, (TR —E VB (DR fEE)
DEEVMTDOI, BREMK, QFRAF—-E VLI
(RBTBREE ), JAXA B AMZHI Y Y U
OB HIKIL) 1I2oWTHBEI TNz, ZOHK,
4B NTRE L2, HRAY—E VEEOB TR &
LTREBERHENS P ETOTV 2y VoI5 EIR
RTERWTEEL L VY VERakE, NEBERLY Y
TRERECEHERBRS N R BHEL Y Y VB
(BHE) ORZE%1To7, H#RA¥ -V Y UNOBFIEi%
ELTIREBEHENE ZRTTHILEBOREEIT o7,
MR B8, BREICBWT JAXA OB
DWTREL,

AR TR, JAXA MBFEHEMNEY v & — B4
TREXVHE SN, CBEESORAE—HRAFED
B, T2 —Y U BiiRAEEMERERSOEFH
EHEREOEMICE D #IT L7 JAXA 5 5 IdkiZem

R REOMT

@A RiE

HASHIMOTO Ryosaku

REMRAEL Y —OREL ¥ —RET VY VREBE
WL 7 —DOHMEBR "t ¥ —EOENOBEN D -
720 RAFPIMRRSD B E ) ERWBBYREIZRY
KRB ET FAo 7245 BETOEIB VT VAEDT
V—VORIZF BN THoTe YU REITABMED
FIZIRERE CTHIE SN o 2 hd o 7208, KFICH
O AMR, EAlEmPHERRAAMN, By Lot

D, BWOTFEEIGULEBLFRSBETT, A
R KL S Th s,

2HBIR, AHISIEREST RS-V HED 4 57—
TOHERK, Q)F Ay — ¥ LEE T2 Gl —54t),
WHRY -V EBBETH(PERRK), GIFRF—E >
EMBITEMRAEBER), )V AT - LHETE
(BMRE) 2 Tbh iz, BRIV A Y —Y v 0BT
TR %L, BRIOBMEN D EMRDIED S OFHHEH
i, TEFECL-oTE, BYRLOWETH 5725
BEHOICERZEIT TV,

b R ORI DS A 712DV T, REAERE L RRRIC,
TH RS —E M REEUMIERERE) TRES
NI2BH & EOPEZEOTAF IZBE L, bz
B IDHRAE TN TV OBRTRY v RY
T LADEBREFEROATH 072, 512, HBEMBED
FYVHROEBERPFICHBTESLIIHRAY - D i
DM ERRShEIDEES, T2, SE>S 2 HEZ
RMEINTH BB THESRBITEN2. BSR4
WM VR ADBERVHEMICET AT V7 -+
CHHETAVz, ZOHEFHERITRE RO &8 K 0%
MOBETICRB LW E 2 TWna,

mIEIC, #E, BREORMICEELERZ SWVWTHY
7EBR DA H I REHT B E IS, BRI, R¥EAR
OBBXZOWT T 2 THW 22 ATBOE A FHifi %
ERFEREOBMRE S MICESBH LT+, BEEE)
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2. WNRELDEE
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WKHELDD
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Asian Congress on Gas Turbines 200568 M HH 5

AFEBICHBELTBY ETEHEIRA Y- V&
(IGTC) DIz ERET LI LR F LA ELERS
BOVWIVWIREIACY IV CREBESNTE T, &FD
EEORLTHZBESY — KM% (Korean Fluid
Machinery Association : KFMA) & R BIZ X Y IEH
ICEFIEATEBY £5, HA, BEH, vE»SLHO
RYBENTFEINTWDE L EDIZ, 340D Keynote
Speech, 22007+ —SA%AHELTBY, 7V7%
LT HERKNRERERE JROBL b L&)
FLTBY T, ZHOKEOERIIRFETSMN7272
EFETL)H, ELLBEVEHL EFET,

SHEE

: Asian Congress on Gas Turbines 2005
(ACGT2005)

# : 20054£11H 16 H~18H®)

RV 7 VERRKE: Hoam ER &%

S IHEAFTRY —¥ & (GTS)),

WE Y — FERIHS (KFMA)

P HAREME S, BARMZEFEHTES, ¥ —FE
Wifs, BEBMES, BEMZEFEESR,
HEHE TSR, BEZHGHERILES, HE
TAEBM B ER
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1.
%

3

A

il

2. BEPE
Keynote Speech : 3 &
iRk (RE¥MEEER, TGTS]&R)

Prof. Reza Abhari (Swiss Federal Institute of Tech-

nology Zurich)

HEREER &

fth1 4
TA—=Fh 24
“Energy Strategy of Korea, Japan, and China”
“The Role of Gas Turbines in Distributed Generation
and Possibilities for International Cooperation”

— R - R901t

3. AT a—-IEBE

11H15HWK

18 1 00~20 : 00 Reception
11H16H@K

9 1 00~17 : 30 —##HB X U Keynote Speech 1
11A17H®R

9 :00~17 : 30 —fix#iEP L F Keynote Speech 2
18 : 00~21: 00 Banquet

11A18H®)
9 :00~13:00 —#F#EEB & UF Keynote Speech 3
15:00~17: 00 REHR (VI VENVKEEFE)

%8B, FHMI0 S AREEISORIIEBBBIC
ACGT200523 Y =74 4 b (http//www.acgt2005.0rg/)
ST A (I

4. ZMER, ERkEOHFMEHE

HPEHLEHC OV TOFMERD AR T4
b http://www.acgt2005.0rg & &L 7T &V,

B, HE»LSME NS H~0BHMNER,
http://wwwsoc.nii.ac.jp/gtsj/2005/acgt2005_1.html {238
E ARV D e S
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