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solution interactive
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o) 58.5 deg 58.5 deg 58.6 deg
M 1.08 1.05 1.08
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THET/t momentum thickness expressed
as ratio of blade pitch, Transitio
point location

Interpolations of velocity distribution alon

surface coordinate Sx/So,

X2 ZRTEERRTIO RGO IROLE STASE
7B—F 4 — b 4 FORE-LOADED 3251 0% 3 & i %]
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te IXRERIE I T, Mk t/c DER, %
fifeze HE/EH S0 L & Tk, B AMKE
i TE 52, FIRYIOIH, F.REINCHEL
T, $#932% M, BHIOHH»A M BINTLE LI 1
A% KELTe-TRY, Fitk, RAMILIRE
TETWA, BIY y 7 t L AEE Cax
M, t/Cax i, Fi B0 F» F B7hc g LT
$18% k&<, MIEFIDFH, MBI HEL L
30 % KE\V, T Lk, ROl R Cax &
[f—DEICHETIUE, BEdlch OBEMEIME
BILTEREELXTDEFCRLT WA, KL
FORE-LOADED #E#| D FE# W inikit L ofge ik
& 454 & AFT-LOADED 8 1| o L) 3 & 45 A7 O B
A EfEd 3. FORE-LOADED #5013, 4.1

14

40= 60°—FIRST stacy
A6 =101°—~-MIDDLE stace

6= 65°—FIRST STAGE
146=103"--—MIDDLE STAGE

N -

MACH NUMBER M

‘—/’

0 — ———y

O 02 04 06 08 10 O 02 04 06 08 10
(3) FORE-LOADED  Sx/So  (b) AFT-LOADED

5 FEmEEESMAIROHEE

6

40x10
COMPUTED CONDITIONS

FORE-LOADED|AF T- LOADED

351 ['Mdth| 0.699 | 0700
Ba | 50° | -50°

20d [Bs_| 800" [ 654" |
—— FORE-LOACED /
o5 ~° AFT-LOADED
A = INSTABILITY /
O = TRANSITION
20

SUCTION SURFACE ~c_

MOMENTUM THICKNESS/ 8LADE PITCH  THET/t

PRESSURE
SURFACE

0 Q2 04 QOB 08 10
(a) FIRST STAGE

i - W

HICHW LIc M ROBH L B i TH D,
BERBFEO< v "B oM TRRTHENRL
HREAY, FEHAED V%Al 7c AFT-LOADED #%( D
IThEHBELTREL, MAMKILEZRLTW
%,

Z OO BKIE DTN E DFH R R % K 6 1T/
3, fEEhEELY, AR E RS S THET & 827
o FtEDOLTHD, EERIKGRR 0 DKM,
BIBK TORGRAEA T ER LT X,
THET/t DfEC X hikF B DT, ZDEERDL >
T, BIIBKROKRNEFMT 5,

i@l THET /t offivy, FORE-LOADED #
FIOFHEE, B OE S D84 T, AFT-L-
OADED B X h/N&\v, Zhid, BB&E, &
DEBIT WA LBIRIRENE SRS hTw
HTEWLLbH, BREADHANEEHEF IO
ASE Al THETs DEA TR DT, BT
S\UTid, FORE-LOADED B D A3/ X A&
BETHDHZ ENHEEIN S, PRIB D FORE--
LOADED#E T, Wit < DMEE £ T, & < B
DEHE ALV, AVWCICHEARBEERR,
LI  EEDSRAE LB DM R R TE i
DTH D,

Ko TR, BRABOBMEITEIh,
HEBE IO LERNISHLONE EE
2T, BB BERIOETE T LTV 5,

40x 10‘6
COMPUTED CONOITIONS
< FORELOADED AFT- LOADED;
= 351 | Math| 0699 | 9.705
E B[y j41.00 | 423
304 LB je2.v" | s8.0
,5 = FORE “LOADED
N —-— AFT~ LOADED
W PRESSURE
< SURFACE :
d \
N 20 | SUCTION
8 SURFACE
4 / ‘ '
=z
5 15 | \
= / \ /“d
% 104 / :\_/
=) !
z
g 05 / . Q = SEPARATION
= A =INSTABILITY
O = TRANSITION
0 .
0 Q2 4 Q6 a8 10

¢b) MICOLE STAGE

X6 BREHEAEOEEET S OMPTRER
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5. EBRHEZR

mE RITAIRC X b KRR Y OB & Bs
L, Rel HEDOKRGE, MK ET -7, KT
X, BRAHERRD ASARED Mdth OZ{bicstis L
7B = F L F —{REK E =1—(Wd/Wdth)?,
WdiH o, Wdth izt OB GHE, Ok
RLT\W%, FORE-LOADED 7Tk, &AM
TH AL 53T AFT-LOADED#E 5| O &
M—DKEZH D, HIEKE S5 ITEAM
(EAER I NI EARLTV 5,

— 7, TREERACEEY & RO T &
DIEEPBW LIS 2B O H O~ » ~ Mder
fitx, FORE-LOADED %D 523 X v & sl
~NBELTE D, Kitfttko Mdth o iz,
Mdth=0.7 T % % »', FORE-LOADED # %] #:
Mdth>0.7 D& & RIFiBIIMEL RO L &
RLTW5, ®8ic, Mdth D& bicxwt3 5% F, &
FIOBRMBESMOBE(LERL T %A,
Mdth=087 & ¥ T, 4. 1FHT/R LT\ %%

FIMREL DA & RS AR AR T & T 5,

RINASADEITG G L= 5 13 — 5% 5%
& DFEE, Bt O MdthfED B H 1o &,
X 91Z/R LT\ 5, FORE-LOADED #7312, &
AWM TH AT b nbbT, [KBELAHADE
ByE AR < 7o b, RO M, B 084,
M, BINCHB LT, X hAEFEO BIf 7 ASA
BHErRLTw5,

RS ESAMOERE - BREORT ETOH
BWEXI0ELTW5, OHIFE B, gtalEEm

o
o

DESIGN—\

| ——F

- B

RGO EA T I W fEMEE S L
TR LIETH D, MhOBiRE, Wk TRK
MR E LI RED M /R L TE D, ERITER
Bk v B BmEES b L0, EEMRE" 12X
D, ATELCEESMERL TS, KHRLE
BRI, MiEZOBEHEMORIBMEEBRITE, &5
v NBHBR BN BT A HER D SH S O
O, ML TRHF—KERrLTw5b, M\iBEHT
DML A OEGRAE & HERfED X & TeflZix, &
CEEROBECERNTSEEE2ZDND, LL,
A 1HETFRI Lo X 51z S BED RS D,
TORIEMOHE T, WABOBHEELRL, K
—HOH X, HiMECREOh T3, &E
~ v NSRBI TD, bS5 D
R, AT A REE Lickd, FHAMTO

s 14
o
L
@
>
=
=z
I
O
<
>
Mt

a 0.9867

A 0.8741

A 0.7878

DESIGN POINT---® 0.7034

| © 0.4938

T T T
O 02 04 06 08 10
Sx/So

X8 FiHEPORMERDAMFROZEL

o O
D
!
f
I
~

O
OO

o O
M B
1
'
<
‘ N
1
——

0 , - —— :
O 02 04 06 08 10 12
EXIT MACH NUMBER Mdth

PG~ v ~ BT % BITEAR

LLOSS COEFICIENT & LOSS COEFFICIENT &

X7

w 06
—
Z { ———
(WD)
W04
| DESIGN
0 }
& 02 ™ . .
3 ] W
% 0 DESIGN
S -20° -10° 0° 10° 20° 30°
e i
: 08 M, f
——omm Me
= 061 /
N
v,
3 041 DESIGN
[9)) | \e\\\s‘ v/
% 02 = £
| B DESIGN
O oY T s o T3 1 o
20° 30° 40° 50° 60° 70
INLET ANGLE ~ Bu
X 9
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- - - PRESCRIEEC VELOCITY
DISTRIBUTICN

| —— COMPUTED RESULT ON
ANALYSIS METHOD

< W_O—l /S \o\
& o8
28]
>
Z 06+
&
44
Z0
0.21
TEST DATA
0 I
S 02 04 08 08 10
DIMENSIONLESS Sx/So
SURFACE COORDINATE
Fy

At - MRRR

~~— PRESCRIBED VELQOCITY
~ DISTRIBUTION

1.2- —— COMPUTED RESULT CN
ANALYSIS METHQOO

o TEST QATA

MACH NUMBER M

5 o2 04 08 08 10
DIMENSIONLESS Sx/So
SURFACE COORDINATE

M

X 10 3 e 40 A1 o0 BRI & B E O L

RS THRA S A DIREE L B LT, &
DEKT A Z &R, BREEY OBERBHRE %)
REEBLThVEANEZ R A,

L L s, mEEEROMRA A%~y
Br|oHEE LT, BORBELE XS,
6. HLHE

BINEEFE LTTIRL, BIIXHERT DR
ELTEZ, EDOLIREEIRLET LD
LV s Bl DWBEORIHECI O A, &
haths Lk —H5plx i Lic, &
LD O DBBFELIRNELEELTH B,

WL, ThiefAvs MGt T, 28ELE

o BERBWORE LM (FEH5M) 2 ETHE

L, JUFm e, BhesRE7Ea ke 5

BHB

o BERIDFIMIR T IR % , BEAF OE M TR

fili LoD B % HAEEMTORE N i v E

BT&EL X5k % ¥ TBIETAEREYEE

(AB pir-S
WWAGITE B, BiEE, EEDRINRE BHE
L L7y, UGB OA X It DR R B
B O |z 7o, BB, BHBEEY
FOBERENGHTCE 20 0BFTHDH, &
BRI R BT 5L w5 B/, #itTF
b, —B—EHTH»S, f-oT, WMPFMERLFL

OORBLERCHEINETHA S,

BEE

(1) Bauer, F., Garabedian, P. & Korn, P,
lecture Notes in Economics and Mathemati-
cal Systems, Vol. 150, (1979)

2) A - RF, BABBERRCE, 54-46,
(FH 60-4), 1216

(3) M - =D, BABBERHRE, 18-4
29, (B557-5), 844

@) = - mFtess, 84 RREEHERR Y
vvRYY A, NAL SP-7 (BB 61-12),
7

(5) Stantitz, J. D., NACA Report No. —1115,
(1953)

(6) Schmidt, E., Trans. ASME, J. Eng. Power
102, (1980), 68

() Korn, D. G., Courant Institute of Mathema-
tical Sciences. ERDA Researth and Develop-
ment Report Coo-3077-72, (1975)

(8) Hobbs. D. E., ASME Paper 83-GT-211,
(1983)

(9) Mcnally, W. D., NASA Tech. Note. D-5681,
(1970-5)

(1) Katsanis. T., NASA Tech. Note. D-5427,
(1969)
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5.6 HEXRMEMOELEREN

1. [FL®IC

ERA A - VHLBHEOHH I, BEE
D IEFE I T2 F Ay ab Al D 7o DI FEF I HE T H
D, HEOWEMIT OBER &M% 5 % % BEREMH OB
RERY EHICHCT 2 E2EETH S,

Eol b ot =kooh L et o EHE
R TH B, FLIRDOFTETEL, OBE, @
RANS (L4 7 A XEHNS 5K, ® LES,
@ NS HEMEELD DA, FITHMTIX
RANS & iiLifi & 7 v 2 i LB itk & 8Yx
FEERDDHFEN RO THH 5,

e F s, Q0 FEXET LV BEE
B, @1 HBER=Fr, @2 HER=F1, @
REUGTIEF N, LA 2 ARG EF AT
HTX5h, FTEHW TR, O~Q DKL
DEFIMEBABELTCWDHLDEEZDNRD, BK
DEME T AN T L X b BIF ks R
DN E ROEKROAELITE T /T L D K&
HHE IR MO NLTDTHD,

GLRBMEE € 7 iy, SLIR7 T v PV E R
ETHRES 0 FERTFTAMIBIR S,

RANS/ &Lt €7 V&2 MHLCTH ER D D =K
TG R IEHEC R < B Tk IR B it
HThHDH, BT, BAKKEDT =V FY 4 —LD
FHBYRER DA 2 KD D DI ITBEEIC Y » 2
BOCBEREEBNE CIEMCENT T3 0805 0
FRMTNCIE I DA v ¥ 2 B LB ET D,
X T, BB OIS & BYnEER 5 A% =Kot
NS X2 M TRIBRCR D 5 DT EH EART]
fELBbh s, BHRTRER D OIS s RIG
- SROLOFRMERNT 2 — PR L, Bhhrk
WL A% —RICE R 2 — FOFEWRMBEH
L LTEHE 2, BMEERS TG D HEI—#
HTHoD, st BRI FEC X b, ZkICH

CPRETTH 4 B 24 BIERRZAD

W E F

R AIEESIEIDO NS HEL2MEMns & &
R H DB AR % RIRFC YT 2 7k KR
DWTW B,

HK M O BAREMAT DY R OTELIRE A B
Mt DI RER L TE I, R CTHERIN DD
CRLEEREYE WA AT O X 5 W BERE B R ORIET
3L, AT AERE TV ORENPLTH -
7o, BFED B EEMESMT Y 7 F OB T
e, GRETARFRLCERELTELR
LBMRERNERT — 2 HHHATE, FHY -
LA TEANEWS HTHES, XoT,
Patankar-Spalding® O J5tk% v 7o GENMIX H;
V2 STAN 59 & X — 2 3 — F & LicHlifie 5 /v
DISHPFRPKE 7% HD %,

FEBEEC B L BN kD X 5
bOhBH5H, OFEWEIL, QEHAM, OBENE
BY - FER (FERL, OKVv1 2 v I8
R, OtigtR, OREHL (EHH), @hlx,
ChbEBONT OHELHPIT HELIRE T L o8
DBETHHNL, TFLDIGHES >BA»DI
BHRELTREES2H5THAS,

2. ®EROHERH

T RTCEAE BT TR > BT T %
HHLELDOLBEBET 5,

0 HBREFT NV TRERAEOEBR L IAOATL L
TR T OFBIRBREH A TH 2 5L END DT
B, 0GB ET VT SRR OB
ERBEDPHITRTH - T2,

Gaugler® (2, STAN 5 # Eiig# 5o & B A EE
BORP AT oS LR E DR %
Totz, BEEIPIATERL, MAERD OF
WD EE AT % Bifg A B 30° FEEEDALE THIMME
ELCE2ATERHE L, 2—-CVEDOLS
WCHRIE / ADOH AR L FEWRELNDE HROE
B & T 5 oD BB AL Seyb DAY
L Dunham © X%, BRIEIZ v T3 Dhawan,
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Narasimha ®3® & Chen, Thyson ®X" % 16 1
WL, BRAGRFICTFHINS 2V BRIE L B
IO B ZE DO T 7 TR I s
W ERIER L7, Gaugler®iZ & ST BRI O 2
LR DEEN Y T3 5 72 1 Abu-Ghann-
am & Shaw® DR EE A EA L, ERBBHSEM:
EEBIBOBRI 1T -7, R E L TCERRELNE
FENABOEE LB HM B I gL L%
wLUTC,

Park, Simon"" /X BB M, BBIE, B HE
DH 7T VOB ZIT -7z, ®RELT
Abu-Ghannamy Shaw® @ 2B # B #h 4 4 &
Dhawan, Narasimha® O BRI, BB €57 L5,
Bt hicyr 725 rOh T, il 1 % E
DEERRERIBEBL—FK L, TEDMEM
(M) OHFTEOEZE L, Adams, Johnston™ D5
ETRAERYELIC L HENREERY 52
7oo BICHLIRE T VIR DR L ZEF T X&
THHH, EiLhodm e (2 %L E) ik
BEETFNAANOPEIE LI TR L RE
Lz, :
Camci, Arts" 3B S LT, BEEHOF
M & PG AR D BYRE AN DB RN & EBRD M
BeMia Ui, (hif #h 3R 0 2R i 1 Adams,
Johnston D F¥Ew# @A U, BYsEicxw U TR D
MENKE NI LR LT, BT, B I
LHAEZFORCIBHAANTFET 720 THiL
MEREZI| T ERE/HLI,

BEOBRY A &2 — Vv HBHEITIZE A LR
BRICY v V=~ PR TORBEAERTH D, B
LR T HESHAL, BHREROR EH L D%
BB AR AT HEETH S,

0 HRXELEEF v Tk, Lol ETH S
R AT — w2 RERE R Y HIC G 2 5 120 RS
RO B LHFHTIIREED RCFRIAAIEET, #AH
BRAED 5 BT BV Te DL FIHATH 5,

3T, 1980 AS &, A% R+
T DO WTH ST ALK Re B R % B T
XD ETNANERE I, EERMEMEERDMHTIC
RoTHLINDD L DEKRDEFT VLA HH LicH
O Uiz, BLIR € 5V O BBt 5208 19804
AT IHE S iz,

Daniels, Browne" 34" 2 & — ¥ v B DO BYLES

R -

gl L, 0,1, 2 iR E=F ALY E2ELAODHE,
Tt 7w 75 2% U TBME R DT &
BOWE AT -7, fEFRZ, 2s LTERE &
B O RE ULt o — 8k B R W
25, BB E FEEMO FRRSEE, B,
BRETAES LB LT mkD €57 HbiC
L BB DM LIRS bhisn & Lz,

Hylton 5" 12 0 F X, &= 51 & Jones-Laund-
ef' Dk - e xFNEHRERELE L, s @
BT LB TUMEATIC L BE & 7 B A0 - A&
HFEEERS G2 HAENEETHH, FHIZ, GLIK
s TR e 7 CRELIR M | OIS E & 5
N DORENEZETH %, Hylton 51Xz D %
fERL o280 SR F L OMATED 2 HRER
EFLELDGENTVD T EEHE L,

DA EDRRIsHE 2 B % 25 2 TiRRAELE € 7 v o
FFRFIEEINL TV 5, ZIRERD € FA{IC
ST 3 5 EEREE I R0 — et 2
2 iR 7 SO IR AT S h
MEMOFUORREM BRI e, I Bk
AtEEORRES 2 TR 7 LV OMITE BRI
TELREL LA TH D,

1 JiReAE 70 D BLA T B R T~ D 5 H
Bl ie, FERIIE < BRI, FlxE,
Mc Donald & Fish"™, So 5% o #f %2, Rodi,
Scheuerer"® @ BB LD 5,

2HBEALMEFT iz E L DEF L EEF AR
BORB IR TR D, BT EOFEE T A2
HT50DERNETEHETH S,

Patel, Rodi, Scheuerer® i3 {.Re $ F = H 2
BITET VDL E 2 —%1T\, B 5HFEEHEMELT
~DFHBAEETS € 57/ & L T Launder-Sharm-
a®  Chien®, Lam-Bremhorst® ® k — ¢ 5L
&, Wilcox-Rubesin @ k — o & 51" &8 E L
7z,

Consigny & Richards® 1383 o Bz 5 3k &
Jones-Launder ® k — ¢ & F/WIZ L AT & % 1t
B LT, AT D S0 CERD IS it b %
ThtA U, Sl &0 EMASER LIRS
M — XL DR R R TR, HEFEOER
BFERILNOFEL R L L DT, RBRTHHS
% BRI D BUL R 3 % E L D BT
PFrexREA S hy, TR LR B &l
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Turner® OEERE & Hilig U7z, Hylton 2T &
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BE b oBERBERT A LS HORTFO
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Summary

Detailed study on heat transfer and pressure
loss within rib-roughened cooling passages was
made, which purpose was to investigate the
effects of rib angles set to the flow direction
(90°, 60°,
using coating material with

45° and 30°). A unique technique
relatively low
melting point was applied that could make it
possible to measure the heat transfer over the

whole region concerned easily.

Some noticable results are obtained that can
be summerized as follows;

(1) In the case of rib angle 60° , overall heat
transfer considerably increases compared with
that of rib angle 90°
expense of pressure loss . On the other hand,

with some more
the case of rib angle 30° gives almost the
same level of averaged heat transfer as in the
case of 90° with less pressure loss.

(2) Comparison between two patterns of
Nusselt number distribution and oil flow on
the rib—i’oughened wall shows that high
Nusselt number appears at the region where
the reattachment of the seperate flow happe-
On the

contrary, low Nusselt number region corresp-

ns to be very close to the rib .

onds to the region where the flow seperation

covers almost entire area between two
roughness ribs.

(3) The empirical correlation by Han et al.
(1985) has turned out to predict

coefficients in the passage fairly well.

friction

(BEFN 63 4 9 H 20 HIRRZAH)
XOE Al BRRIEE TR @
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{EEFEDHE

EFRFT RS M B & —
Arizona St. Univ D. E. Metzger

1. # ©

& — v ARERE (TIT) ©LERICE-, 58
HERETES N AARSETHEHECAHTS
EDBRERLL LI BTt 5T D, Bz — ey
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ABSTRACT

A large scale by-product gas firing gas
turbine combined cycle plant was installed in
Chiba Works, Kawasaki Steel Corporation, and
was coming into operation in December 1987.
Test operation shows that the plant thermal
efficiency achieved over 46% (at LHV) and
NOx emission level kept under 20 ppm (at O,
5%). In

operation keeps

operation, the rate of
than 902, and the

cleaning of blades and condenser tubes keeps

commercial

more

the plant thermal efficiency at almost same
level as the test operation. The inspection of
combustors and gas turbine blades in May 1988
does not indicate any problem on their shapes
and cooling methods.
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1984 1985 1986 1987 - 1988
%, Year

K1 EMATAx -V

' H

ATHRE~Y 2 72 F) OBREHEMC I 55D TH
%,

1) 52 EHFABESV 2500 ¥ — K7 » v = v
VDT > vER (AABEMIRS) 1069 Fd
LD E) A, HAMZEE= v o vifernd
HEiE i, (ChE=v o VBT toddg
Mz T isu,)

3. 1988 F RIS EHE

(1) BUKBUIRTFE L D 8 Wibhn Lichy, BEEH
£ 100mm LA FOEIK OB A %\,

(2) BRHEHE 100mm 2T BEEOEEIT,
BIEEEVTH 5,

(3) BEHEAEL 100mm LLIF OBHBBO ST
WL, FOBBECELTHAOH B IR,
FEEHT 1,700,000 Bl ddD:abh, &
TRIDEGDLDNKEBE A HD B,

s *)

1 BE (1~120) TMAIKhIHF A& -V
FIRBEAY RS E Lo,

(2 HMAKRTCAZ A OEEEREI, Anessk
HHHJ11.013bar (760mmHg), BE 15T &
L7,

(3 Wi, M YR 2 - v CcRERAEN
T, 2=—RV 2o VN E2-B7 5> vz vPuT
BT FBERARATALT, x—Fv 47 b
JE =T ey vV TR R ILE B
T L,

@) A—trnEH (PS), EEH (HP) L=
7 v b (kW) L OBOBEIZTERIC X » 7o,

1 PS=0.7355kW
1 HP =0.745TkW
=1.0139PS

(5) X1~3mD 1984~ 1987 FEDFfEHZ DV TiL, &
FOT -2 I —FEEShIcLOND S,

6) BHETEROMT, WBAAKC X Y EIHIAE
o TWBLDH B 5,
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#1

GTS] 17—65 1989
= . 0 B
S 2 pre .
. ®C g3 3
& ° S &
-~ & S 4o ?_ 3
X B = R 3 W
~ 2 H 2 =
L=
x10° i x10? ]
500} IOOL 400F 400
x10° 4;&0’
458 - a0 |
423 — \
sl sof ‘
x10° 300F  300F
357 |
o 63 ]
300 60+
] 48 200k 200
200 40t
100} 100
100 20F
1
ok ol 0
1984 1985 1986 1987 1988
£, Year
[212 D s N ]‘/ﬂ“‘ﬂ‘:77\/3‘—\/‘~/\/ X 3

1988 FFH@R I AEE SR OHTT (kW)

x10?
x10°
180 174
x10?
146
82 83
63
1984 1985 1986
ES , Year

¥t

x10°
348
x10*
243
119
86
1987 1988

2—RY 7 b E—RTry S v

BX5> (Size) /NEY, Small Unit il Medium Unit K20, Large Unit & W h
0~999PS 1,000~29,999PS 30,000PS ~ Total
A & 2-F |B B B N |B &K Hoh B K Hon B OBl o #H h
Application Code Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(kW)
B
Generator Drive BL 5 2,568 29 129,863 11 1,083,920 45 1,216,351
for Base Load
v—2r7wm— FREEH
Generator Drive PL 0 0 2 4,732 1 34,510 3 39,242
for Peak Load
¥ HEAREH
Generator Drive EM 203 81,127 87 172,201 0 0 290 253,328
for Emergency .
R e A
. . MM 0 0 16 204,057 0 0 16 204,057
Military Marine
# H H
. ED 1 191 0 0 0 0 1 191
Education
& g
209 83,886 134 510,853 12 1,118,430 355 1,713,169
Total
|
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GTS] 1765 1989 2%
PL 0.8
PL 2.3
B4 1988 EHAMAEES o) 5 1988 FEHAFIHDESE o)
%2 1988 RERBL BIAEE G RLOH T (kW)
M5 (Size) | g, Small Unit | #&, Medium Unit | K&, Large Unit £ M op
0~999PS 1,000 ~29,999PS 30,000PS~ Total
7O & #H a—F |& &K| B » le ®ml W O Hn |&E B H O H |BH B H 5
Kind of Fuel Code Units | Output(kW) | Units | Output(kW) | Units | Output(kW) Units | Output(kW)
o H A
= ” GNG 4 2,118 8 40,180 5 594,980 17 637,278
¥ Natural Gas
it XR A A
LN
R Liquified Natural Gas G 0 0 0 0 2 165,560 2 165,560
3 A
® ™ 7 GTW 1 519 9 10,333 0 0 10 10,852
Town Gas
7S5V AT HA
Plant Off Gas GOG 1 430 2 29,400 0 0 3 29,830
ot
7 m o A H A
GRF 0 0 2 33,250 0 0 2 33,250
Process Gas
Gas | . . i .
=3 A
Blast Furnace Gas GBF 0 0 0 0 1 33,420 1 33,420
eous iy b A W ¥ A
Liquified Petroleum LPG 0 0 1 3,807 1 24,100 2 27,907
Gas
Fuel =
- it 6 3,067 | 22 116,970 9 818,060 | 37 938,097
Sub Total ’ ’ ! !
w® a i T 46 15,636 16 48,1056 0 0 62 63,741
Kerosene
LIRS 1
. K 19 6,328 25 216,564 2 265,860 46 488,752
” Gas Ol
B M 1 &
* Heavy Oil No. 1 Hl 138 58,856 71 129,216 0 0 209 188,072
Liq
R . ?ﬂ] CR 0 0 0 0 1 34,510 1 34,510
uid Crude Oil
A it
Fuel 203 80,820 112 393 885 3 300,370 318 775,075
Sub Total
H A WA R
Gaseous and/or Liquid Fuel 0 0 0 0 0 0 0 0
B O# R #
Solid Fuel 0 0 0 0 0 0 0 0
& af »
209 83,887 134 510,855 12 1,118,430 355 1,713,172
Total
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GTS] 17—65 1989 &
LNG 0.6 \—T 37
LPG 0.6 CR 20
_~GRF 06
—GBF 0.3
AR
Gaseous Fuel
10.4
®
Liquid Fuel
89.6
|
GRF 20
GOG 1.7
— LPG 1.6
GTW 0.6
X6 1988 FRKFIAEESG (%) X7 1988 fERRKEIFIH DEIE (%)
#3 1988 FHUKFIMA BB L OH T kW)
&2 Size | [y, Small Unit | w3, Medium Unit | *Z, Large Unit & B B
0~999PS 1,000~ 29,999PS 30,000PS~ Total
H % - A A " H 7 B ¥ H yal = ¢ H b B B H 7
Location Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(kW)
it ¥ & Hokkaido 4 1,177 3 5,149 0 0 7 6,326
H % Jt. Tohoku 29 10,562 7 9,244 0 0 36 19,806
5] 3 Kantoh 68 28,752 35 113,836 0 0 103 142,588
5]
=] # Chuubu 37 15,122 15 24,695 0 0 52 39,817
D # Kinki 20 8,359 22 42,304 0 ’ 0 42 50,663
H E Chuugoku 11 3,744 5 36,896 4 223,080 20 263,720
g L2} [ Shikoku 11 4,038 3 10,055 0 0 14 14,093
b #. M Kyuushuu 20 7,876 11 17,037 0 0 31 24,913
ome
ih #& Okinawa 3 739 4 7,061 0 0 7 7,800
. Marine
stic | #AFREH Propulsion 0 0 16 204,057 0 0 16 204,057
Marine
" ke Auxiliaries 0 0 3 3,751 0 0 3 3,751
se N
N H
Sub Total 203 80,369 124 474,085 4 223,080 331 777,534
North
i =4 x America 2 758 1 1,180 1 50,900 4 52,838
South and
i K Central America 0 0 1 \ 1,280 0 0 1 1,280
" 7 ¥ 7 Asia 2 1,400 5° 28,760 6 809,940 13 840,100
i .
A ¥ B Oceania 0 0 0 0 0 0 0 0
H
74 M Europe 2 1,360 3 5,550 0 0 5 6,910
For
v # USSR 0 0 0 0 0 0 0 0
Ex-
2l ¥ Middle East 0 0 0 0 1 34,510 1 34,510
port ,
77 9% Africa 0 0 0 0 0 0 0 0
’J\ E} 5
Sub Total 6 3,518 10 36,770 8 895,350 24 935,638
& it
Total 209 83,887 134 510,855 12 118,430 355 1,713,172
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GTS] 17—65 1989 %

4 1988 EBERBIBEM A AL EE A BX O] (kW)

B Size | \#, Small Unit | %, Medium Unit | K&, Large Unit & W B
0~999PS 1,000~ 29,999PS 30,000PS ~ Total
ﬁsifﬁﬁmz—rﬁazMﬁﬁﬁmﬁﬁﬁmﬁﬁ&tﬁﬁ
riven
Machinery Code Units | Output(kW) | Units [ Output(kW) | Units | Output(kW) | Units | Output(kW)
ki AN
Electric G 209 83,886 118 306,796 12 1,118,430 339 1,509,112
Generator
i H Il
Shaft SP 0 0 16 204,057 0 0 16 204,057
Power
& ’
209 83,886 134 510,853 12 1,118,430 355 1,713,169
Total
——SP45
G %.5
X8 1988 4 ERENBEM A BEIE (%) X9 1988 FgER B L I EIS ()

5 1988 NI HIAEGRREOHT kW)

oK 4 @S B B’ H ]

Unit Output Units | Output(kW)

0~ 199 0 0

B Small Unit 200~ 499 | 97 23,029

500~ 999 | 112 60,857

0~999PS N s 53,886
Sub Total

1,000~ 5,999 | 109 190, 266

6,000~ 13,999 1 6,230

&, Medium Unit | 14 000~ 21,999 | 21 259,857

1,000~29,999PS | 22,000~ 29,999 3 54,500
N Hi

Sub Toral 134 510,853

30,000~ 59,999 3 92,030

K24, Large Unit | 0,000~ 9 1,026,400

30,000PS ~ AN E 12 1,118,430
Sub Total

a &t 355 1,713,169

Total ’ ’
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#6 1988FRBHI A& — & VHRINAEGRIOH I (kW)

X 455 (Size) /N Small Unit i Medium Unit K#U, Large Unit & W 5

F¢% A (Generator Drives) 0~ 999 PS 1,000 ~ 29,999 PS 30,000 PS ~ Total

H &= a—-F A | & B B W B B H holE B W 7

Application Code | Units | Output(kW) { Units | Output(kW) | Units | Output(kW) | Units | Output(kW)
E]] N—2uv—~FHEEMA| BL 0 0 0 0 2 165,560 2 165,569
E1 v—z7e—~FEEBEHR| PL 0 0 1 925 0 0 1 925
r FwAzmAm| BM | 0 0| o 0| o 0| o 0

Domestic/ o Bf 0 0 1 925 2 165, 560 3 166,485

Public Use Sub Total ’ '

%‘ _N—2e—-VFEEBEH| BL 2 929 24 100,853 2 57,520 28 159,302
=] ¥—27n— FEE PL 0 0 1 3,807 0 0 1 3,807
% kW B EE M| EM 201 79,727 82 164,441 0 0 283 244,168

Domestic/ 7 Ha
. 203 80,656 107 269,101 2 57,520 312 407,277

Private Use Sub Total

= A a ]
. 203 80,656 108 270,026 4 223,080 315 573,762
Domestic Use/Total
?ﬁ R—2ve—-FREEH| BL 0 0 0 0 6 | 809,940 6 809,940
= v—2u—-FEEH| PL 0 0 0 0 1 34,510 1 34,510
Y rwmzam M| o 0] o ol o o] o 0

For Export/ 7N &

Public Use Sub Total 0 0 0 0 7 844,450 7 844,450
HH:'? N—2v—- FFEEH| BL 3 1,639 5 29,010 1 50,900 9 81,549
5| v—7e—-YREH| PL 0 0 0 0 0 0 0 0
Z Fmmrmm| EM | 2 L40 | 5 7760 | 0 o 7 9,160

For Export/ AN =t

Private Use Sub Total 5 3,039 10 36,770 1 50,900 16 90,709

Lo H = H
For Export / Total 5 3,039 10 36,770 8 895,350 23 935,159
e N—2n - FEBEH| BL 0 0 0 0 8 975,500 8 975,500
E 3 v-se—FREMA| PL 0 0 1 925 1 34,510 2 35,435
B %% B X%%HMH| EM 0 0 0 0 0 0 0 0
Publi & Z
e B B 0 0 1 925 9 | 1,010,010 | 10 | 1,010,935

Use Total
5] N—2 v — FREREBEH BL 5 2,568 29 129,863 3 108,420 37 240,851
X |v—2re—FEEH| PL 0 0 1 3,807 0 0 1 3,807
H kW B FEEHH| EM 203 81,127 87 172,201 0 0 290 253,328

‘Private & 7t

208 83,695 117 305,871 3 108,420 328 497,986

Use Total

& it
208 83,695 118 306,796 12 1,118,430 338 1,508,921
Grand Total

Note : Code Explanation B L : For Base Load P L : For Peak Load EM : For Emergency
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3. MZRAARZ—E 2T 188 X —AEV e b/ E—RT 5V
TV O VEERBROAS A (kgb)

- o ¥2
£ OE B B gt | ATAMER | 356 560"

No. of Units Thrust (kgf)
8 188FEX—FRY 47/ EX—FTry SISV %1 V2500 7 > v (104) 3&
. F 784,
BB RO (PS) ) .
‘ Exeluding 10 Units of
X 45 (Size) 0~ 999 PS 1,000 PS ~ & W oh V 2500 Fan Modules
Total 2 YET EEERAR 5 A
. Maximum Thrust at S
A& s omls 20 e wlm 2% e mlw 27 oo e
. . ) Level Static Condition
Application Units | Output(PS) | Units | Output(PS) | Units | Output(PS)
B oE B B H
Fixed Wing 0 0 59 261,075 59 261,075
Aircraft
~ Y 7 &
- Bl o | 3 | e308 | 37 | 83,08
Helicopter
4 Bh H& BH BK B
Aux. Drive Units 23 1,333 0 0 23 1,333
& 3
23 1,333 96 344,993 119 346,326
Total

*3  YRE LEETAHT

Normal Qutput at Sea Level Static Condition ( —_— 1‘700‘00())

Estimatio_n
N *6
4. ]@ﬁﬁ L—_\ A iz 5 ;?)pl%ox.
10,000 ] 3,18[];(“' :
29 1988 AR AP A B R DTSR | o IR w0
D . - HNG
© This shows total number of
X 4 & # | B R K fa el dra e
Size No. of Units | No. of Models §%7
— 3
. 0~ 100 (HEEH Estimation 61 ~ Looo) 4| F_Lo_g“
1,700,000)
i HEF Approx ? il
e ~ 200 ' 24 g
= 8,100 4
& ~ 300 1,094 18 s y 160
4t ~ 400 553 17 AT | N I | TS | 1
e ~ 500 9 10 2 6 :
(mm) 0 0 14 ] fl
Outside 600 104 /
Diameter ~ 700 141 11 24
f %
0Compre- ~ 800 0 £ il V” 14
ssor ~ 900 54 Eﬂ . o |8 1
Impeller cw UM a1 11U ?—“— 9 —
~ 1,000 0 * g
& 2t 3 Approx. w “ %
Total 10,140 168
B R B B H K A .
No. of Companies 13
Which supplied Data 1+ ﬂ - - —{ - 14— T -
; 0
x4 X Thiggz - v A TH 5, 0~100 ~200 ~300 ~400 ~500 ~600 ~700 ~800 ~900 ~1,000 Azt
Every model is an exhaust turbine type supercharger. Total
*5 Em%gé%g 100 mm %‘)ﬂ?ﬁ%ﬁ%?° OulsidEEDisfmﬁr E)Ef szmgtes?s%r Iinm;lller
This shows total number of superchargers over 100 mm in

impeller diameter. 10 1988 ﬁ;@%ﬁ%ﬁiﬁéﬁ%{&@ﬁﬁﬁ
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NhoDERBENDS 5, TAMOKEENEES 2%E5 T+
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FHERE NI 2 N2 DK EMBID B NE B A2 D RE VIRE
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BT 110, YERERL KRB stk
®, BEBR%EC, RESIFRE s, MESOBREYT
bhTEA28DTH 3,

B BOFH, ZHL »ME R, FATPICIRERE S
NEBARERFOEBRUREBE IV IRE S h 2 TAROR
FHNERE, OZRBORERE TN,

$28 (4B20R) OF#. ATHBREI N A~ BEDOTES
BREPMERITh I,

9, BOMMFEELD 2HAEEXRTALNDLHBEE
(HIBPERLEIE —~ 118 - IO - AR AR, ok
TRk RREE) 125, 28R UBIRREI O —
HPeEABRIRE -,

KOT, TAISEMEILFREREBANESIZ>V
T (BEE) O—#&E, PRRsh:, 2hid, BISE
HEHM SR T EADED HIZ oW DIRAR L Rt
LATRNZ, LBEOEEL LT, BSEHEEH ST EEE
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X202, YELBELZHEL-LDTH S,

BwT, T7YTHERFERERBELER (AASSREC)
ANDOMAIZDNTy PHRIRanz, Zhi, ERTERET
HiZbw(, BHHERAOFEED THABD SN E
G, YHEFAEAOALBEOMALREL L THRL 7~
LDTH3,

S5, BAHETREOREILLS TA¥EHIIBITA
FEMAROHEMEIZ DV T —IFERMEE D SELIZBE 3 53
BIRE (B ) AHIRans, ZoBEIE, SUIzA
STHRENEVDTOEE TS 2, & &, ZOBEZ
[FIHTHE S ICNBEEAREIIR & h, BE(RERES 0%
ffanrz (Zogis oML, BIERR),

B2HDOFHR  TAHORE) 1205w T, BHEITT
bhz (ZoAHFTROZEME, JHERm]m),

$38 (48218) Fajciy, SEIESE s QoA
MORFERNEB2D IBIHNZEAL #ILHELT, &
HANERRY, TR, BEBEZERSY, Thfhml
ENlz,

KFFICHET SFWIREDOHAEI D
WT—HREREFOSEILICAT S
R=RE- (BE) [EE]

RFEZPLE TS FEMEOM BB ORIRL, B2
BEINEHEBUIBE PN THY, COBELEBIL 1L
BOERIIIRT I L 5, LA T, BEIMELSC
AT, HIIHABTELZERL, ABOMPIEEMETH
SR - IR0 REICHERMICEENT 3 2 2L, RiEAE
EENS LI I8 5 A EDLROEFTH Y, 42
2, COHEBERATNEBETH S, .

BAZMa# T, BBH62E 4 Hio TAERICEHIT 2%
MPHDMEIZIDNT,) DEAELXRAFIRBL 720 ¥
BT BN ETE S O FEERILEDO R+
BZENTFETH B,

B, RRAMRERIEHT AVEN S ZFHAOFTT, 5
[, BRICROEELIRS &) %t 5,

KAV EOHRZERICHOT, BROAMEE 455 1T
oD, EMHELERL Coh i 38 S A5, FH
PRI RETE, RABMKRUAL KFHINE TFEI
DVTHREOMEA NI LENH Y, %O, IR
BOBFRELRZNETH 3,

ZFDHIE, EYRFORERBE LAY, HT
REBEANDIFR R R MRS & R I 15H+ 515B 2 X
328, —RFTIHEE LI OARIBHIZIO VLT, &
ERBR O L EF AR CIEHIG2E 4 B O b AT 72 %
BE (RFF) DESLIZDWT ) OARBEIEIZH VT LIEH
LT EFI st v — %, EEMIIRRIZEHL
T ZENPRETHS, AN - #HEBERIZONTY
BEFN634E 4 A D T KF52 B3 3 25 O EIERIE
FOHEIZONWT (B |, Dby, 32— 90E
B O, MEIL 7Y 3 v 2OFBO-ODOKE
Ay b= EOBEIBROTEETH 5,

gy, WAYBOERFREIES W A8 - PIRIEREO 4
T, N —BEDIHEEL T DIz, K¥%L&
AT DU RO HBEF 7212 B8+ 2 2826 OB ELFIA &
Fhadl TOMRBEOHELZHEAHIRT 2 HHEEIRS
EThd, 2O, BEOFHs 2 —FrmEl, BElT
L% LHIENRELRILEHNSH 3,
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IR B (%1448 - 08
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WTRELZV, E—3AM PR EERT 22 VAT
b3, T, Bk (@A), ABMER (#£4), Afio=
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LTOANR, HFRERE L TOAR, RUWEHNELT
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SNB3TH39H,

2. TARORE, ~0iEE
BE BE (E3H4R- &89

TAMORE) (3, #BRFOBME 23R8+ 5 & Fis 04
HOMME L 213 ¢ L, AN - AR5 ARERE 2 ~—
AL U7 MRE L TOREYBRL, £HEEFE 4 BE
LTEZABRFERSWVWELTVS, WHhY A EHERKY
HWBMALTEZZFLFTILEDLEVWTEONEY L) B
CREIT AL Th B, _

5L, ROEIALBFEERITL T RETH 3,

BHROFEES, TAMoRE, O0EM, BERY &
LT TARIORE,, B¥EE¥0EB%,

3. &BEXREDTAAILNL Y~
BE M (4888 AP

EMORIIARRFTFHTH Y, LA -> TREEEL
IV, TR L TXEOBIERY T4 7 7
A= N2y 7OERAIZED, 2 REEE LV TREI
BET 5, & ILBEORY: - HTORE - TRIBG
BWAENE TP, EHOELHI Z IS THAT
WEEIIFEOEV, ZZIIXBHEEREOBIIAER LTS
ATVUNRY =W ETIBENH S,

ARIZOWTEZE, bhbhoEid 1 HEL EFOIR

RERROBE IEGL Tw3, LA UREOCRIEIEA
BB EUEEL(RLY, AMROBIEORELZBLI TV,
CHIIXHOEEA BT LR E LRI EATIIV S
WwewiI—HThs 5,

4. TAMORS, OFRICHZHD
#0O B (FE7E428 - HEREY

BEABEICABOBIIRITE T2 5 IIVNES
ZEDHITE, BEETILERFELERT 0L IEKA
LTEPZTNELELSEVEVIZETIRAEDPS I, T
320 EDHETOFHEIT E ZIIRD -5 LD b, FLT
CAMBGAEDEE, LLE ) NEMBITBVLEHE-0
LR,
MBEDEGOBEEODTHEM A & DEWE L TARAH
WEL, ZOARIE, EAD 300 E1LETAH 5 FHEDWY &5
HELHREPITHL, LErLFHORFOLREL, &
SEIFEIIL > TRZ SN, HA2WIBMIZE - THEE
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