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ABSTRACTS
Calculations are presented the

prediction of transition in boundry layer flows

regarding

developing under the conditions characteristic
of gas turbine blades. They are obtained by
modifying a two-dimensional boundary layer
program STAN 5 to incorporate a low Reynolds
number version of the k-&¢ turbulence model
for simulating the turbulent transport which
allows calculation of laminar and transitional
zones. The empirical constants of the original
Launder-Jones k-¢& , two equation turbulence
model are optimized through computer experim-
ents with reference to the experimental flat
plate data. Then calucaltions are carried out for
gas turbine blade situation which have been
investigated experimentally. Also, the experim-
entally observed effect of flow Reynolds num-
ber on the blade heat transfer coefficient are
simulated based on the present model. Compa-
rison of the predicted results with the measured
heat transfer data showed a quite good agree-
the

~boundary layer remains in a transitional state

ment. In the pressure surface where
over the full balde length, the boundary layer
behavior is predicted satisfactorily. Moreover,
the influence of free-stream turbulence on the

predicted heat transfer coefficient is discussed.
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Abstract

In the design of turbomachinery cascades, it
is required to achieve a higher pressure rise
with a minimum total pressure loss. Thus in the
case of non-uniform flow, the distribution of
aerodynamic loading should be changed appro-
- priately along the blade span. In this investiga-
tion the spanwise loading was changed by
twisting the blades of constant profile, and the
effect of twist on the flow field and the resul-
“tant cascade performance were studied. The
‘linear cascade was modeled by the actuator disk
in an incompressible, inviscid shear flow. The
cascade performance was evaluated by the
total pressure loss and the static pressure rise.
Twisting baldes in the uniform flow showed no
merit. But in the shear flow the performance
was improved by twisting blades dependent
upon the shear strength so as to reduce the
loading in the tip region. Considering both
design and off-design conditions, it is recom-
mended to give a uniform stall margin along
the span.
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Abstract

The computational technique based on the
error-matrix method was applied to the flight
F3-30

The component rig tests were execu-

performance prediction of turbofan
engine.
ted for fan, compressor, combustor, turbines and
exhaust nozzles in order to obtain the charact-
eristics maps for the computation.

The altitude test results showed very good
coincidence with the prediction at low and
At high altitude,

discrepancy due to the Reynolds number effects

medium altitudes. some
was found, though the authors made it clear (in
the
introduction of the correction factors improves

the previously published paper) that

the accuracy of calculation significantly.
The component characteristics data of F3-30

are also shown.
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Abstract

An attempt has been made to develop an
aerodynamic design method of multistage
axial-flow compressors by streamline curvature
computing technique.

In order to improve the applicability, practic-
ability and reliability of the design method, the
computing procedure and the cascade informa-
tions have been discussed and investigated. As
a result of that, an aerodynamic design system
with a high speed computing technique has
been proposed and applied to several test
compressor’s designs.

The experimental data of every test compres-
sor have been in agreement with the aero-
dynamic design values respectively.

1. #& E

LEREMERBROZNRTRCER I h 5 &4
X, RO £ — FEBROBE LA/ TH - T,
BxORFEMHFEN LA BRTE A, I
BVEHTHL L LOCRETHELEDOTE S
SR, SHEE R ORFEUERICT BEEY T
EICBRTWAB I LR EBICEETH S,

LB OZ ROV TR S
HELOWRBTIebh T ELAR, RFEOWRE
%, EA%, GENEEYISTRELIRD I LN
HThs,

ARIL, T0 X5 Rt LI L 522
NREFHZOWTRE L, FEHEORBEE S LUE
AEDOREZRAZICLDTHS, Rt 7w r5 A
DYERTIX, WAKB I OEFHERC L 55

CFETE S5 A 10 BERZEAM)

—

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

FAE(C & B 2 BB O 2 st

X W B —

HATRERY # K E B
BAXY K & B
METEHEMAER B K A

DIHBAEYZR LU THENTFELYRAL, B5ER
By M<1) EROBEXNEE LTHRHER
ZER Lic, BIIOBEICHCRAERIEEL
LTHRRIC I DRINF - 22 8E, BR(LLd
DTHY, TORETTF — 2 DfEFELI L OSELL
Enfiizbhic, Z0 X 5flFElL, ELEh
B EEURA TR ST ATR, TOEEEY
BRETHEHVEELRELLD, fEMIOW
T, Fit 7225 A X AR HRRBORHR
EE LURBRHRE, ThEIGA L ERTOMEE
ABRLERBI N, 10 ERORNBIMLHEEL
oo BRBRETHIORER VTR LTI DM RENB S
h, BIEENOMAENTEREELORD, K
BTR, BARFOEELRS TH BB OM
Pris L OBTEREELL D OWEHEIL EwonwT
HwET D,

Stator
\ /Bl ‘ d[
9o
Guy \C
Rotor [

A I,
/ B (€]

‘03‘1’ Cr.z' Cz
Stator Woz ! Cuon
Q% Uz ——]
X5
Crat 3G
CuB
X 1(a) EEHK



GTS] 16—66 1989

Stage Nuamber

N-1 N N+l
© e ¢
de0 | |
| © 00
r { | e[ R ] s[RI SRS IRIT
M+t : K . 1

.l‘
I O

|

ZiN ZoN Z3N

R 1) FFEOHMEARER

oul
af

)

E A
R OE
E K
T vALE -
=V bRrE—
P ElEmEE
BHROBEE
RhD= 9 K
DN EE
DR EEE
RhAE
RN AE
PR S T A
BAovAa XK
DR
: BB ] D B
i $3i[o553- 14
TROMEWA
CEBDEhA
-t BRORKEA
Cp EBEZ%E

0 REA

e EAA

£ RIOENBREFEE

e EHE

G ‘It B

Nad - BIBREERHR

Tw BRZIZEELR

Ge #0

Cp : Uitk ERE S

~wmR & ORI ZTUSS NY

bl

@ v q N Y

Zin-i ZoN-1Z3t Zin Zow  ZaptH

A

B

NN - O

* &

2.
2.1
ARG TR, TEOFRCRT L5, ¥F

ITNLxQN R

Beffram XX

CBO4EYE

I EDHF AEH ! J
g ENMEE

D PRtE O HE |
)

P EERR

I BRAD

CBHARED, BEAN

CEEEO

. AR fE

L EEF RS

C AT A

: [ElER T RIS

CARERNR

CHR

CHR

P EhE D tip

T BED hub s SRR

P FFERETEORS |4 ShhokE

| B N BoEE

DERE R ‘IM CRBROBE

DRHHFDFIEEANBORIT
ZENFEHDFIR

ARG HERER Y ED, KCEORFHESR
DFFTHEXBRETHRNBOMT, BLUED
h$e KR T 5 RN OREITlebh b,

Download service for the GTSJ member of ID , via 216.73.216.213, 20251571239 —

| EAEBORE

1) ®R, EEPiER, i

2) RitHeE (Ehk, E, DEX,
AORELE)

Q) fOERELOBIHE, FRHLKMHLE

et CHRmEES)

(1) BFARBORE B, RBER,
FEBROLERS 8 L UMIRRER SV
WRE OB, FiEisl)

(2 WRBOMEYT
By EE

wim, tsz |

Blockage Area ® B#& b

FEREBE D BT EMB IR 2 R E,



GTS] 16—66 1989

EMBRToma, —BRETbhTw3X5
WEMCETFVLLT, BR=3 A1 ¥ ol
WMhBBERE, BEREAE R L OCRERE O
S TERYRBTIO TERLVEK LT T
% %, HiE OB Y BRHE L LHk%E % Blockage
Area LT 5%, BHHIEFIERIZOWTIT W, 5
N BB IZ X LT Blockage Area % R - T

mxsE, EREORFAZENRBYRIRET S,

2.2 HER

ERBERNRORh* EELHMNETI L{EE
L, Bt Oh~OFE, EREREOMEE,
THOBRFIN LM RIETEEIL L ERTD
L, EHOBUNLTRE L By RS FAE L
DL HIZ L - TR EINBHBCH - THADD
A Lig W B TR DBAFRAE D L2,
(FEBRERD

gjdr_gJT ar+ r Or
. aCz aCr
+“_a"_7—¢’72_ ....... - (1)
Cp=Cp(T,P) weerrrevemssmmsmmnreraruiininiins 2)
@h = CpdTg-++++rveeeersnneensesnnesirnnnnniiannnnn, 3)
—c, 3T _RdP
dS—C;} T 7P @)
& =T+ (5)
To T+2gJCp’ 0 +2gJCp
Cr=CmSIN A, Cz= CmCOS A +sorrrerssrsnssees 6)
P =gpRT «ooveeeerssvneemssnnnenaninians o )
P To £—1 x —1 =1
7=(7) =(+55mw) @
rr
27 S 0 Cz? Ar == CONSt ++oreeorecrrmrencecnncns (9)
141

ZDIREXQ~OZHEVT, cnlTOWTEETS
é:l) .

0 sz '
3, + A@(r)cm? = B(r) oceeeeeneneees (10-1)

rizoWTES LT (BB,

cm2=exp{— SA(r)dr} ><[ XB(r)exp

[ {Aaar far+ k] s (10-2)
K:BoER

ZZIiZ

Biffish 3
_ sin A dcm , cos A
Am_z[— e
1 1 0Q
+_2-(Z2— ar)
Ry —of L 0 (hQ) cu 9 (rcd)
YTl ar r Odr
2
Cu laQ
-5 (a5, )]
S
Q—exp(—-—C;)
rm . FAHRERDHBLE
PiZoWTEBETSE
LaP__C_uz__ d cr
o or r “ar
— ¢z %i’ B e (10-3)

em T DOWTEE IR (10-1), (10-2), ¥k
DPIZOWTEEINTA (10-3) DT hix A
HEEL, BHEBLLTERRO=VALEYE X
VCHAFRAEREO X EFMSHrs L, ¥E
b=k ¥ -y RE- TR TAZ LK
eBh, EORYAVIN L - TRt EHBDOE
X HRHBEBECERVELTL 5,

R (10-D, (10-2) DB AL, KOFRRZ =V &
NEDERFESHA(r), ARIAREDOER
FrESH cu(r), BIVEINC I Bk ¥ 1]
Gzt EDERFESHS(r) L o TH
RENTED, Thbh(r), cu(r), S(r)kiEE
T5EFBTR > EIEDNhD, Licdis TR
H&BMNA(r), cu(r), S(r) TEZBLNEHBE
wit, BRLEENTT -2 L TR TES
Tl s, —BIBESFOK10-2) DFHH &
CBVWHLRTWD X5 THBTY,

£ (10-3) DBAE, =V A2 AR IVEIIC X
Brana¥F-BARYBEERRTHIHRNLAF TR T
WO T, RRNTHHRHEHOS 2T IRED
ThHbH, AOFHELBRHEHTC L >TREDHRIZ
ETFOFEILECE Y, BENTIEDOBAIT
HANTERAR I UHEOFRIIEMT 5, L
LB EBDOELHIL, ThIT X 5> Tew, or BE
¥ 5 L5 BRRTHINERTHBR W &I
th, BEBERBKE), 07 ECREIND L5
w, BECGERATEEL S, BRoFHAOMm

Download service for the GTSJ Member of ID , via 216.73.216.213, 2025/12/14. 40 —



GTS] 16—66 1989

, =VERLESHDEZFHE L TEERBEOH
ALESAEEEL, FRKLOBRC I 4%
BERIVCRIOETHEFHCRESIF S E
X, FORIHL—FTHS,

A (10-2) D & 5 eSO HOR T, KROPIH
REBEBEECHIIErOELRHHDOT, BELET
HOBHEIEREy — v v 7ORMNECHE R
WRERCR ST LTiss, RA0-DD X 5
PHORDHEL, BADOTHBELEOFhOREY
AV TRDFBROREERDLRBDT, BEL
FEOTAZZMGCHERLRVCEHCBET
&%, Lich o CEHEREDERDI-DITIZBESy
HOROHHEFILEL LR,

LED X 5 e ORER, AR TIETEED
NS L OERBOEMCESAY BT, R

(10-DEZAVEZLE L, BHRHOBSIVHE

HODREERDBHERIRDO LB D TH S,
(BRH CRBOHER) |

A (D~ 10-3) BIVHEERR L h kOB %

B35, \

Wal = UL = Gyl wivrrrrerereesmmrmmnunnneeeneeeen. an
W1 = ol A Wal® A Cplo ceeereerreeneeneenneans 2
M = — e,

: Jg k1 RT 19

Wul
tan B1 czsec A ” 1
2
To1 = Tol + 7 (W1 = €1 ) weeereveerenens 1
=
’ K
P N "
Uz =27 72N orerereereeimiemiiininiieeeeiennnen, a
1 0P _ca_  dca_  den g
02 9rz 2 % an S P
Cpa == Cp (T2, Pg) +-vereveesmssreesssessnuennnenans 19
2
Coo e L (U ULy
Toz=Tn + 22 J( Crz ~ Ch ) @0
, ::il
PézidzP&(T—(:z) ........................ @D
To1

P62=P62id— CR(P(;I—PI) ........ ST @

=1 (U Uca \ ...
TW-gJ( Cp2 Cp ) 2

Toz = TOI + TW .................................... m

1 2 2 2
Tz—Toz—z—gm(cuz + cr2 + c22.) @9
=T
p2=p62(L,2-) .............................. 09

* Toz !

Er=C(Mi, B, or, B2,trCor,Rer) - O

£2

_ T2\ e
Poz = P = ) o8
Pz cccccccccccccc
P2 gRT: @
tan Az =2 o 60
r. T nT J
grszzc'zzrzdrz— SrlHPICzlfl r
BUNERE Ar DEIRHIBICONT 8D
p2c2rz Arz2= pi1caridn
wuz_.Uz—Cuz ------------------------------------ 62
———-——————z‘}u2 ------------------------------
tan B2 = c2sec Az @

B2= B (M1’ ,B1,0R, Or, § R, trR,CBR, Rer)

BEEADOHGH Tw=Tw(rz)

WHADSE B2= B (r)

TR=NEYV cu2=cu(rz)

BRAMBE Or=0(r2), Er= ¢ (r2)
AR~WIBHBRACORBIVHETESLH
BRHDORBETA2A~P 0 17THEORK
5 UTEBLr2, cp2, cr2, cz2, cu2, P2, P2,
Uz, Tez, Pozia, Piz, P2, Gr, Tw, Tz, T2,
wuz, B2, A2D19BTHB, Lz TREBHD
SHLELEBEEFRY—oBMT A E 2 AL
THRIEBLIh 5B,

BRUEOORBOHER)

RMD~10-3) BIVEERR L hkDOBEFRRA Y
B3,

43)

= CM2 s
tan az = cz2sec Az &
c2
Mo =~ e
2 J g k2RT2 &
_l_aPs_iu_s_Z__~ dcr3 dcr3 a9
03 drs r3 ™~ a =52

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/127114 h—



GTS] 16—66 1989

T03 == Tlgp +++veeveerreerrnnaraseesnsusiasesensnnnuanns @9
p03=p02__§5'(p02_p2) ..................... )
Cpa = Cp (T3, P3) +-vveeessmsessunsioniuennniinns a1

e ___1___ 2 2 2,
Ts=Tos 527 Com (cus +c¢r3 +cz3) @2
o (TN
P3= Pos( Tos ) )
{s= (M2, az, 05, as,ts,Ces,Res) -+ @)
— P3 ---------------------------------------
ps_gRTS (45)
tan Aa_—_-—c-'—s- ............................... . ....... (46

€23
rsT sz
SraHpsczsrsdra= Srszzczzrzdrz

BUNER Ar DEIFRI ST OWT n
P3c3r3 Ars= pac2rz Ar2
tan a3=.__.__cl‘.§_____ A N P T @&

Cz38€C A3
az= a (Mz,a2,0s, 0s, E_s,ts,CBs,Res)
......... @9

R —Xay Cu3=Cu(r3)
WHADHA as= a(rs3) 60
BAERE 0s= 0(r3), §3= & (r3)

00, CVRIHBAOKREBIDORELZAOBERD

DIRREZBET 5K ~U D11 EORE LT,

EHUT r3,cp3,6r3,C23,¢u3, 03,73,T03,Pos, as,

Es,A3,P3 D 13ETH D, LEB-TREODS

B M BAREBAR A — DB INT B & ral ki LS
Bohs, BHEEOHE, HhZEFICH Lk
TLLIRHHBABORBIZIeHIoA, R6D
BAMIRU) X DALY EETE 50, il
SRS LB LARITREV-HTE S, BE
— BRI LBEL OBELFATH S,
2.3 FnZORIT

B2 bR BT OEREHB O EMBEA 0 DR
BB, Bl, EEFXR BRI ARG GEERE) O
MR, REOHERY, BERE, HEOBILLE
C WIRETES, FT, COEEFKHE M=1) Lo
BEOHNDOREXTE»OREBEEDOE T TX
(~60xFAWTHEL, BIIORBEDTLS. K
i, MAEMOREY A E LTHEM + 1220w
C THAERDHER T 5 BIF 28R T &L FWMR D

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

BT

M RRE L U RT|DFEE & IR IR IR
RBRET B, TR - TR 1)~ 60 % fRT X
ENELNBEDITTHBE, FOEETIIMERT
CVWOTRD X S5Te HEYRVW5,
EMEARSOEN PIZEEHACEREE L,
Ar BTSN E & r + Ar TOER
P(r+ Ar)=P(r)+ AP% TAYLOREBIL T
TR EOBUNREYEMET B EK (10-3) &)

kg M OREEBEMETHE, MM+ 1T

Pv+1=Pu+ APum
2

APy = pm( C: Ar“vCr’%’%Af
aCz
—aGZAr) 62

(5587 )= tem

= cz-m+1tan AM+1 — Cz-mtan Ay

%ZmﬁﬁMrfu%ﬂéfbae

WM+ 113 rmi1 =rm+ Arm EEHEOME
2R X > THENEEDDTEERTELT S &
tan Am+ 1 IXEHEE LTHZ D ERAN
Cemtl DBEAETH D, Lo TRW(B &
UK XD LS5, KELL
Cemt1l ERALTPY + 12 RD B, —HRAWBZK
Wiz (D~ 69 (38 X UK 68 HBRV = 66~ 60)
WHEELK cem+1 TRALTPu+1 23K E S,
BRALIERC & » THEOENHFFEHEICHE 2
FTHEYRETE, czmt & FEZIHNDORED
XE5H,
DD, ¥R LitE ORI AR
CHENTRGCHERICERE LTHERZTRS5DT
INETEE . FBIEEOE bR REDOH
BB LTI 5 D TEROMBITOVWTHE

tan A,

TR LENBHOFERRT T, BLARMD

HikR 35 X OAHER O PAR I B & ho o SURH ERR
DERPNLMB X R THZ iy, Rit&kH
CHE Lcii R B oh 5, Lich- ThRk
R, BFOEER XU OHM L 7 2 FAB D
TRCEEDT, BHRTOFEREIIFFFECE



GTS] 16—66 1989

W, FTEEFRENIEIR 09 5V izK 60 TH 2 B &%
CLoTALENDD, MERBORLOEV- DI
BAREDOBETH S, HODRVOIAGOEE
EROGTREZDEHEE LT, HEBROBERND
CETHEESMELREFTACHE LIHBETDH
%, MROB % 2B0ABECLT, 1B BRB X
UHR) 40 ofERMHE (CPU% A1 &) XETFEH
BB L > TEFORNNIDA >N, ARRTHE
F L7z HITAC 5020 % %\~ iz FACOM 230 DB 4
RA~SHEETH D, 0EBOSBIEMBOS
b 1 HBEOHETKRTT 5,
3. RIDZEE
AHBORT|BEWCET A&, —KkTRIE
- BROBREREARL L, AAUBIVCETFHERD
FRCESAY BV TLORR b Xr -, BR
D F AR NACA 65 FEA, MlEHER R
JOZEMAMBEIC O WT, BHEREAR M <)
TOEREZNE E LT,
ERBETINEOERE LTI, RLEHEINL
NACA 65(Cio X 10, Aw) 10 BB DOREF — £

Biffram X

VEEELL, MoBRBORERXZRYEBETS
HEEBEA L, BEoEhxuThbFbhAaT
FRLtc, NACA 65 REH DCrotT Y MIE b
AOTERL, MRF W BALIVC-_EANER L
HADEETHB, Cro &6 LDBEGKIT

Cio = mtanT’Cibgh%o

BERTIEEROBI, SERIAR ©
F—2HBELT, <y " KORFIEECRET
EEy AN A CERRF|OMET — 5 4
BELRDBZEELE, 2hbOBERIEIK
RTEMECOWTIEMBORIHEAE E2)
BREISh, HELE S ORENBORT, +DE
B L ERAMIERINCLDOTH S, BRI
hIcBFIBRIRDEBDTHS, hAORLE
X, BROBATREL, B, B2, Be, MI T
KL, BEOHEIRELHEL, f1— ay,
Ba2— a3, Bow— aAw, M1 — M2 LT B,

1 Fit - RAEHETEHALLEEYF -2 08H
HA "oz HEk |MEvA| TR (EAR ﬁl7vnﬁ i

6orCeo | t/Csg ¢ o B o M), My (BRI UATHE)
—EMEER 91 7~40° {0.05~0.1 | 22~57 [1.0~1.5]40~60"| 0.6~0.95 12~ 13§
ML en @Ay 8 316~48°[0.05~0.1 | 15~52 [1.0~1.5{30~60"| 0.4~0.8 |#R¥-> @
NACABS%H . o e o o e
(Coox10, Alp) |Cgo :0.3~1.20.05~0.12| 10~53"{1.0~1.6{25~60 | 0.4~0.85 | ‘45¥ XA

' (U Fs)
G A2 RBREATROENBIINACAGEENOE X/ AEL -0,

k2 it - RIEPFRR D % B R FEE i
B g feq A | B [Tt i B i JE MR E
KG/S (Fhmi1&)d
7-FKT77r _ ZEMME o v
[ Iy Y T R 12~13| 2.4 ~15.6 19~23) MiLENH 0.83~0.85
SR AR
N {UFs 7R U Fe 11 7.8 10.9 |NACAB5% ] 0.90--0.92
wRL -7 (Cpox1QALD)

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.




GTS] 16—66 1989

3.1 RIDHEEE

(EXRES|7— %)
(@) ABA ires®

TWRITTEF|D reference point (EF|DFEIH%
EEHNENOERR) TR AAHHIIKROART
XD B,

tref =10+nb,

0= (Ki)sh » (Ki) - (120)10

i

) X hAl =0 DB KT HAHA

(%)

n CAMAD AR —F7 5 7 2 — (slope
factor)

(Ki)sh - NACA 65 REER A EAEL L BRI
I DB IERE ‘

(Ki) t/Cp=0.]%EELLLEEIICL
HEIERK

(o010 : NACA 65(0) 10 D tref

(Kl' )sh bi&@ﬁ_ﬁ?%‘i Bh%:;
(Ki)sh = 1.0 «+--+ NACA 65 % A0 ER

=1.1 e M% h ®E (NGTE-C
R 59
= 0.7 - —EMNER
(Ki)e DA
(K:) = 3385417 X° — 125.0 X" + 19.11458 X
X=t/CB  eeeeeeesreeeessinenenns 60
(10 )10 DT
(ioho = A3B’ + A:B° + AiB
As = —0.0035818 X* -+ 0.00082013 X
— 0.0019574
Az = 0.039062 X° — 0.035712 X + 0.022321
Al = —0.097969 X + 0.93309 X — 0.06393
B=0.1(B1)rs,
X = 0 ereeeeeeeiieieesiiien. G5
- n DFEPK '

n=AB + AB" + AB + An.
Az = 808.1904X2 — 2051.733 X + 455.1329
Az = —67.4607 XZ + 162.185 X — 69.4203
A= 0.260893X2 + 1.93725 X — 4.43364
Ao = -—0.005592X2 + 0.037896 X ~— 0.064634
B =0.001 ( B1)ref
X=0

(b) RZEF Ores®
—HITTEFID reference pointiZ B+ B REAIZ

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

B fivam 3

RATRD B,
Oref = 00+mb
do=(Ks)sh~(Ks)-(d0)o )
m = ma:1 .
0
iz
do b 8 =0 OEBTRKTS
0 ref
(Ks) :t/Cs=0.10%FK¥L1LLEEIRK
L HEERK
(Ks)n :NACA 65 RERZHEXEL LARE
W EBBERK
(do0)o :NACA 65(0) I0BBEID 0 res
m READAR —F T 5 7 £~ (slo-
pe factor)
me=1 .0 =1KETHmoOMHE
b to=1%EEEL LT IBEE
FRE

(Ks )sh BRDOMEZ VS
(Ks)sh =1.0 -eoeee NACA 65 % A0 B
=11 coeer iK% » BH (NGTE-CH
HE)
=07 e —EMARE
reference point STEDHEEDAHA I X T 5
REA O IKRATRD S,

5 = 5,,,+(i-—i,e/)( % ),,,f

(42),,: mmoxis
(Ke ) DK
(Ko ) = 1822917 X° + 1.56250 X°
+ 8020833 X

i
X=T5

( 600 DIELR
(300 = AsB + AzB" + AiB
As = 3.52992 X + 2.88449 X — 0.59898
Az = —3.76172 X" + 3.3760 X — 0.55433
A1 = 0.464688 X° + 0.57625 X + 0.49425
B =001( B1)es
X =90

b DK
b= —127930 X° + 0.401905 X~




GTS] 16—66 1989

—0.253513 X + 0.966143
X =0.01(B1)es
(mo =1)c DIEAR
(A= BR, —EAWNBIOES)
(ma =1)e=0.274543 X° — 0.109791 X°
+ 0.0756061 X + 0.249221
X =001 ( B1)res
(mo =1)es DALLIR
(NACA 65 REE DB E)
(me =1)8s = 0.175156 X° + 0.164377 X°
+ 0.00165502 X + 0.170121
X =001 ( 81)res
(42 )" 0wz
di
+A2B°+ A1 B+ Ao |
A1 = —0.012634 X* + 0.013099 X + 0.31576
As = 0.060299 X° — 0.099922 X — 1.57552
Az = —0.094593 X° + 0.196079 X + 3.03698
A1 =0.049357 X° — 0.112229 X — 2.7379
Ao=1.0
B=g¢g
X=01(81)res
© HEIBREFEE € g
BRIIOEREFBIIET L I OHBOERE
JOVEERAE, BEB JOMBREROHEX, tH
N BRER OB E%F T 5, Zhbidgeh
FRitoBRETRELHERET, ERBERs0H
fF - B TCOBRCHALIE Db BB, Lic
Do THREROTEHLEEIRES T, &
FOEEXELHDITMT Shisyv, KPR TIX
BABRAOKER, s~ BRI HFEYELRAL
 BROTBENTORESHWTRDB L E LA,
RIIOBRGERIZ, EROCRD Shic KT
BFORMEL, B kiBER L UKBEET
DREXVWThOANEETEDbL, —ELTH
FIOFHIRECp &L, “hibFEHBLEXY
KD,
reference point IZ 31 5 E DB ERE £ ref 12k
RTRDLND,

........................

........................

........................

ref
) = A4 B4 + A3z 33

........................

- point I 3517 B A Gt Alires-C ,

Beffram=C

cos? 8
cos® B w
Cpref = CpP -res + Cps + Cpa

ZZiT

Cref chref + g

Copr.rey {EFE-RTHEF| D reference point iZ
B ARG IERK

Cos BN RBRICESSHRIRE

Cpa CERRIKRREEIE O GRE

B R P AVESRAA

CL B0 BIRK

H CERX

Cop - ref = 0.01 4+ 0.025 tan—g— ............... 66

Cps = Ks Ci ....................................... 6

Ks=10.016 ~0.018
Cpa = Ka C?—l et et rteeraaiaeanaaans 69

Ka = 0.018 ~ 0.02
(A= v ~BOFE]
WA= v ~"EORFIMEC T TEEL, B
EERF— 2O RBE - BRALT, RDXSH
ELRDBZE L LI,

WA=y "BOEEYEZR LI reference
TRZEFR 0 res.c , BT
DHFIFRE Cp res-c ITRDEXTRD B,

iref-C = iref + AicC

M S06DEE Aic=0

M >06D0k%

Aic= Ai(Mi —06)?

Ai =190 NACA 65 R®
Al hE, —EHANR
Orefc= Orf+ AdcC
M S0TOLEAdc=0
M >0TDLx

......

......

()

IOEE

X (M7 — 0.7)2
Ap =138

asc=an( 0 ()

NACA 65 R®
Ml hE, —EHMRNRE

Cp ref-c = Kp - Cpp . ref + Cps + Cpa
M S0TOLEKp=1
M >0TDLE

m

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



[P

GTS) 16—66 1989

_ t N\
KD-1f+AD(1ooCB)(Aﬁ 01)]
Ap =87 - NACA 65 %%, F¥% h &
=58 -eeer :EH%E

3.2 Em@RIIOEE
EMERIIORTRE LT, —BITHRERERK

PR OIEEI R T 7n 3> reference point % .6 =

%, Lo LEMBORITRURERLE

BULT—8OBC DWW THRFH A% reference

point X DA LFES LTESZ &b LIELIEHF
bhTwb, ZDX 51ICHE A refernce point
EHLERDBE, FOASADE A, RER
DEASTIZ,

Ai* =1 — inesec
e (O _(dd N
sapme (<) (55 )., em<e

dl ref-C = dl

Aas___ 5t — 0 refCc = Ai’ (_d—df— )re/

Lttt T, BEtA B AEFIOANE ", &
AT, Tofo, WEBELAELZKATRDS
ns,

=g 4 AdCH AT e )
5*=5ref+A5C+A5* .................. e
BROBE 6r, (rIX
Or = ml_ {ﬁT—B;+A50
1— a;l +n

—Aw—Af[l—(%g)M]—cmm

'(KOr(mho+(Kahw(Kah-(5Mm}

!

€R=;31*—i*——2— ........................... T

BEOBSE, ROLEYERT S,
BY — a3z, Bz — a3, Or —> 0Os,
R — &5
EMmEoRFIRREY|ITHAHDT, R
LTk B OBERYEAT B, TOHE
BIZIAEELERTOIVNERDD, ThETK
HEYFEEOB AT OV TIIANAR X REEA
DZRLEINT — 2 2 ¥ BMNBTIECTBETS
EDHE NETREREIATVWSH, SBREM
BORTER L LTEENCHET IR S ET
RESTWEWISZEPRD, Lichis TAR
THNBHET - REWERTIZ, BREF|OFEIZ
EHBEGEEUACOWTIREBCERIND Z E
e, BAIOETIIR (A~MIZ L > TKRD7,
4. EFHEHH
RBORNIRABER X HHE - AIEHRITE2
CRT LS, FBIH ANBROBEY 8L UY
WAZER L DRI DB ADBEY LD
WTEBIhA, BR-EMMERN, A%ty
HA, NACA 65 REHMO=8E % 1 R TH
ETHWbh,
EMEEBOMhBETT 5/ RHFIIERIC
AT IOk, BELBEIThThRERL > E&E
BRALNh, BROBE, B4 ORHE&EHTD
WTREEHh, BEH oo 2 -V,
B, B5VIRHEER ESRITEGLE L TR
HHahi, BHRCOVWTLHEOEA L ABRICK

#3 EMEORE - AFRETHVW 2B O&HF (X B5), (G0) THIET2 D)

BROBRAICISILER ERBELOOFKEILINE
(X@icH i) (KRGO

HEl, NicE cu=Aﬂ+§é i
Pg3 = Const. ¥*gdBaREY n=1 Il
Tw = Tw(ry) n=1~1.4 Bi%E B=0, n>1 1
BRHEONDEEP3 % | A:EXR Rt f—E a3 =Const. I
XEFEIC—FELTD | B:EY EhiLRYE—F fg5=Const. I, 1
EZHTTwEzEE, 6s=Const.

(B) AR 1, 9-F7ry vy UREERE
' I; 7S5 VBERAUFgH ABEN - 7 EHE#E

Download service for the GTSJ Member of ID , via 216.73.216.213, 2025/12/1%. 46—



GTS] 16—66 1989

HInleh, ERFARE= v 2 A EHHORELS
HCEELREL -1, BARFORKE, T
ROEMBOFZECOVTH, RLBRTH»O%
BEMBCHE Lt &tED 52 L LT, BE
HODEEXFEMBWCEEFRL —E L T54H4
5z, BRCIALEE (=2 L CHME)
BRI T2 /5 ANTHENCEESh S HEY
BRLK,

FE I EREORBRE BRIV TH LD
HENELh, AFORNFRIEOWAY, EH
HRIOEEEYHERTH LN TERL, 22T
BHAE—-ECVEBEORIAELT, 7y v
o v RBEEBBOBECOVTHRET 5,

(7 y v=vyvRAEEEMBORT - 3IF]

MEEA7 > v v o VORERBDO—ERE L
T, BEEMERZEHABRE ORI RAIEHRY 237
rbht, BACTET L O, 2HRABRET 2 8
BREI R, DDIC12BOEMBNRTAER
n, Ao 1 BAOKER - #EREXEMLTIIR
L, EARBIOHKEDOHAA DR, W
FThIFTEOREINBOIFHOEHEZEL =
2, T TRRAEWRDOPO L - 2 1R
HC-20 &2\ Tih~ 5,

HC-20 I ARBDBEHRI T r 7T AT Lo TR

BefframSC

FhicBoZNRBRBTHD (B2), ¥4k
A RTRTEDMOABREDORM Lc 7z, IHIT
RAE7 > v=v v FJR 710/20 3 X 08 STOL #§
‘BE THEEDT > v= v v FIR T10/600 D
HEEMEBE LT, WThbZoxFoHERR
TRAShFHOMEYRELL, ,

HC-20 D2 H&ZEtTiL, = v VERELTD
BERHDEEINCENL, BE, BE&EK, A
SHER EDEED S LT, EMBOBRE, MKKE
R, FEROHFRSY, HhkRs IURB L
DWTE A DEERORTBILAAK I TRT
fEHES B L AR ZRE LA, #EHOO
BhERIFHEA—TL LA, EHBAEOH
RILx 30 - TRETEVTREE L, 10~ 12 B #
BiRh7 LERE—gE L1, BRICOWTIE,
BERHDOZEYFREMEBEWEFRL—ELTS
SR ELTHERYRETH L E LA, BR

#4 ABBOREE

B HC-20 HC =020 i %
HE HC-208K (FREOHLE)
B 4 12 13 O & fm
% E @ & B 13200rpm 13700rpn 3.8% 14
E H 12.4 15.6 OBEHK 1.26
BEZERAKE 19.0Kg/s . 23.1kg/s 21.5% 14
Mg — % @& (Tip) 336a/s 362n/s 7.7% 1%
2 o ATy AN | 0.95(HC-20) 0.95 AORRELEOD
4 0.90(HC-202) GhBRX%E2EE
A O N & 500mm ¢ 51i6un ¢ 3 %4
A O ¥ 2 K 0.6 0.55 8 % #
7o % X AOEAR AOEAH
1~48 0~4§

Download service for the GTSJ member of ID, via 216.73.216.213, 2025/42-4 ] ~—



GTS] 16—66 1989 Biffram

deg E:
o ! -
S 8 40 <
2 L
- o (. © m'{w-:
g 6% 130 B N
B N &
:‘;1‘ \ /// 5’3
g ¢ - 2052 B
RN w
W or S A/100 | ——HC-20 ; a;=Const B g
1"& 2 -——-HC"ZO& 10 Hez
= L Cu=Ar"(1GV, 1~38)
BT I a,=Const ( 4~128)
1 1 L | 1 1 1 | i 0
1 2 3 4 5 6 7 8 91011 12

01 2 3 4 5 é?éé1‘01'1llgfa
(a) HEFHELOOWMAIEER (b)) HFEOARES BELR)
X3 Z=hHEREBEEHC-20 B DHL&H

IAOERNENNACA 63 %K, 1 ~AEREENIT e nEREE®
HENE, TOMOBEINIITNTHIME IR vl BTl R emEaEEA
NACA 65 REBDELH M TR S D & LT,

R ORAEMTBERE, ZHFFTTL -
THELICEDRBERC T L, HBER, Bk
Fafl 7 & DB E A # 8 L T Blockage Area % R&
boTMiBRELE, HAXKEBITKT S 0.
‘Blockage Area Ratio Fea 7R~ 7,

2 RBE HC-20 ZFTEH A K E VWO T, R
BRRBOBNRELHE O e 0% N LLEDE
ERETIRERBSLE LD, 100% N° T |
120.2ata BEDOACDENTRBYER LIz, T0 4  ¥BE&D Blockage Area Ratio
TODIZBAOADLAL ) AXKITELLETL, £
BZbhlc 5T 1.8X10° LR &ieh, BTBRPERMA 9 | !
T2 0.9X10° BE L o fc, BRBRFERIF S &

R & O CENEAFIHECERT, BRI o
DL 2BBERL, =YV I EVWELRKT
FAd LIEBE R ERIR LT,

COERZVA I AXEETOREDLTHD
Dh, BHHECRENRFCERT LD, ot
DEFDEETHLONDOELHMLED L S !
TN ESHBREOBEE o, HHIF — = |
FERFADRERIKRD LTI 1e, m 0.99 I 1.00 : 1.01
a) FRBEACOENSMHIN6ITRT X >R AGER
F—ETHD, AV bF4 A =2 aVid FOAOE
FERFEE L OHEAHEOWTRIT S 7h -1, M6 REBEAODOEN (RHEERE)

FBA

<o

i R

Copxod
A D W RN

ozco!
E:b?fﬁﬂ%:ﬁ

W

Download service for the GTSJ Mmember of ID , via 216.73.216.213, 2025/12/14. 48 -



GTS] 16—66 1989

Bt

1.0
] 2 B &
) R SN PR v Ry, §
B 0.8 ~r ¢
= ~ | . e
ot - " o
% \QQ o~
-0 ] TERRAEELE : A Ol
. 8] % = . A
13— SR TEHRIAE  BHRT Y 2~ b e
5 gmu%—yﬁﬁ% Rz L §$§}
1f [———— R HEE \ \4.53-‘;“’
- O — EHIT VY -2
HER FHAI L.
mg 100 (Py=0.18ata)
e |
A
- ,
R 7[- (0.2ata)
H F
5 el
s ) .
r {{J{Z' 8 (0.4ata)
70 7 v s
3L 65 Vi B0 (05ara)
L 50 80 \ 1 75 (0.6ata)
1.
0 5 10 15 30
B
pEEnAR S0 /s

X5 HC-20 D4thMiE

b)) EESARIRTERTISEC, ¥EFECE
WisE L2l BIE—KTHB, “hiy, %
BREIIOENEED B B L OHRIC X 5

- REROXFEFABSREYI L O LR L,

¢) FHEOBESHINSICRT L T, WER
BIZED VA ) VABETORELSZT T2
WWREHE L b HEL, TOERBET LB I13L
ZLV, L LEBOWME LRI HEMEE
EMLEAEZRLTEY, SREFIORE M
<y F VI UTRCRIEL RS X 5 AT
ITRY S e st

) V—ORESIEROTFUE S H HEHIED
ARICE->TEZ D, EMBATOLKEEZE
EOBERIZIRVWZ EXELD LR,
AEDRERERM G, RIS E U THICEER

LA RIXMB I hish -1, Thiby, E#Et

ADENDORBTEELXERTHIEHBEE LS YD

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

BRELAE LN R AMELMET 5 L FRIZH,
Fit ERC D AN IR R0 E DRI
ZLf,

FTDORRHC20 OFHTF—22BEENLBZ
72, XD EERIF7 > v= v PV FIR
710/20 AR EEMB ORI CRBA IR A L &
eote, =V VvEEOERIL, NS5ICRENT
WA EOSIHRERRTIBT A9 —-OREHID D
BWENHRTRECFHL, REIRTELL
TAFBIRB L Te o o, BRITOV TR DR
DBFHTHNRT, BAOUVA 7 VA LS
FHETEEICESZELTE D, FhiCk 25RHE
A I h, Lo LHMERREL D 2 %R
BEL, ZHRBBOBERBROBE LABRET
BH, TOFREACO TR MTebhi, BE
EMBORAZRERIL, K9D= vy vggRIT
AT XS, 7y vHBRHD LS Lo



GTS}] 16—66 1989

909%N*

1009 N*

105%N*

s 2E% ol g s,

XMAZE%QQ ¥ L
jm‘m
b
Irn e

2201

2101

&~3
(=o'}

% £ (mm)

1901+
77777 ABY

L X 77T sp R
TIT 0B%

b

180+

7T 16

pr3273
27774
)
7T
T

o~ 1R
10 10 20 3010 20

Xe=2
20
MR L OLE/RRRADLE

(a)

3.0

HC-20 RBBEBREENEDNSH (1~4BD

X (T D'
LRSI A LA A HE A Y 2 -
MmEve L, AMBTER (N> T0%N*)
1.00} aacafau .‘ﬂﬂﬁf»ﬁ F Lsisesnise
1
H
o MEE 1 ,’
0.98} ekt b
— R
0.96}- ' -
[l
o : '
O 0,04 !
AR —x— 30%N° '
0~ 50 ﬂ
0.92 o= 170 !
-0~ 90 'ﬂ
-0~ 100 |
0.90L ~— 105 ' :
1 i
KRR 1 1 il 1 1 1
i 095 1.00 105 095 100 1.05
BOSE _HO2E
THBOLE FHLOZM
(b) HC-20 R nO2E, £ESA

X7 HC-20 REREEDOES - BEST

12

TENEAEEE; A ?

UEHERE; B Ya- N /
Rz L Ilmuz.vx
AOEERE (N 2 100N ‘

ol ——X-——-#HHE

/ x
f AOED
/I (0.2ata)
——0——RHAIEE /
8l g r
I/
/
i 7+
0 ?(/
6 / /u 4atz)

é/ /

11r

10}

._—u 40%

X8 HC-20 sERES % B O AR MU L BR BETH
HES

MLTEAZIR, FORAREBIZREF T2l
{, = v o VEERPORBAE 7R 10ITR
SNBHIOHEEFME, AATAEE DTHILHAR
B—Thotk, b, v vEBiDbOEERE

TS

T

K9 FJRT10/20 7y v=v v

M OMEETE T, EMEBADENELTIO
MBENSHABGOhic, Tibh, TOBH
LicBEB L UXTOFREB IR 6 AKDA T
7 v F DENBRKIIEMEORITEANLRT
HERIT I NI THD, ThOOEELER
LickER, EHROL&HTOMERITHIIEEGH
ERDOBHR/BOLADH D LHM IR,
ZDX S IsEBEOBICHC20 DFEF — 213,
jEEEREREERE (STOL) EBE ‘RE ©7 7 v
= v v FJR 710/600 AR EEMBEORTIC L L
DEEHFRAIN, = v VIEBIRIZK 5 Rt
IO BEEMBORTRELBED, EMEHIIEHA
CEBHLTWBIEEmL, DX 5 EEED
B BRI ORLTH - T EXHERIH
y oo :
5 &
NAl, EARCERY BV THKREC LS
DRAERBRA LR T2 7S AR ER L. &

=]

50—

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14%



GTS] 16—66 1989

(Y VBR)

R f_/_Elii:!ﬂiDF'C‘__

Biffram X

BN

O o

Kostmtrm
0J (&ioay)

) ﬁé//ijj
/\
wBAE

1.3 1.4 1.5
Py ata

O} BRAKME

1{“
N

177

BHEM

(a) EMEEADREOBR

K10 EMEEAOKREOMREENSAH

DFETTr 7T A AVCTRARMEAE LTI -

IRERIRDERLYTH S,

i) FBIH ARERBIOEES ADWThOB
ELHE A DRI &M LTRETETS D,
WAKDODBZLEHLILR LT,

) Rt7e 27 sRHERENEL OWH
¥, ERARCERTVWBZER2RL,

0) ZHABES X CENDLEHA L AER= v
SVORBERIIGTEES Y OBELRL, £
TR L,

CHIZ L > TARBRDENFRFALER L ORT A=
77 A0, EAK, EEEYHLI TS
TENTET,

SEHE .

(1) Novak, R. A, ASME Paper 66-WA/GT-3 (1
966-11)

@) BeH - FH, MEmas

(3) &kH - B - 4£H - HLE,

(1981-4) 9
(4) Herrig, L. J. & Emerry, J. C. & Erwin, J.

R., NACA RM L51G31 (1951)

(5) Lewies Flight Propulsion Lab, NACA RM
E56B03, NACA RM ES56B03a, NACA RM

TR-140 (1967-9)
2 — KR 9-4

ERBADEN
(b) EMEEAOWRBADENS T
(RRAt I EE)

E56B03b (1956-8)

(6) Dunavant, J. C., fit 34, NACA RM L55I0-
8 (1955)

() Emerry, J. C. & Dunavant, J. C., NACA RM
L57HO05 (1957)

(8) Dunavant, J. C. & Emerry, J. C., NACA RM
L58A02 (1958)

(9) M - EH - LK - H)I, BIEFHSE TR
152 (1968.3)

10 Ko - EE- w5 T, BEFHRs TR
300 (1972.10) '

(1) Howell, A. R., Proc Inst Mech Eng, Lond,'
153 (1945)

12 mistF REMBES, fiEpf®RE TR-482 (19
77-1), TR—T741 (1982-10)

(13 UF, 8 EMSIEERHRESE CGEARM. (1
971-9), HM¥E4£3E T76-657 (1973-8) 77K &
CEBERFIREY AP 4 (1975-2) T
I,

W K- &R - K8, 2%, REFER
TM-363 (1978-8), TM-506 (1983-5),TM—-
510 (1983-5)

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



Yov—F 41— HEAE1t

Yuw—F, L@ FAEX—E VRS T N & @

. EAHKE
HAR—EVOREWRLBDLEDIL, §020
+REFTE1DIEE, BHAKBAET, By
BT, AVvFFvAL LBV ER A DHRY
BEOHRE - VORFEEYHERE LI 48T,
BERIS5 ENLARIIC A A% — € v DB % B
s Lic, PERIS84EIZ 550kW O—FhA Ay A 2 — &
VEBRELTURSBCES X T, EFARE
EBAFHE LT3I0kW 252, T00kWETD 7
BREOF A2 - vEimtl, 30052
EhH LTS, FO/M,
o X—EVEDT Ty 2T L HHEHIEDOHR
cEmEAKa v vy HOFENRIE KD
o K h m Y —H ARBHERIRORRLE(LDOHE
cEDNMHEZ AR VBT OAF v T 4 VIZBHIED
w3
o B — ¥V AN E—BIREEEEC KT 55
Bz B9 5 HF5e
LEEBMATE R, 22T, ZORMIDEE
DIy 7 ARENT D,
2. —EMRXHXE—ECORREHRE
W4, HEKR Y FHOME A E TEELIHES,
F T 4 —ENEBIC X AR TIY, BEY R PIR
BRSSO ATHBEYE LS L 51> TH,
THI, FEBCRT HEREEOR LOHRFETE
DEZINENEREIRTWAD, ThEH AL~
EvicBEEHRx L, EEEYRRT AL
RBE0 DT, BETEBI V2 ER L
LEGEEOHEREL, EHTIT#MRLTHIL
CIh 5 FRRBERZILDIEEDAY v PB4
L3, COAKER LTHEREZEREL, M1
D> >RV IREBO_BAN A% - Vv EHE
R 63 TSR Lic, EARNCIZ 900kW O —iliX
HAR—EVIZART — 2 —EviftinT sREY

CERTE 7 B 20 BRWXAD)

otoit, <7 —&—€ vHlOHEORBLLE
HHREEL Lo, 2 v Z7RARTIL, EHOD
WOYD L7 RRELT, TOEBNDEDERL
o, Efe, EBC ARV FEMEbEILT7 4 —
LEF AT, HEE D DFBEE D,
3. 539 7ADBERAAR
HAE—-EVOBRBMCET I v 2 AREH
TrEpmiEL g, TITOLER EHHER
DERIC L h BEEYED, #AZ—EVORK
DRERBHETHZENTES, '
€51y 7 ADREMEHLT DT & LHE
HEOYHRELXETTHZ L EME LT, AT
360 H A2 —E Y (310kW) OEEREL—¥ vV
JANERE—EVTV—FEEF Iy 7 ALT
AR ERPTH D, THITH, RFESETS A
FLRZ - LONEIIY, BB —-FT 4 V%
BLTWS, HRABOFEEYN 2 1RT,

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



GTS] 16—66 1989

EBRERICETLD, F—C v/ ANE R -y
TV—- FOBEBARYER LI, KRE 1,200
CORBEFALDEBY A 2 4% DR, FE
DE LI OCTIEL, GBI & 5 EEE
AP RERC L A ERYRotz, T, 23—
FAE VTR MC X BT\, EiEm
fxfcr—Ev 7L —FZELTE, #r 75
74 WX X HEERBEDOHB AT, 22— v
v, BBt E{ v -3 v F EDRIBIz>
WTRRET L, ‘

ThoDOREEY S L LT, BEESEE T
BHYH, =V ) A kx5 3,2 AL
"TiT 1,000 CTOEEIZEIILT VS, ¥ 752
FEOMBEF = v 2 LISHALBRERICZES 3 4
7 AR ED, BREOTIIETIT%1,100CE T5
DEHELTWB,

4 €739 THXR—ELOHRER

Frrr¥— . EERNRAAREE (NED-
O) WoOFFEXZT F Iy I H AL —-E VD
PrFebAze] #BA 63 4E 10 Ao HBAMS Lic, M5
FULRESY - TEEMBREOL~-V S 4 +HiEDO—
RTHD, BER, "RAEXV—22 -V}
DEEBHE €T I v 7R (LTHZEIRE D, #&
Y LRBLULECEDL xR E LT
5, BEHBERT B DI, 300kWOTREXRER
BETEMASTRAZ-E v THD, HRAERL—2%
=Y RZFUTNAT7r—-RKL L, BEXBTHR

e T,
= N
— d \
l =
d e
I\ S __L‘ -
: ; - 1
2 ‘ s
i ! L
=, U
\f %

X3 300KkWHEACEHRtS I v 7 AR K-y

Download service for the GTSJ member of ID , via 216.73.216.213; 2025/12/14.

BEREL LD

BV VOB 2EE T AREYRS (K

3. ,
BSRITER L, BHERIEHBITEEDD
2, B, #RHET- T 5, K3 ICEHE
BHTETH LS I v 272 —-Eve—2DIEN
SR LR, BOLICRRIGINIEE LT
5, TRODERYL LI LTHSHREYERL
TeFBTFRLIT o T 5B,

PR 2EBTIIAZ LT AL - VvEBEL,
TV, FY -V, MBS BRISH
DIBBERHETTH L & DI RIBHDOBEYHED
T5, £, BIERH, FRAExLV—22~-¢
v, N7 =2—vVEiERET Iy 2 A{LL, &
REiz, TiT 1,350 CHERT BFETH S,

HEYZER T 5D, WL OrhOEFE
Bob52, BEEOEHERXBTRE LR
J/ZOWT, V7R MT X HEBHTFEY IR
THLIATHD, BTHBICB LT, FOHK
THRHREYEDHIDAO X 7 P B L UHR & 7
FOEROBRBL, v —ABENSDOH ARHED
R, BEEOBEERER &+ /HeEE &
LTWwb, — ORI LTI, RERAD
EEH 900 CIZ 8\ TE NOARBE A EB T2 8
BDHb, ¥3ialv—va VHEEERY RN
HEI DL LB, DM RBROHTEL S
Fishih, ZORBLLREFCHALTHL DD
TH 5, ‘

\ CGTIBB RADIAL TURBIME ROTOR ANALYSIS ( 45 SE¢ )
;11 F:5

DCASE:
¢ E £F:GLOBAL
X PRIR MIN:-3.10E+D0 MAX: 3.63C+0t

LOADCA
FRArE 0
STRESS -

-5.08E +08

LS:6 OELTA: V.Ut~

K4 €53y 22-Ev7v— FOEHENE



NET
) nmi

1989 ASME TURBO EXPO-LAND, SEA & AIR.
The 34 th ASME International Gas Turbine and
Aeroengine Congress and Exposition June 5 - 8
1989 (C&MML T,

. £ &

ASME @ Gas Turbine Division 231 Y7 D 28\ »
#M&% & L T International Gas Turbine Institute iz
KEX L THhLEROEEIELLTETW 5,
ETE—CHEEE L, Th* T Gas Turbine
Conference and Exhibit T® - 7z ® % Congress
and Exposition & L, FWZFEEE LT 1989ASME
TURBO EXPO-LAND, SEA & AIR & Be#g 22T
DHAZ—E¥ 2B bHH S TURBO EXPO (% —
FHELR) LR, EROEHEFPLOEES
FErb, 2 -FEEBELSL LTHERESLBELH
ML r@ieh, B oMBEHBRARLAT
FFEIh TS, ThiEHTHhh b 1989
ASME COGEN-TURBO I 3, 3rd International
Symposium & Exposition on Turbomachinary,
Combined-cycle Technologies and Cogeneration
THIDEXFULRFT -1 H DT, ¥AZ -V
DHLPEHERRTEOFESZEHRL, H R
E—EVEMOFLERLASETHEEERZRLEL
bDEEXLND,

LIS EDORERRIBIZBOFETIIC1LD
RENEYVaVvhidh, EREEIT 216 i
oTED, FECKEL LTV B,

Congress (%K) OHEPLHELKRTAS
L,y v s VBRI (A ey v g vIES
L) THH, ARRIZ— 44ty > 3 v (R F
Nty vgyv), 2—F—FEN 0y Vg Vv

(AREx TRy > g V) EFRAEZ—EVOFEH
L FAEROMIMCE CLE B MEE Y
hEFlce > a VHAHEIMLTW5, Bz

(CEBTET B 21 BERSM)

Download service for the GTSJ- member of ID , via 216.73.216.213, 2025/12/14.

BAI¥XY #2 K IE B

FRTR—l ey va v La—+F—F156
XyvaV, ¥FIVvIATIEI—HlEyva v
R l=——FHd vy vav, AGK, A,
FE, Iv=X, HHREE, #H, BERELRER
2—F—FHEDARATHYH, BRE, RT3
Y a VIOOTHB, —HE - FERITNT—#
FivyvaviitoTihb,

TIWIZHWZDL DX Panel £y~ 3 v 11 ® »
YavddHBIELTHD, FxNtyva VTR
TRTCOERFELHRTH D HRIMIE L% R
TE5LDDRTHSB, DE Dty vz VITEEHE
BROTBROBTHHBMTHZ LTI HAATD
BonBEBRIBONDHEHT Ei-T 5B,

D5 —ORBILZ S x A UNDE Y v
VTHHIRIS L O OBEBRDOLDH L 48 &
(13%) H-7cZ LT, HICMEBERTIZRGRSY
BAIHEDOMW 238 (56%) WREREDOHRTH»
f. THIBHFOBRMEROKHEERL LS &
THEREDT7 AV ZOBREBFRID LD EED
ey, EMORBTH X LLLVWERTH S,

LELL L TRXRCFRBERZRET B D
HNREZVLTHLENRDD, §EIBMENLE
CREBROBHELYBVSHERCREEZLTCEV TV
2, ThOLTREFHFERIRETHBIBD D,
IRLLIRADIEL EdotEk .y v g VICIREEN
—ABHELTRI 2R LEE L TEL. X
HENT—BDE v v a3 VTHOHEERDOADH
DEONWTREBEBMUTHELTEL., &
P 23FETA4HBTYH vy v VHEEINS
DTHEh b, HYUERCTHIG Lt kT H
HaBhriH\,



GTS] 16—66 1989

BRI OWTEUA TFMLBELHHDT

R

H

e rsacdsey v a vE, #XE%E

LI TRAEDSHED BN ERRBRD RIERLE,
$HREE LI,
PaS + E’
% M . Tz 3 | %
3 # B | B | B | 5| B x| %
B ] 1 6 4 2 28 9 19
" 1 1 4 0 4 13 9 4
£ 7 I v 7 A 2 2 5 1 4 17 14 3
=) ® 2 0 2 9 9 0
7B OB, B B 1 6 3 3 27 24 3
Ho@ Zz M 11 1 3 0 3 9 9 0
# =4 1 2 1 1 4 3 1
RBE, 2 vz %X 1 1 6 0 6 22 22 0
Zh = # 9 9 0| 33 33 0
" | & | | @
B ¥, 2 Yz F 1 1 5 0 5 16 15 1
% 1 1 1l 1] o
B & = 1 1 7 0 7 30 17 13
5] #a 4 0 4 14 13 1
AT S A S G 4 0 4 11 10 1
1 & 4 0 4 20 20 0
x - K B WK 7 7 0 37 37 0
" 5 5 0 24 23 1
" 3 3 0 13 13 0
" 5 5 0 24 24 0
" 4 4 0 21 21 0
BHig, N & — RER 2 1 1 8 7 1
7 H 11 7 94 44 50| 380 332 48
55 —

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



GTS] 16—66 1989

R H

?1“5‘

2. MZRHARZ—E

1. £ %

1989 ASME TURBO EXPO. Tix, 6 H5 H
Ahb8HRND 4 B, £28THULy v 3 VD
h, TO5LHEREZRSOLE LIy ¥ a v
i3, 220X NVHBEERD T DT, RN
HHEBR 9ty v a VORRIILTHT, £FOR
FizkE3S, EES5, »rx2, BE, faM, +
Sv, hE, HE X4 1#ETH-T. X, 4T
HOREKED S L, 23HXR——-LTHY, £
DRI AEEMBCERFROABTDOLDOTH -
oo TROHEDOWTREERVEEREEE LYW
LI RTWIR, ThIRRCEL - ET
55, :

2. MZHRtEYaDHEE

B 1l Dty v a VORBFREDOWT, kv
YavDTF—=<¢, XaDry v g VTiThbh
TEEOHRERCEB/T 5,

(1) % ZERAHEEEOESE (%7 —

5A)

2 SFALIHAR—E V-T2V IER
DR (X F— 4N _

8 ®yvavI18: V7 +H (Powered Lift)
zvyv (REGES)

b vovav19 BEAIALZ—EY /=
vOVDLDDOEEMELT I v 7 A (BE
HH 5) ' '

6) tyvav33:MBvO /BT (RERHE
¥ 5)

6 yvav3 . HEEZEBT A MNTETS
5 (REHE 6)

(1) tyvavis. BEEBRAEERE (REHE
¥ 6) ‘

8 €yvav6l: hEHFAL—ECVORER
LG (BERHGE 4

CRETFE TR 12 BE®XA)

BiaT R RASE M &2 IE B

Q9 ®yvavel.EHEvySvavh
r—L (BREE 4)
0 tyvave2: AEHEMEBAHELEE
DREEEM (BEREH 5) :
W tyvavT . EFABAREBRVHR
vy (BERHGE 6)
IhoDdy, OBE LT —<2F0IA
BEBBECBNT 5.
fizR= v o v D] (X)) T, HLy
F#t, GE, PWA, rm—A zxnf AL Rm5HR
DREFM S 2w bz vovi—h—hb, 70D
BB OEBIIOWT, RS54 P T
tbhhic, BECHE= Vv vEFR (©—%—

\&)#B,ﬁﬁ@v:yFIVQV@ﬁEKﬁ?

HEEN Do, HELLEBORE TR
M, ©—2 —EKOFEDOFIZ, R 20* DFREEHLE
ThoBFERRROBR LB EZEL
o,

vV a V18T, NASA (Ames), v —/L A
rf A, ¥RFNANEALAF I v IR, =7 FFNL
FI7IA (2HF) b, Kax=vov, RZBED
BT, BEEESDH D IRFEFOHRI DL
TORERLHD -, BERH»OERICER I NG
»HTW5 STOVL (Short Take Off and Vertical
Landing) 5727/ v o—D—W¥WEPMB T EDTE
BtoVa VThHhol,

tyvaVv3IBOBREIL, AIEBEETYE
kk ONBREELHEIELED “L 1 ) L IEN
ﬁ—£77V1797®ﬁ%K&&?%§7K0
WTRELL, REE, 4ALLOEBEMLE,
PWAD=vo=ThoDarvsirdibotc, &
DREERWIL, BIIEBBEC OIS HHF R

% HEH BR20F8ATHEAEETORST L
BEORFY = v M THTE] OHERBETH - tH

E@f)x v bV,

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



GTS] 16—66 1989

BERZTED, RKEBELIAEIRLK,

£y v a VI8 TIE, 6HTRTR=2=/2 LD
CRETHD, MCE>TIEd - L EERE £
vaVThotl, EELT, BEFMZEHIHLS
v vwlETn e, MEBOKENEDX
51E T A onTRRbRT,

536, USAF DS54 v 242V v AFBD =
v VERD, “‘RER VY VORER” ow
TOREBEOEAMEEL L EDKRTOW
T, BArdote, FHEAROBE L, BF=V
SVOTRAER L AR IRNLOHBETHD,
BRI AFHAOE S 10 ~ I5ELNDHDIETRL
T, REMTIZS~10FETHH, AT 10,
000 FgREIA 2,000 ~ 5,000 B, NBAREIIK 4
10~20 F v & 0.1~0.5f§ FARRIEBERRS &
5TRBLEDTHBALD 5T,

FOHE, ¥RFNVEAF I v Z2ARE7—HK
In, F-167 4 AV7 s Aa Vi IPE=v Y
v (F110 £ F100) %% LIcBE O aE
TOWTDRERD -, B, /77 V/HDT
V74 VEDF-I4RBREDTFI0 = vz Fl
10-GE-400 w335 L, #{AM4EH Fighter
Radius € 10%, Air Defense Time T 15 %,
Intercept Radius 50 ¥ KT 57 L2V TN
bh, 1990 FENRLRACABERIBELD-
o

2 I FPRAE TS A ARV KB, F
-1512 F 100-PW-229 IPE### L foifkico\us
T, HEEALE, RAETECOWTE LDIEEDS
Hotc, PWADF v 7Eh b, KC-135%V-250
OwHsETHE, "M —-FTl6%HmML, 54
THA 7N aRFRSEIFAVUERPNTES LR
52 %, XB-5212F117 (PW4000) #2Fd %
i, BEDOTF3II TR, 4F&ich, =4
m— FOA, BREE, RFEORMTEMRIAX
hALEESBEND T, TDEy Y a3 VERED

RFEL, PWAD=o Vv FEhD, A AT VA

F47 5 v b a%IT79-17 55 PW 1120 (F100
'mw)mﬁﬁbt%@oﬁﬁaﬁg%movfm
~Nbhte, BrEEE LT, tEEEREID 37 %

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/1?

R H

il

A, EERNIT~20% AL, BiGE#EIHERTS
IEDHRBENRDD, 18TEDORRYV =¥ v 3 —E
TARBDOT7SA P FEDETF AN EBRINT,
3. BSTRLRECE

FZ & 5T, ASME~ADEINTZ CD TOER
HEr T, _

ETE, EBNCHBOEARNDZ L5
Hizowt, EECEEBAKELSH S RWERS
2N, RETIEEZEX O hiWZ ETHD, £FOD
BIZHIEO LB ULhcOhd Ly, X,
BRERORELGL VAT 218, BEEVLEE
FAHE@MADD L HSTEZI,

—%, “AUTHOR” DV K v——R/ILDEE
XizHEFEL, “AUTHOR” L& FETHI h
FEWY RV ERRICOT 5 —F D TwWB i
BEKDW I, AR, FREDRRD D LTt
iz “A Method of Sizing Multi-Cycle Engines
for Hypersonic Aircraft” % #&3%* L 7= Kolden
3, A=A VIHEZASTERIEIFLESFVR
HTH T,

REODELEDERVFECERTHHT LD,
HBLLTEB-—2TH5b, REDREOD L
LEBEME, FhiedTsa s v 5 ART, 5A
DHOHE, BROH o LIXFTRADEE D T
BBEMN, Do LHRABEF LARETIE, &E
AETRTESR, JHmBERTHH, FEOFH
KEBHY EFTWB X3 ICER bR,

MEBERLSOLELIZ11 DLy v 3 vEHK
YRUTRUDRLT EiX, ABNEFEICEERN
Bl x Ek R, MEh, SO X 5 i XEEWRES
5, =V VYRTF A, LBAFLOERTIEFD
3D (ATR STOVL, A-2—xH) hHIRAER/
HBE =S VIZED F TOIRHERENL SO
EHET, Xx=vyvoER, RRCBETS7—
=2 H DT, TORBENFERRERICEOEIRIC
HoTWAI ETHoT,

Thblleyvyavddh, Ty ¥aVh
“USER ORIENTED” D+t v v 3 VTH T,

57—



GTS] 16—66 1989

i

o
cu

3. EEXBARZ—E>

ZDOED ASME K&& o E B #9i2 Industrial
Cogeneration Committee XF#E LTV 5 & v
< 3 v 69 (Gas Turbine Operating Experience)
CEWTFS5BHFRE2 - VD 10 HEEREOEE
ERLFPBBHB B L 5) L —RIZD0
THRXERERTHILTHoT,

Fofihd Committee T Dt v ¥ 3 VER D
BEMLDT, BEERFAZ - VROVWTHE
PRET D, Ik, EECLH>THKODD LD
REROCHET B C LR SRR E L,

EERH R % — € v Tit 3 Committees 5 13
tyYaV, ATRMOBIDOERR TR,
Electric Utilities & Cogeneration Committee T 5
+ v ¥ g v 22 $, Industrial & Cogeneration
Committee T4+ v > 3 v 15 %, Pipelines &
Applications Committee T4+t v > 3 v 108 &
o T\ 5, -

(GT-102) Tix GE 2685+ MST001F &5
BOTHABRICOVWTHEERELTWS, 1E/MHT
THEES A 18 B5ET L7z, AT 3 o hh,
B1IEBRS, F2HITHTOARHRAR,
FHIMIREFTTOUERAR L c-> TV 525,
DERE2METORRTHS. TH T
MST001E #OEMBT AT & L TRRBR I hic,
FESE 5 B EEs R 387 By, B IE 134 |
2fTisw, TOMORRHEERIR 160 54 » viIT
Ell, AMEECHIRE®S Y, MSTOOIFEOE
MBROADEZEYR - TTV, - VAQR
HIRE 1264 C, H&H 89,600 KW THE S 1
oo TORBRERERMREL T 150MW, ZhK
9,880 Btu/KWH &% Z LAk, B
X GTDI M— M REREERAR 1 BB E R &
CIN-T06 D& —Evr—2EXH#THFET
BH, Th)HSHEMSTO0IFRIDERGRE L5,
(GT-26) TWRHEIMNEHEHBEH I AXx - VD

MEEARER I NI, HEREELBMATAIC -

134FRIRE 172 25,000KWF 5 By 2 5 — v

CEBLTEE T A 24 BERZAD)

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/E

WENRIFFT B B OB &£

CRbOREI N/, F5HIIBROEREI R
TLK, HEFE 9 AiC 134E/[T 10 HREEE S 1
oo TDEMY » FEES [E, 13K 0.566% &
REFIoEERI e 3 nic, bR M1 AEMESE
THokd, TOHELPGH X, BEEMIHET S X
SHBINTERINTE L, 13FEHOEEKIZ X
h2—EVvBZEOERTADORELLERET IR
MEWz b L, BICE\VTI260COEGHHEY
AZ—EVABRENDEBELABLRALL LT
IOFSBFRZ—EVEAGEE X UCEIHEEEBYIT
B, REREMOBRBIMB LI, TOKRED
BWEBETH 18X DR RILX RS LA K
7co 11 AFER D EEBB L, RAFE 4 RiZE
T T 3,406 R BRI N, HERBREREE
DY VIAHA4 2 NVDORETH I 26,200KW, 3
K33.0% (LHV) oRBLH»E LI, (GT-19

. 1) T2 1985 Fd HEEIZ A » T\ % CW251BI-

0 DOEBEIEECOWTREFINRTWS, HIE
FMICITEINY » 7 LcMEEMZ 99.3% & BIF
EENRE IR TV, (GT-142) & CW251B1-
0 OB MM ERBRERCOVWTTHD, 3BD
RERRERIC X b R3EME 41,200 KW, 11,442 K]/
KWHIZH LTH I T35S 6% EE -7, B
HERIIBE L TH -7, Fiz CW 251 OFSiH
B12 & (GT-119) B XU+ FEME (GT-141)
COWTHEEINTWS, FfF CW251B8 # 4" 2
Z2—EVTLHERE BRI TVWS0DT, Fit
CRZEFYEALTENOx L2 RAE =2V =
*+o5@ATH (GT-167), (GT-29) T
MS7001E# 4 5D 300MW 22 = %75 vV FE
WTKMESHIT X b 42ppmyv F TNOX P ER T 5 &
E%fT-THD, SEETEENY 98.9%, FIA
KRB AKDEEEELY DT T5, (GT-9) T
2 EFEEEERE) RB 211 B D 10 RO EiniRi&ic D
WTHRELTWS, (GT-88) Titav AL v/ F
TIVIEEDHEL LTHAZ -V RREL
TUWHSBENRH THEBBOREYILE L TREMN
BEYFUTHS R /5 ACONTHRELT S,
(GT-28) TiZ300MW =22 = X735 v hizE\

58 —



GTSJ 16—66 1989

THELR YV 7TALE AL A LTER T — 2%
BTw5h, X (GT-23) TizBBOZM Y AT A
DEARIDWT, (GT-T1) TRALF 514 v
FEMREERE S A &% — € VORBETEICOWTRE
LTw5%, (GT-245) TiIBEEZR KT FDFO P
DEHAZ—-EVvEREL, B (LHV) 240%
NH AR H EIRIFANERINT S, (G-
T-170) T ISEMER LIcHFAZ - Vv EEA
LT, WICEh{ENOx{bLLY—27AMBEL
TLELBERTHZ EHRTE, (GT-147) T2/
Bay - xOBADFHME, (GT-258) Tix/hEA
AR —E VRO 2 Y xR OREEORERFTH
T3, (GT-171) T/ B2 x0.5~3
MW IZDoWTRAIhTw5b, (GT-97) Tix
STIG (X Hi 71158, #pRm L, NOx EREF &3
%<, LM1600 DHFHRZO>WTHE IR T W5,
(GT-100) TXHAZ—E vV OBHEIIREA 5
DODEIEFIALICEE % — v TRKEMRE
#ERE)T 5 Turbo-STIG BN I TV 5, (G-
T-3) TREMBCHRGBHEL ST r>B4E
RECTHIERX I D BBV 226K BEI NS,
(GT-8) TIX 204 12 57 5 TREIFEA I huic
EOEMBSHSEAN A 2 — Vv BHRito —
FRIVERBRCERLEHERL, FHTERE
o7z, (GT-154) TXE, EHEFEHAGEHEN
WLy e AFEMRBOKXEERCH R & —
EVERBRERA LI LB E ATV B, (G-
T-225) TIRFAFEHBRSA VEBWTAA VDE
FER A SHANEIE T 5 -DDF T AREMT
FEROHIEATRP D, =F AV X LB 500
KW REBERMBYHB LI EXREREINT WA,
BHEBEFA L BZREBEREFCOWT (GT-
143, 221), B HHEE LTKBR#EFAT
HAE—EVEZDOWT (GT-101) TRANMZIHRT
W5, (GT-104) TRXBEHFRHRFTOHN A X —
U RRER#H L TiThht, 1300 T 150
MWH A& - v RRERCETAEI=Y —F
RHADRBERBRERBRBRE IR T 5, IES
DEFRKRBER TRIERSE, | BEOES O
EORRBLYHCTRKEENLS UKEETOR
FEREEZ L b, NH; 25 NOx~DE#BE, COD
RERXSOWTHRER LT3, NH; % 1000 ppm &
15 1000 kcal/Nm* D # A %L 1300 C D e &

R OB

#@%ﬁﬁﬁ?@%%fﬁl h, Rich-lean ®Low
NOx FXDOF MBI T, BEORESTATIGER
RN T2%TH-Dwes LT, Low NOx HK
TIXH50% TH » oo XNEERFERR TIIARE
L) UREETHFCL &, EBREH 67 %D
H55% F T FMoThotz, ARA ALIZDOWT
it (GT-217) TH 100 MW EH R 2 — € v
W501D5 CTREERBI X ERM L X i L2 REL T
W3, (GT-216) TRERBEAKEREKRITRD
ZERMBET L D HENCEREH o022 X% N
Bislidbic, BERE-EVOAOKEIRLE
HEYEATATSVIEBRBAZIR TV S, (G-
T-25) Tt FT- 8 B/ # A —EMEL/ AL D
R TEGERDIL 2ol DRES O RIF ok
ErEohic, OMWH A2 v N"A Vv F T 5y
FOBIITE Y I 2 b= g VIZOWT (GT-133)
T, FOHIECOWT (GT-145) THEAMZHA T
5, (GT-93) TREVEVIRF—Y g vD
Y=V IR RToTWS, AV —FHAL 270
ZoWT (GT-149, 218) T, HRZ—EVvHA
2 MZBF A E kAl oWT (GT-120), 75
PYTA—=SVEVHAL I AMEOWTIE (GT-21
5), RSEE L KEFCEI LT (GT-148) T#H
IR TWB, (GT-109) TIXAA 754 VicfE
AIh 3 EOLEMBIIESEBEREDLS L LhIC
JGLTHBEINBZ ENBNAIRTWB, (GT-2
22) TRRRH AEZFEMBDOH R v — LI A
H=AIN V= EERLT, Y AOEEBMHmE V7
~NDORHR AP ERRBOBHREXHR LT3, (G-
T-91) TRAMEGRFOEMBLERICOVTH
HELTWA, BBEFARE L TRRRCELFEZS
vIBERCTS DL BN, TOAMER
s vrBmhotkiELEbED L,
HEEE T2 A7 LCERYRLYED L LNT
5, HRZ—E VBB L TIRBStiRBEICD
WT (GT-103) T, * BEKRH O O HIE
2WT (GT-214) TREFINLTWB, (GT-173)
TRERIL»ODKRBRETEHI A2 - e
HEES = AR VY g v g4V, BUrE
EOWTHENIRhTWB, (GT-226) TIXEXEHR
HAE—EVRERIRL7VFITNH T
VIELTEAT 772 HREFTHRANLDNWT
BUTW5B,
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4, WEHZXA2—E >

B H R &2 — B L Tix, Vehicular &
Small Turbomachine Committee D % &1z 32D
tova VHARKEIRT, TOFD]1 DI,
Ceramic Committee &, % 5 1 21X Aircraft
Committee & DIETH -, HBREIZ, 2 A
® oral presentation G L£LET13, FDOFI A
NEF Iy IH AR - EVIZETHIRETH -T2,
T—=RTIX, H750~100PS 75 AD
MPSPU (Multi Purpose Small Power Unit) iz 28
THREKNL, BBHEM D AGT-101 » 3,
AGT-502 ¢T3, Th¥EHICRE S
&, KE8, BK3, »F+&x2R 24 -THE
H, COFTHTRARDIRVCHFEZR TV,

(GT-105) DOHBEALI I v FHFAE—E
v AGT-101 =v v v (18X, 100 PS) iz
AGT-Project (1980 ~86) xHt &, BHE X
ATTAP (1987~ 92) TBHREIHEEI N TV 5,
AL TR OB % Garrett Auxiliary Power
Div. Z#/ LT\ 5%, (GT -170) Tix AGT-101
VoV ORBERE 2 — € VB P S Transition
Duct D B#1Z >\ vT Carborundum #23FFE LT
Wb, BEE% KD isopressing/green machini-
ng £ b, injection molding &35 Z &2k b, B
EoOTIT; 1310CTO=v o vRABNTEEH
EL T35, FHEMENT sintered alpha SiC TH
%, (GT-259) 2 AGT-101 B4 —€ve—2#
DB FE B3 %5 Garrett Ceramic Compornent
Div. (GCCD) b DHEETH 5, HEF D slip
casting (GCCD-CODE-2) 2%, pressure slip
casting (GCCD-GN-10) &+ 5z ticx v,
SiN M OBRRBEY AMCR ETELLBEL
T\ 5, GN-10 D%t % UTFioRT.

7e33, GCCDIZAGT-5 (GM) o m — 2 —BA%
HEBLTEY, SEBRIFH- v EHGN-10%

CPETE T A 24 BERZAD)

PE2EBEH B H &/ X

RAwicr — 2 - THAET 5,
GM Tix AGT Project @&\ T, F—EVIT

v Radial/Radial @ 2 X% &8 L7z AGT-100(100

PS) oBf# % Allison Div. MY L1,

—7%, A% D Technical Center (GMTC) T
13, #— ¥ V2 Axial/Axial BB Lz 2 @ =
vV L AGT-5%##RTe Y =2 ML DB
LTE&, '8THEHRE—Z—v a3 —ICHEEIRT
EEaHE “Chevy Express” o= v vy AGT-5
TdH -1, DOE Project 3 AGT 425 ATTAP &

GN-10 SILICON NITRIDE
TYPICAL PROPERTIES

*DENSITY ........0iviennann 3.31 glec
* FLEXURE STRENGTH (4 PT)
2 115.8 ksi (798 MPa)
2250 F .. ...ttt 94.6 ksi (652 MPa)
2560 F .. .. ... iiireiininnea 68.4 ksi (471 MPa)
‘ WEIBULL MODULUS............ 10.0
* FRACTURE TOUGHNESS ........ (CHEVRON NOTCH)
72 F . it iniieesettnnnnnnns 5.51 ksi in 1/2 (6.05 MPa m1/2)

* YOUNG'S MODULUS ........... 44,3 Msi (306 GPa)
e SHEARMODULUS ............. 17.4 Msi (120 GPa)
* STRESS RUPTURE LIFE {4 PT)

2300 F50 ksi ..........000.0 > 230 HR

2500 F30 ksi .......... e > 90 HR
* THERMAL EXPANSION COEFFICIENT

50-1000C ...........0 .00 4.3 x 10-6/C

DEVELOPMENT OF Si3Ng MATERIALS

130
120
110
100

80
80

70 I~ Gccb-coDE-2
60 |- (1985)

50 -

FLEXURE STRENGTH (KSH

a0l
30}

20 I | I ! i !
o 400 800 1,200 1,600 2,000 2,400

TEST TEMPERATURE (DEG F)
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ot 8T L b, GMIXHERD AGT-1001248 -
TZDAGT-5%+F 3 y 7{btDR—Rx VvV

ELTHERTAZEEREL, BHIZGM AN
D2DDHAZ—EVHREF - ABZBITHRD
W, v o vk |BELTOLERD-TCLEDT
ETH5B,

(GT-118) 2 AGT-5 Ot s — & v e —
g—%hhETHES Iy 7 RBEEROBIRCE
5 Allison b DREFTH 5,

—77, AGT-5 DEARBURVCSEDO LT I »
Z{LRARDBLA DV TIL, ZHEZAREFEIT
T &7 GMTC @ Mr. A. H. Bell #° oral pesenta-
tion DB TRE LI,

(GT-114) TiXES i w7 H A& — ¥ VIZE]
THEROHRCOVWTEEL L — V54 bEHHE
HEZOIIHEEE»OREIN, ABFXEEH
300KW RO EH BhEH 100KW = v & VI w3 5 B
REAABEHLFLTHY, REEMUCER/I LDV
SOVIEE S TWigw, L L, RETH L
ERXR7ro=7 FOBTHERLLIS ET5HEKD
EBIBEREDO=— 7S HE L EETD
BiFohT, x> TEFEDLRT T,
CORBOEBLABCIIAE L LEFEE-SOS
MENRENE, BARLSHBABEFROTICH
BLTERI o EDEHIL, ThHTRENTE
- RFER LI, RFESELDIALL EBECTS
RETH 5, A

(GT-41) =2 —F 4 54 b ER LI % »

ARBEOMRCET ARETH S, MEBCH

DTHRERSERTISHATESREELED S L Xh
TWwb, AFRIKEZ LEHABHOLRBARIC X
5HDTHY, REIEENLTIcbht, it
SHBITET Iy 7 HA X —CVHROEBER
ThHDHAZN—T Iy 7 BABCET 5P
EBRERFHL (GT-302) X h#EIht,
50~100PS DR - K= A} - BHEE= v ¥
v B#E L35 MPSPU (Multipurpose Small
Power Unit) Program (%, Garrett & Turboma-
chZ2.OICHELE IR TV B, Wit & d5EOERHS
EFOTNE—E YD h—HROBRL A
LTw5, : :
(GT-172) TiX Garrett 2%+ D GTP50 &
VYV DOWTHERELTWS, GTP5012i 50
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PS L 110PSD 24 783H 55, WwTFhdEHNL
1%5.5, TIT=982TC, N=114,915 (rpm) &7 -
Tw5b, 50PSECw+ LK E X 239 (g/
sec), SFCi2325 (g/ps-hr) ¥ BELLTH
h, £EA LS 15,500 &7s - T\ 5,
(GT-117) @ Trubomach 23pF D T-100%
= v YV TIE50, 75, 100PS & 3 BREDH 15\E
ZHhT5, 50 PSHizs45 SFCix 335 (&
/ps - hr), BEZM2Tkg ¥ HREEL LT3,
FEAHi26.0 TH b, EM#IL Pratt & Whitney
Canada (P & WC) #2BREZHEHY LT\ 5,
(GT-112) ¥ T-100 = < v (Turbomach)
D 50 PS B O EMREERCOWTOP &
WCHhHLoHETHH, BRIMEIT 340 (g /s
ec), ENH=6.0x7 5 EEHIX 105,600 (r-
pm) &/t T\5%, Garrett (GTP50) #%vaned

- diffuser THHDIZHR L, P & WC TIit pipe

diffuser XA L TWH5D0E#HEE L5,
(GT-110) Tix 197641 AMTRAC THH
#u7z Turboliner D F DD 12 £ D Bt % 47
L, %8R ELTHRAZ - EVIZEBEEABVZ
ERRLTWS, BIEEZBAED 17T (km/hr)
75200 (km/hr) LR EFBZ&iIc kb, b
ERABEORWABE BB E LTV,
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5. 2—REBOBEETh
5.1 BEERIER

1. EEHELHRERR ‘
ERNLRATEC LI 2 BEEEMRE (2B O
Fet & T DUERBEROHE (GT-164), = v
FRYFH O RUELOBET Dih % Moore D
TE=KRTNS HER (EHEIEE, BEAHERELL
WMeT V) BECL > TR LRI HERER
IK—ETHEABRVBROERFASHiLE
b D (GT-6), MAN 4 BREEEME ORE
LEBHE (GT-20), 2—FX7 » vEHELRA
ROBHBERC L5 _ERGEE T 75 OREE
DORZE (GT-38) »»5, '
2. EEHY—2 Y

3¢ A EL2THMIT B X U'Whittle Lab. D\ 3>
@ % Cambridge Connection C X 5EETH 5,
BERZ|, THCA—28&%b - 38R, T
MTHEE2BY L - IBRRTIORBRIZI b,
EERBRUAEGREIEEROBHI DL VAT
LADBUTHDH T &, HBROHHIFREFEEH
BIEL, BEORERER THERMCEFHFT
BERT L (GT-31D), WEBET vy —Opik
HRAMEHOEELIRMWEFTHBHZ L (GT-
63), r=v VI bV — AV IOEEORBED
7o DI B HIAIW BT RUIREET \ A 2 & B4 P wnBE
WREHLEZT, TOREAHBREXHB LD
(GT-64), WHBEDO—HOILr —v v 7+ Y —
FAVFERRTIHZEZC I ST (GT-312), »5
WX recess vane A Dy —v v S Y — b A v
MZX»>T (GT-68), BROKEILE T2 Hb
ROERE= -V OHREBOER Y RE LAE
B, AR EREREFORIBORET L %k
B (BERUBE) OBRELYALL0 (G-

(PREE TR 19 BEREMN)
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T-70) #» %,
3. 77 RUERBEBEIHE
BERPBEYAVDHZ i h AoELheiERT
PREYELLER (TdBA) TEBHZ xR L
7eBrge (GT-53), BMEERY O 8 BhiRE OBE
YEBRBROBMEHEC X > TYF LD (GT-
58), LRBEFIOKFE DHFER THLEEER
BOBBRYL*REVCE LD EERLELLD
(GT-50, 51, BEAAAY » bt X Y EEER
BHMEAERAMEYER LB LR LR
BREEE (GT-1D, AF v X, A7 Y o &, B
B OFEEYRY ANKEBEE 7 »y vO+ (15—
HBRALERBFBRAOESRC X A=K A
Rk (GT-325), BEBIETEI 2> BEREME
BY|oEmBRER&IO—KITHh 7V EE (G-

T-326), BEEMBEMBEOASHLBALKDOYE -

FFREOKE (GT-324), FEEMH through
flow B# (GT-305) »RkEXhiz,
4, EWEI—E> ,
N—2AFELBEEERKA L OBEGRNIERMEA 1
S—HBRACIBHECL > TFHTEL LA
FLIXXh, Fa1—2 LEBFITIEN— AELEE
DRIC—BHBEERBI T L ENTER
(GT-278), ¥t & — & vEIICHOWT b FAED
EERRER A BB L CTHEATIE Y HE LR

»% (GT-284), # - vRIITRERBYRY

Fo e AE <, ERBINOEKE TFHTHR

 HREFBOBBRHUOKR L X OEHKHE T ML

(GT-289, 290), BARBDORER UVEBEHIR L%
FRA b= - B E OBRE RDHER (GT-
296), BMVWMELEDOF LT S —BORZELIERE

- BERUERBAEESA L OBIREANLER

(GT-321) P 5, F-HOaF s A+ —v 3 vIT
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BRTBEFNOBRIEZFHRLCcLD (GT-23
N, BEAABEELZ — v/ AVOHRERRIE
THO&HEOEE (GT-283), BEFEs - vE
FIOERE= v N, RSO HER R E B
GEDOHHENFh F IR RRETEC L %
KERROCESERSEC X A51EMEE X —%T
BT ERRLEHROEMNC, FHEREBTDO X —
v VRERR S OMAZNFMEEZT >/ DHH
% (GT-285),

5. mEBERURGRERN

2 — € VERBRRY|OLmBEHYE 2L TEER A
REMACEHRIL, BRRNBO®EE, KEIRV
ZOFRELBHROCRBER L OB REL EMCHN
72b D (GT-55), [ UkkisER THRERDHEH Y
HUbo (GT-56), 2 —EVvEBRETIOWA
DFMLHINC X 5 — RN BEDOFFME (GT-4
7, ADEESAMCARHNCEL2E X T RKH
LEMBORERTIL, BN - KIThER
DEFMEZRR LIS D (GT-65), BRE, WMEER
CZRENBRET D~y "BOFENEET
BB EXRLIbD (GT-67), EHTHAK
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T E FTHrZ LItk h 2 - VvERRT|O
BU@RFOONDZ xR LICER (GT-79),
BHBETEHO b L) 5 BREGEETOmEE
o EHE R OFEEERNBOFMcRELZT
W ERBFIEROAEE BN T LD T LR
T L, FEEREENFECET > ERES
FRELICDD (GT-T7), WELDORAMMIC
Bh 5 =R TGN EZRITROEE=ZKILHE
R OBMERC L > TR LS D (GT-151),
BiRIRhth OBEF O EBRER L #at L TmBET
BOLFEARDOEEF RS L RBHR, BE,
BERESREL, B YK & 2RO B BT
WERYE X -HE (GT-19), ANERBEX,
REEROCHO <y "B E =X VFRERT R
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FRREYACCERBRETEEMBOERET
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oA EREL HE L TRLEFERD S (G-
T-210),

A s & % F
°lF & A&
A #F B 2 CGEFY2) A K % —(HE) & B E & (EHD
# K X BB HEW B SHER) F # — A JHD
Mk 7 OGRER) # K OE B GEE W B E (FRECIED
B £ —ERD BRI B BERD H#HK FH xED '
B K FED H LR ECHER @& F F & JIIBD
X HF ® O AUIE) K # & & UIBE F X & & (IR
k H #UlE & 4 IE (IHD =# £ 3 (B3D
w A &/ -0 K ¥ B #JIE #eRk £Z£8 UIE)
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ELBRDBNR DIty ¥ 3 VEUT X — R
BEth 24 DR5 T, BETIRIELAL LI T
Bolc, KEDE » v g3 VTRNDW I EE 2T
% & Dr. O. E. Balje Memiorial Lecture & L T
Unusual Centrifugal Compressors and Pumps 2%
#HIToh, ¥4 7 2 —FBIHH Performance and
Design of Vaneless and Vaned Diffusersic ¥ & %
batc, Centrifugal ImpellersiZ2 o > g v 5%
FF 5T, HEEED End Wall and Tip Clearance
Flowizohéso7rz—vregzhic,

ST NE - VERTREBH OB TER
DRRDEY 5 % THERTEGRE AV THRED
BEREEERYE#E I, FRGCRDShi
BEIBRNELILD X 5SWHREED D HENRE
Itz (GT-83), 7z, 7 And Tip Clearance)
REFBNDIDCHBREBORIL D 2BEHDOS ¥
Tz~ THBRY 3EEE LI THEY R
EL, MBELFREBhEER LIc@iTcyy,
COEHILENIEEMTE L BN B Z LHRE
hic (GT-162), 7 AARE7 Ains bR
HAQDETORBEXRLS V72— vEAL
TLDV THIZEL, B (GT-208) TXAZ w—
CNVORESLBRMAGORAMECERL, %1
B L HREREMH L, $%F (GT-157) TiXighxt
BROHERXT-> T, L KERERTRERD
HRDFE—RFUNE LW ERREhi, Bbo
feflE LT3 EBHE O KE & KE T 1000 m D& E
EXFRA L), PROERZ — € v ORI
TH2BDO2HABADS ST &2 —¥EvVDOE
& Ihic (GT-60), LI, KRCBREEN A
CEERDNSBEBN TR, ANViCEBthd T
3 [51& Tl Gas Turbine Erosion and Deposition
Dty g VTHRFOMBELENT LT, £5TE
COREETATHEMMBR LD LD LK

CGEBLTSE T A 19 BIRFZA)
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