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1. BU&HIC

MZEHRB L OBEENAT A Y — ¢V IRBERRICDOWTER
HRELBAEOKREB L USHOFNEZEEDOBF R
REEDTRHRBLTAS,

I0FERICER L REELET -V 2y bV U,
BRMEREOZ YV LTHwLR, ZOFHIIEL
5 BBRANERINER SN T, EMERs—2
BENRFEFTIIB =R F v =V v =L EOBMICAVS
, RENCE L THAREOHBHNFASZMNMAIE
BaN Tz, LA LRBESRGEHI MR % B &R
FC, BREMCERRESES LWV F e HM oML
PLETHo7. FIZKBETOREZLZ, BEKR LI
WALS B BRGEFA, IE A MREOL-OOEFHEE R &
DERHBER S N7z,

19S0E R DBEIZEY, PHERBERIEE -7, &
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BOBTEEINENINDL I EidhdhoTze TMETL
DOH o BB L VY BBIEOTTXNIE 7 1 v (CFC
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NEBVTW ol ZOFEORTHBERAFOEHE
B 70 L A4V UBERS Y BT AEER
WMETHLI LB OhPoDRBERATLD S,

W0ER DM & ) KERKEK#ER (EPA; En-
vironmental Protection Agency) R EED—HETH
% EREREAMZE##E (ICAO ; International Civil Avia-
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AhZlEhol, ZZTOHOHH (emission) &i3BEFT &
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2.1 f4gEmt

1960 D L IZENLRIOH A & — ¥ VBB DL
ETRARICET A EEFEIL, F& LTRFHEOBT &S
BOBMLET, UTOXIRIDTHo7

BE WHOHT A5 —E BRBER I E O AL % FelR
THILEDPRERERECH-72. Thbb, BREROSE
—DBEMNTHIRETHFERRBEIC X 2HELRE L
A-EAT ) BB O FHEM L S E TH o oo [EHEHED
S5t A A EEI00m/s B DRIMISH LT, #10cm/s
WO 72D EhE m/s DBRBEREE D KK % R EITHRFET
LRRBOBREMPEECTH o720 ED2DHFREL
TAT7—F (ZEBEMEE, Air swirler) &R OESIE
HAOMAEGLENE {BFEI N, LHELWI/EEIHIR
DHRAY—Y¥ /T T & LIRBESHRET DU REE 2 o 726

MOBFRE LTHAIBEORIE EFZEFPND-bDE
LTk "BEE HA»H b, Thiz@wd “Walking
stick” ¥4 7L bIFEIEh, BRBEBEMICERTZ M7, F
723 TT) FROMREICRE 44 L TRE, 280
FRERZERIELHFXNTH S, ZOFRITHELRT
YUVIZEKEAShI, RGN TwB T T UHl
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BREFELELTARAT— T %o 2B T, BXKLEE
EREGTITSIARVE, BB LR LAMEAH%
RSB VEDEBERBEWRA T 2T VAY 7 4
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REBOWMNFEEIENEHAEFZLOR Y F 7L, b
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Ko EBRNBATHBRIPILETH o 72,

WEME Vv bIUIUOBE, BERTOKE
DOREBZRLEEXABYN Do TIh b, FICEHE
KOBE, Kim—40CULF, EF0.02MPa L XV D Bk
BEZAROR[R P TERSIERIThEIRO 2V, 20
£ R RMIIHT B IRBETREHPH 12 DV TIX19534F 12
Longwell 5253 EERMIIRD 85 2 —% TREAM
) PRERAR T RBRBEERBRETOV L DOFEH L
Bolz. ZERAMBIIRATERSN, FORMIILE
HBIVRERBEEDOHEBTH S,

mﬂ
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I Tm, 3B VOEMIIEY) AL ERRKETH 5.
COEHNPDOREXFEH n 122V Tid Longwell 5131.8
L L7030 b ER%# 4 Combustion Symposium 72
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ZREFHAL TGO A Y-V BREEHFICE -
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WHE2000C 2 B2 5 KERBICH L & — € VR ol
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L ARFEBRE TIX, KBEEH2MPa, Y& H20 EomREE
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1970sF LA RE D BT I HRINRB A O L DD X — 7 —
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L T 19824 CAEP (Committee on Aviation Environ-
mental Protection) 3% R L7200 L TEDE, 1986
FEIVAEINL26.TkNUEDSF =KV 2y PBIY

—R7 7V rENGEE UTHMELIEL 2,
ERERITBEA R ICBT 58008, k{bkFE (UHC ;
unburned hydrocarbon), —BE{bxFE (CO) B L UV=E
BRIt (NOx) Thot:o BRTAL VTV UV HEIE
Bix, 74 Fv - #F3 7 (Idle & taxing), BERE
+&, BETH), TRENRBLIENLNVEEDT
LTO (Landing and take-off) €— FZED7. TN bH
ERATEEEIOM LT OLRHEHET, BLEEIT LTV,
Z DOBRATE 2 HFMEDOHRL Z 1T > 720 T D NOx DH
FEEFEL D OB AR 3 1IRT, R CHEENIE
LR LTO E— FHICHHB L7 NOx BEZ L VTV V%
I THRLI-ETH S, NOx OBEFIEICE L TIEME
HIZR$ & 5 IR 2 ICHBIP LI T 5,
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2.3 HeHREINOIE
1980FEACLAREIC 22 B &, MLZEHA TiX 1970 D HEHK
WIFFe CKkIE Cid E® ; Energy Efficient Engine 8 & U8
ECCP ; Experimental Clean Combustor Program 7 1
Vxr M) OERECOEZIFT, ENOx HiEEL UV
DR L EREHED Sz, i 5 ORERE~DOH
LOBEF N0, MEHOEERDRKRKGFEWEIEMIC
BMLCTETEIHRIZMATL2MME %o TE, §FIC
19904E LAREIZ 7 B & MuERIERBLICHE L 72 REED X D &
WP A A OHIF], HEFERBACES T 2 KB
DOHE, BIZIZR A2 VAHM 2P R ER T O S
BREDBREIND LR -TE

ZAUTHEC TR TS D Fd 7ozt > ¥ 8
HMEZBICETA2BENREN, e D RKBHEL 2
BN, IPCC OMEBNC L A LFEMICILREER
CHRBRMZER TH LREETRBHROA Y Vil Tw
HEAED RSN, LA LEDOR @@Aﬁ@iﬁa%
SRELXELRMERIELZV, ERAREFHOY
LZEHBRHAZICLIA2EREOAHEDLH 5,

B, BRNOMEZ EIMBFEOTEKICHLERL TV

B EEOET BB T ITEYA— VI TIRK
JII@MMT"ﬁt%@Ef o7 RRICH B EEDbLNS,

ZEHAMA RO RN EB L ARLREER D B,
ZNIC L B E1998EICEETHEM 25 b v { & NOx
DHEH SN Tnw5b, L2 L NOx OKAILE R HEHEL /-
HRICE D L, ZHOBERITTIE NOx BE130. 1ppm
DTFICHR - AMEhTBY, oHBESEOEE LT
NRTCREATIE RV,

iz A NOx #ABisR KEIZL S ECCP 7udz
7 P OFRENC & ) ERML S 17z GE (General Electric)
DK NOx #R5ESF & P&W (Pratt and Whitney) #to
bODOREERMEE 412573, Bi#E (FX@) 1E Dou-
ble annular EX THEM IR L THERDOT T 4 <) K
BEE & NERI O FRBEE & OBRBEEBEE 5T, £fF
Bl THERELEHTLDOTH D, HE (K
3(b) 13 P&W #IC & 2Bt AG A 8l 5 B I2AT 9
Fuel staging FRADL DT, 754 <) EHFIZ X B8
BEH A L’iﬁﬂ’%ﬂki_o&, iﬁﬁﬁﬁﬁkﬁ%ifﬁ L72bo
THb, WINDHABEICIZIZHEET 2PHEEEZRL
72

BEERANZAZ-—EAQBHAR  19804F, bt
EDEERT RS — ¥ b BEIAERE S e
NOx 2B L T, (HEEDOBRET) BIUCHTEHIA
HIZ L B RERS] E RERH DD 5o

REBRFO—BI & U THRAEHER D i BER ) 1538 2 4 )
ERLE2IRY, K1KMW REFT, ZBH, #
AT, WEREHE LI HO#E, &2 EFhsto
ORI TH %o KRMOFERM 2 &3 R E M IBE LD




6 MR RN B & B AEAHZZ2—E L ¥85%
FREDEFETHEIE W 5ppm AT OFER G kL 2
Et&ofwé%A%béoy<mwx& YTk

NL4ay FRE TH2 & (SCR ; Selective catalytic reduction) % #%H

ERH

X 4

LTENRLGIZTHULTW5E, 1 & 2 I3EMPE CERE
501 v kv ELEDBARBRE CRAKBE D354 4 RE80m)
EMRBEIEITAY—EVEAESNS, 2082
TR ERIBREDOT A Y- 2 B8R
150kW 2 # 2 5 OOHWIIDWTIEEE L ET 5,

MERENIEZ, H2HBTHLET 2 NOxRELZRET
5b5DTHb, iR EVHE SN TVWBEERY, Hro0
BROPELBEIE THFE SRS, HITREBOEN
R L o T L =B A I REIHH S h
Bz, BEATMEICED ST ZFNIUT O NOx Hithl
WHIZRTNE Lo 2 WHEDHTL %, BETIZIEMRE
BOFHFERY) KRBTIOFTA Y —E VICB]RT 55— R

RA oy MRE R .
- WEL oo TWDHY, ZOHBEKEITIK NOx #HEHifE
(b) PWIT & 5% T HLEHM TV 5o
K NOx BEHI#LZE I BRE2R
F1 OEEASE 1 EBICERT 5 iELEE
SR R - pom) g
i3
HRORRRORE TEERIAN ymaman1n |
SIRE TICRE ,ﬁé?fi‘:ﬁ@é“’i &
IR X (%)
ERREEL NN
50, 000KW L= 2 10
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PHO | 0 000 kY Sk 35 »
ERREEL 7 w0 "
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ERR BT - o
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TRAEREE | EFRE LA 2, 000kW 50 o5
D60 | LLE 50, 000kW KT
- FERSFEEBH R
5, 000KH =1 60 3
F2 WEHEE 2 HHBIEF T 5 i5E AN
SABIEETEE (AL ppm) g
i3
B X ErktH4A 38 S
B o R O PERE R wramanin |
31 B Tl | LBEIEREsnL |
X s Hea (%)
ERFBEHIN .
50, 000KN B L 3% 10
AR K ERRFEEHNHN
D b & |2 000kWELE 50, 000kW 35
Fil
R o "
At 2, 000KW ik
ERFEBH D _
50, 000KN B L 50 10
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3. —ECAQHRBEDEREEHH
HAY—¥ VIZRBBRERZ B L2V 1 2 VgD
MExBERLT, y—EVBEAONRRE (TIT) @
ERAPHON TS, REF—EyOBHFkE -1
YHME D% R B X TBC (Thermal barrier coating)
DBEAHEIZINDELWTIT LRZWREE LTWA,
ZRHECBRBERE DS LR35 720 NOx HEid s L
RF Ve UTIZZ0 XS % TIT SiRfbicfEy, Hik
K NOx BREESF 2 SR L TV 2B 2 2817 5, MRBESHE IS,
g e ORI OVWTIRBEETRAINSL LB,

3.1 EERITXZ-EBRERBOBK

OOVEOREERTIX, GEHOVRAY -V % LB
ZCRALTWAY 1980 EERERAME T - 72 TIT
#%1090°C @ MS9001E Y (LLF%E, 9E %2 & &BE) H A% —
Y V3K NOx #REE2F DLN-1 %8RB L7 S OB
ERRMHEMFE TRBEZ X HR L CHBETREASR
ELTHYWERBRB CHEMREY EH S 7%

F# % FA #TiE TIT 232 N 1 1260C, 1288T &
oTwb, FHEEIOLIVETRBLTS GEHREN
HAI—=—ErD70~80%% 5 TWwW5b, FA &I
DLN-2#REESE 23R L TV 5, DLN-21£19944F 2 B »»
LEMERICAD, 9FA B4 &C20.8ppm (16% %
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Interface Construction for Thermal Stress Analysis in Virtual Turbine and
Stress Evaluation
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Virtual Turbine, Vane, Interpolation, Interface Construction, Stress Evaluation

Abstract

In order to construct a database of structural strength for a virtual turbine made of single crystal Ni-

base superalloy, an interface and a stress evaluation system were proposed. Then the thermal stress

and its properties of the 1400C virtual turbine vane were analyzed based on this interface and the

stress evaluation system. As the results, (1) the constructed interface with the quasi~three dimensional

interpolation by resolution of plane coordinates and interpolation in two dimensions is of both the sim-

plicity of calculation and wider use, and high precise. (2) It was shown that there existed the maximum

Von Mises stress at the fillet between the trailing edge and the end wall in the 1400°C class turbine

vanes. This is caused by the large curvatures and then the easy stress concentration in these areas. (3)

In the evaluation system, the evaluation parameters were visualized and the distributions corresponding

to the multi objectives of stress evaluation were made clear. Thus it is indicated that the present stress

evaluation system is effective one for the structural strength database of the virtual turbine.
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Bl 2724 (LT, fHiiT A7 L) 2SLEE R 5,
R TIRNHAN R V-T2 - AOBELEHE L,

T400CHARE 7 — ¥V BROBIBHEIT I LTS >

B —T7 2= ALY AT ADREBIZOVTHERS,

2. ETFIRUBHRERMG

2.1 BIFETIEM B

AFaV s PCHRELLERESY -V oRIRICED
&, ERL-BI1BEEREFLVEZOMEN% Fig. 1
WRY e ZOEFVEE Y7 4 L ERS % R OMEREL
LA L U720 MEHE Ni M REE4 TMS-75T
bb, COEEIMLLFERTHY, Yo r RN
WHbld, x,y,zEHrEREI—FsEsE, HE
DRI M E BT c11,c12,c44, FF3 MR BDE,
F72, ETF—FI2LY, BRESR, HEKUBBERS
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Fig. 1 (a) Analysis model, (b) inner construction and
(c) crystal directions of the nozzle.

2.2 R4
BATEITIRDOT400C L EAE BRI OBRFE T CHIL L
o1 B R X 4 VREIRE Y A i (DEBTMAST X
I A M4 1400C, £F1.01MPa, #&E29.8Kg/s #ii )5
MTHRAL, %1 BRHEONEK%10200rpm, O
FE#05IMPa & L7/zZ &, QWHRZERITALDRE %
400C, MEZ 6 % & L, RNTOWHIZEROMIRER
BUOREOSHIEA L EC VR, Yo7 VB, %
B EZEL, BRIV EH L (Fig. 20a),
B)e SHEDINT A—5 LRHNEDTEMEEEZ D LIC,
CFD {2 & % B4V O F AT & = IR TC 238 T % 17

— = —
5000(W/m?K) _ (b)
N L T

j—
550 (CT)

| .

T [ e ———
(@ 500 900 (T) (@ . 500 900 (T)

Fig. 2 Boundary conditions of vane.
(a) Inside cooling heat transfer coefficient, (b) inside
cooling temperature (c) inside metal temperature,
(d) outside metal temperature.

WV, ZORRE L TORNMEKED X ¥ VimfE (Fig. 2
(), (d) ZHEEHWEMTOBMEL Lz, /2, WK
MEMTAERAE BT 5, ARTIEIHEDIREIZLS
BT OBALICEB T 570, MR LORELXTES
PR D E)HE LA D BT Y M7 4 — LD AE]D
v/ —7 2 — A (Fig. 1(a), Upper end wall) E
OFEEX, YHMIIEETE B, 2o 4 HHE
3R L7z FEb= > F+ —J) (Down end wall) =
AW/t —7 2 — A LOFiEIEZ FIICEETE S
A%, Zoffs BHEEMEE Lz, T 32— Fid Nas-
tran for Windows Visual 2002 T&» Y, &€ 7N % M
RERT Ay vafbl, EHEIT106042, Hi &80
33318 CTEF ML L 726

3. 1248 —T71—ZADBE - BIBRRUEER
3 4123—T7 1 —ADB\E

Fig. 2(c), ISR LAEERREEICH S Ay ¥ 2l
DZRITCOEREER L H S OWE Tc O (X, Y,
Z, Tc) TRELTWVE, —F, HBEMITTHWSE
FNWiE CFD & A—T, ML=ZkuxoRE*HEL, &
SISE AES - R - R D, X, Y, Z, Tx)
DB TRBL TS, Z DRI Tx i& CFD AT 45 H 5
Liid & B, SBEMMT & CFD i TORY v a—
FRE D120, ZNENFELZET VORI S - B
HOMBIE—HLTWwWiw, £2T, CFD DiJE Tc
*BERNTE TNV OZHANERT L V5 —T =R
PHEETHIEPUEL LS, K TRO2EDT— ¥ ix
BHEEERL
COFEIIREFRNTEFNVORMICH HEHHIT 12,
WD CFD S o Ze M & LR L, WNIRIC L ) 7—
TR EFETTH, T2, REMITE TV EICH B
5 E (IDe, Xe, Ye, Ze, Te) (LT, HiZiE) %
D 1iF%. Fig. 3OMEN % Fv Clizif % 34
%, Fig. 33/ AV oRNEKEHOWHTHY, Fig.
SLIIIEAE (BH) &BELTWS CFD A (L
ED) Z2#3 5 HEERL TV,

9, JAVENEmMOBIRELY, XY FHIcHD
WE A — 7 OMEIKEVERSAEET S (Fig. 3),
Mt (Z) HIICEFEHETH S (Fig. Ha)isB) HT,

Fig. 3 Interface construction
method. (a) Selection

of interpolation plane,
(b) detection of CFD
nodes, ¢ :the FEM

E2x

E2

node E, O : CFD node.
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BAARZ - EFREE

ZRTTNIET Y XZ £ YZ FHTO IRIEHN
e ZOWNFFHRORIRIIHMRTELEEZOND, K
R ORINE 12, HAE2x&bML oz XZ kU
YZ FHi~HERE L, BERBISLWHEOYE THET
1, WHOBEXSVWOT, COTFHZNEFETE T
CEThbH, BT L, HiHE D Fig. 3@IIRL
EWWEIIH L LT 5, BIREN2HA— T2 XERD
Y~ L2 EM Elx B Ely L) BWiE, ZoH
M XZ FRANOHEEHAEAILE VO T, WIFEFEHEIE XZ
EHE &b, Wi, His EAFig. 3@) E2fi @25 5B,
E2y #'E2x £ ) RV O THIFFEMmIZ YZ ¥ & 7% 5,
WNHFFHZROTHOWNHETAENICTMHE L THAE
FHEERESOICL, 420RBIZHD, BEHITOLEY
AT CFD g (BUF, BE#EEEA) & &
MHT 2LETHDL, FMICIZ, ROKRET HEE DI
%5z, Fig. 3bIIRT &9 %F 5 1 ~40 CFD Higs
BCOBEZIIHINADOT, ZONSOFH SR EN
o COYE, BEMAL LTE2LBO/MA3 LES
SROHE 2 LBk nwizo, REEXEEZ D2 TI2
WAL, F1RBEELARBOBREHLS (FRENHH
9 LHEIES) FRND FTHITA, $5L, HiMEXE
BB IRICNFEIIT R o TOHIBITZRITIEIK & 22

Fig. 4 Interpolation method. (a) Four CFD nodes (@),
(b), (c) three CFD nodes, the E located in triang-
le inside (b) and in triangle outside (c).

Main Program

Subroutine

OB LZELTHS, ES5ICTRILTHFTSD
DTHY, T "EERTHTFE LIFEZLICL 7,
DX, WifihiELZBRX5%, Fig. 4@IIHEisE & B
HHim L OMERREFRL, 40BN ZNE
L Ld (Left, down), Ru (Right, upper) 7% & Tidik
Th, ¥/, BHEHA LD L RAWERSEBLHEE
X=Xe HMOXHEDET L L, ZODHDZEEE
Zp RURE Tp \ZFEE X I3 2 8BREL D R
b, Plazsifs e, RE Tpidisld L RADZ
NEFENWRE Trp R Tep 5N L h kD B,

Tp=Trp(1=1p)+ Trpfp + + * + - 8y

ZZT, hp= XEL/XDv Xgr & Xp DFEWIZ Fig. 4(a)
IZRL72,

FRD K ET, Fig. 4@)lldh s UBO ZEEMEZy &
iR Ty bkoohb, §4L, ZEWIIHLT, BE
MM L VEI A EORE Tg 20k 5h, A
M9 57— EBIHERTE 5,

HE, HEEOR ) BRSNS HKi-THH, b
ROPIENITR BH, HHEDNEFNVOHIRIZDH BHE,
BEEEEN A% 3 A (Fig. 4b)c), FhiZiE 3 mblFL»
BhZenwr—235H5, 3875r—ADOH4E, Fig. 4b)
DEICHEERHALD L LuidES2 2 EMEL, )&
DNFRDATR B0 72720, BIREPZARIHTFATY
ZwhE (Fig. 4c), KDERCICER S LA, B
NEIHEE 25, SMERN & L TEIAEX=ZARICAS
vy (Fig. 4€): Zepp/Zyp <1) EBL TS,

BT, ZONFEZEFTTELA VI —T 2 —AITD0
TihRB, A4 7255 KTHAIE (Interpolation)
HITN—F D 7uF ¥ — % Fig. 512HIRJ. Fig.
S@)A L Y TUTFTLATAy Vafilmifh D/ A —
YO TANL, HEOEE, BELZE,2REHTL7 7
ANF—FDAMHIEAL Y QRUEG), 7 V—F D

D
Data File
Parameter

el o]

Call Open Data

Order <
(@ (Wlth one item)
@ @

Comparison (with ||
Call — X,Y,Z coordinate)

Comparison

G B megotaion ]+
=
%

K
ORI EE B T W Ot O EF RN E

Call Write
®

@@  (b)

B R A RERT 5
Nxz=Ld+Rd+Lu+Ru

MERIEEFE
nam

it Fe —~l R BHIACH TR E

Fig. 5 (a) Main program, (b) interpolation subroutine of interface flow chart.
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Open Data, @ Write Result, RU'»5HE (#2132,
MRS A EOER L) F—2EFIITEH
LEAAL VB, YT V—F @ Order & h EHiT 5,
Bk L= e 5, BESSoOKE, RUONE
TL5IEEFEAL @, T NV—F @ Comparison, @@
Interpolation & W £ $ %, Fig. 5(b)idH 7 Vv —F >~
Interpolation ® 7 0 F ¥ — b+ #/~%, Fig. 5(a)ildH b
# 7 )V—F ~ Comparison & ) ¥ &7z CFD #i &
(LLF, #Eis) #% Fig. 500)D® Lo Tt L, B
BE S OB E @D Nxz (<Ld + Rd + Lu + Ru) TX
To S, MIRL-BEHSOERLD, SHBICH
5Ld, RAZEDERIIBEEE SOBEIZLS 1 F72
O L2ERAENT & &R b, SRROBEHEE LASF R
RN ho7: Nxz <4) &, o, BEEH S Lo
PATHOOEE, MHEHESORNEZE DIZIKLT
7NV —F > Comparison & Y & o &%V HE &% B
D A&, FHHEY 7NV —F » Interpolation % EI79 5,
Ln %54 < Th, Nxz<4tZol:BAE@REHSE
EIREREI A L 5, MBSO SESRO LD,
COMAEBREFE LT, @BOOWOVFALIZLIA
V) #T B, TDE I, CFD F— ¥ 2 MEMRAT~
WHY A4 25— 72— AR SN B,

Wik, BELIEZA V-T2 —20B#ICB VTN
BEERT S, RO Y 7 A VK= F 3
T4 =<y b DT 7 A NEERL, BIEITEIENER
ZUEEZAEBHMEF TV, QBN D S, Bt
TRHE (Z) HIANSITFHTH S &) FBERRRE L
72, EIL, ZORRBESEZEOHMAOMEE XY
FHANKEHRS —FIRCEBRTE L, T5&, Him
EZ&tMAb ol = o0 RBELHE~&E L nE %
AT, —FLVEEFHE % NEEE & 3L, F0R
REEBBRERY, Fig. 6I2RT LD 2—MeEFN
CHBEHIND, QEESHRTH Y, BEITHBEL WV,
WA EICH LT, EMPLERENSHS IO, 22
T—HlE LT, XmOWNFTHELDHEE RV,
Franke K 500)D 5 # e KB L F— s h LD A L —
APFREIE B TAL, ZOHERARFTOHE
E (x, V) IZH4YTIAME L EVE N L 18 (5
74V ME) BRHEL, TROOHE»SEHAE (X,
V) STONMOEELERL T, RNEROAFET
Q (x, V) O2KkMETH6 BORKERD, ME%
PERR L THh 5N %175 72 Franke KK 51X Fig. 642

Table 1 Ratio of errors between the present
interface and Franke et al. method.

Points Max Mean SD
25 1.82 0.67 0.98
33 1.05 0.67 0.94

100 3.36 1.22 1.98
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EIZBLTKEWEAIN D 575, FHRE I PEERFE
3ARA ¥ FEA1000 Y P EBWT, MELZoTw
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¥/, AEOBHE, CFD OfifSfHmAsT v 54T
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% (Fig. 7(b)=FN) 12H 5137, FEARMIZIZ Fig. 7(a)
FHERLS (REEH) CERL TV LEHIRF - IMERER
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RO HNT, TSR 2MKEHEE O L TR
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BARAXZ—E 225

EFTNVEA OFMEEOLET BER), BEHST A
¥ — O, TFIVERE (EETFEHEETVORE
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r—ADT—% % —EICNEBY 5, ZOHITIIEHMES R
FADIBHFIE LT LD — e kiR 5,

J(x,y)= 0.75exp—|:(~9*""2)2:¢_:‘1)2]

+0.75€xp[—M_ M}

49 10

—-0.2exp— l*(9x‘4)2 ‘(9}’_7)2J

+0.5exp— [M%(g}ﬁ]
Errors
Point | Max | Mean SD
25 0.1584| 0.0353| 0.0486
33 0.1844| 0.0340| 0.0478
100 | 0.0573| 00079} 00128

Fig. 6 Franke et al. interpolation model and its errors © .

HEROBEIRY 7 b TIITEEL BOBEDRIRIE B
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Fig. 8 Ratio of Von Mises stress normalized by proof
stress 0, for TMS-75 superalloy.
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950.
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(a) Temperature, (b) Von Mises stress in section and (¢) Von Mises stress in surface

of near the trailing edge, from the analysis results of TMS-75 superalloy.
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Fig. 9 Frequency distribution for ratio of Von Mises stress normalized by ,. (a) at various heights of
7 axis (for example, H10 indicates the nodes located on 0%~20% height) , (b) at various surfaces
(for example, InS indicates inside surface of suction side).
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Optimization of A Turbine-Rotor-Disk Structure for Inducing
Compressive Residual Stress around Center Hole by means of
Over Speed Rotation
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MACHIDA Takashi

¥ —"J)— K ! rotor disk, reliability, optimization, residual stress, over-speed spin

Abstract

To improve the fracture strength and fatigue life, compressive residual stress is induced around the

center hole of turbine rotor disks by means of over-speed rotation. An optimum rotor—disk structure -

a reverse-tapered structure to induce equal compressive residual stress around the center hole - was

developed.

Over-speed rotational tests were performed on several rotor disks based on the optimum structure,

and the residual stress and radial residual deformation of the center hole were measured. Moreover an

elastic—plastic finite element analysis gave residual-stress and radial-residual-deformation values close

to the experimental ones.

Therefore, it is suggested that adopting the reverse-tapered structure can equalize the

residual-stresses on the surface of the center hole, and improve the fracture strength and fatigue life

of the center hole effectively.
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Fig.1. Initial shapes of rotor disks for optimization.
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Fig.2. Typical dimension of a rotor disk.

Table 1. Parameter of initial shape of rotor disks [mm].

No. Structure L1 L2 L3 Pa ®b
0 original 80 742 683 60 80
1 Ref5 96 742 683 60 80
2 Ref1 80 89 683 60 80
3 Ref4 80 742 82 60 80
4 Ref2 80 742 683 12 80
5 Ref3 80 742 683 60 96
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Table 2. Material properties of A5052.

Elastic modulus (GPa) 71
Poisson’s ratio 0.34
Density (kg/m?) 2680
002 (MPa) 103

o (MPa)

Stress,

Fig.5. Stress - strain curve of A5052.
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No. Name L1|L2]L3]| dal db

1 Jloriginal shape 80 |74.2]168.3] 60 | 80
2 lontimized shape 1| 60 | 80 | 80 | 60 | 80

3 Joptimized shape 2| 60 | 80 | 80 60 | 120
[mm]

Fig.6. Rotor disks for over speed rotation.
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Fig.8. Rotor assembly for over-speed rotational test.
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