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Application of High Efficiency and Reliable
3D-Designed Integral Shrouded Blades to Nuclear Turbines
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Mitsubishi Heavy Industries, Ltd. has recently developed new blades for nuclear turbines, in order to achieve higher
efficiency and higher reliability. The 3D aerodynamic design for 41 inch and 46 inch blades, their one piece structural design
(integral-shrouded blades : ISB), and the verification test results using a model steam turbine are described in this paper.
The predicted efficiency and lower vibratory stress have been verified. Based on these 60Hz ISB, 50Hz ISB series are under

development using “the law of similarity” without changing their thermodynamic performance and mechanical stress
levels. Our 3D-designed reaction blades which are used for the hign pressure and low pressure upstream stages, are also

briefly mentioned.
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Flow pattern design by 3D CFD (computational fluid
dynamics) results (46 in ISB)
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Comparison of root and steeple (46 in ISB)

ERAT & B AM TRAREAORE < v ~NUIBE D HBE
#HETEMT 20T, EHELy " IS L CEHERLE 7
TrANERRAL L,

—%, BHRCERBEEOM bIcxL Tk, ZRTGHEBREEE
Ik AEMLETEERL (K22R) BREHICHL THa%
BETEAT-720, ®uc, B - BBICOWUL, KEERERELE
WAL (F3S3R) Ik ) BUBRE2HERNH 60 %F TK
MRICERL 72, AR e—HKo—F A TRATIZEICE
D, SCCizxftL KEZEmuR LangER &, /2, CF NS
IZDoWTiE, RO BEECRbLIE S IEE (1
RKN5~101%) DAL > T7I0iaT7 FERA (M43R) i
I VIRENEH 2RI, 20k ) ICHRIIMRLEEEL X
TRicm I T3,

50 Hz A 49 4 > Ri3 60 Hz F 41 4 >~ SR Z MUK HFH®
IZ & ) ElEEOHE, T4 5 1800 rpm/1500 rpm=1.2{&L
TEAF L. ZoBUEFFERECRASINTEY, B
Bi3BIcNT 28 A—E %5720 T ZEOBH L
— &%, 494 FH8IF 1500 rpm 44 4 > FEONEPEEZEH WA
TE&, NWHEZEL7u—4( FORKZ CERATE 20T, #Hk
2T T BB oRhER LIcERATE 5,

3. A FH, 46 1 FROKRIEHAB

3.1 RRI/-CEreaARRREHE
NAVFHE, 46 A FEROKRIERBE LT, TTERE (175

267

X2 =RTHBEREZICLD8BHT (461>
FR®) REBOBT» LB LNIER
FRUEIZE D RIR- RBONRABIFTE1T5 .
Pgni)te element analysis model (46in
ISB

B4 A>T730259 FRIgE (46 1 >FH)

BE#EH & i
I NEFODVBEL L NRRDS ~10ENEF I o 72 ERT L
Iz & IRBHG S BRI 72,

Structure of integral-shrouded blades (46 in ISB)
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0.48 scale steam model turbine with 46 in ISB LP end blades
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Performance test results (46 in ISB)

=6

WEIRIR T3, RRERBEAN, BEAD - HOTEY %%
BIENT > 2 22 b R EHEICHB L TES, RNAER
HL7 (M6 (b)&m]. _

NS DFHRRERELTICRT. -

(1) EWRAMZT T BAMND LIEEHE COLEBEEGHS
Buc b7z, EEE B D O BIFLRIEREBIE 187,

(2) RESKTHBBBBHFERL T2 & 2B,
3.3 EBERER
RERBRE LC, BESECRBE 7> 7 LRERE2EMmL

T, BREIRE-> 2O TAY—2 - ) o7 ) > 72 k) BiRE

% - IREIE S 2 ERIL 2.

EEHECRE Tk, EHAN (KR, HAEZE) LBwT,
EES % 20 S ¢ TRBE HIBRIGIC L 72 & 2 0BT £ 5
L7z, ZOFBREZHEAT, Xrr~UNekoiz (M7 (a)S
m].

7> 7 ARBRBR T, EREERIC BV CEESMERZLL
72k EDRFBEIGN RERIT 520, EARMER R L TE,
PREZEE X EEE, \WESH AL 2 (X7 (b)2H].

N5 DR E UTIZRTY.

(1) HREBEET— FiE, &, B4 27 UERC L +53%iE
FEELTWBZ L 2L, ZORBIIEINCERL - E8
REERBHABOMER L —5T 5,

(2) ERSEERIC BT 5EKE— FOESIGH I2ESRESG I

(b) BELERTHRBHER
BTN —E Y REMRRRE LRER 3RO 6 R THEBREN T2,

(b) ZA—/va—LERR
FHEE B ) ORFLEG AR, TLEXRTREDBHEBEHSIERL T3

Wtaric ik, B La CHB R,

(3) EAT, KEZROT > FARBIENL+a/NE 0w, F72,
EBBEHETT 79 FRRERT, toReICEETELZ L
BUHRRE R 550 mmHg T MEL W L 2R L 1.

4. BEERTHWEELEBHRMOIKET, RIERKER

4.1 B B

BEE, EELERBEOEHRCHL T, RALF—H#HE - F—
REEFHERNTLE=Z R TRE R KB EO LR L 2.

FTEZRITHBIRETREBRIZ, B2 EEHFAICNL TEIT LS
LIz & ) M 2 mEsc WA CEEME O BRAR 2L, o
R TCZRBENEEZIERL T 5,

4.2 BREER

0.5 25— LD 3EEFETLI—EY (M8ER) RBTHE
shEREH (B9 2HR) L REhEHa2EML 7.

RENEHRI T, 2ERBEAO, 2EREHEAO - HOTY F—F
RRENT R R b o R EHE, BAEmcBEL TER,
WNAELERL 72,

IN L DFRIFRERE UTICRT.

(1) F&HOEE LI LAE S B ) ofhRm LAER S Lz 2

L ERERL /2.

(2) SEEZRTREBETBRICED  Fil, SFEALEFERL T

WBZEEERLRZ.

ZEETHHE Vol 35 No. 4 (1998-7)




S
) 109 8 7

(£4#) (9—1:"/ /
200 |

400 |- /6
5
4

300
e
[~ 200} s
-2

100 |-
//1

ol L 1 1 1 T
0 1000 2000 3000 4000 <9_ l:"/)

L ! {

|
0 500 1000 1500 1800 (£4)
B &% (pm)
(a) # v >~NILIEE

E-S
N—FZy IR

REHN ()
8

REIEH (18iHE)

7 EBHEBRER W1 F
. ) EEEERETH
L e BB HEiRERE K & iR
Ei&ﬁﬁﬁﬁk{gﬁ:ﬁ BHEEETHDLZ L 2 HR
L7z, 8
[ﬁl?ﬂg Vibratory test results (46 =
(b) FBESH in ISB)

5. & El v

B WED - IWBYERE M MATLC, B eHiEE 4
A FR, 46 4 > FREZRARH L. BICEROE, SREME
PHEICTLRDICAr—LETNERSI— VEAFHRBIC L
LRARMIRBLEML 2. CNLORHERIZ, EREES—
EYORBIRCEAINBFLEEZRL (WS,

72, 1800 rpm4l 4 > FRZHEEREL 72 1500 rpm 49 A >
FEI3, BNOEBIRTIEICEA I NBRESETTH 5.

INLEMERER, BTN —CrnsBoEL80E, 8
BEEERDLDIZRKNICERT DL FI N5,

RERE (183 fE)

=9

269

B H

(b) EE=ERTEHH

0.5 Rr—IBRETFNI—E 3 ERDFEL=RIGHBER
FEEHR THREN T3,

0.5 scale air model turbine
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Performance test results
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