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Abstract

EdgeM atching ( EM ) makes it possible to utilize tin e~accurate smulation of unsteady flw in daily design of

mulli blade mw tubanachinery The spatial relation beween the trailing edge of one blade and the leading edge of sequent

blade is taken into accounlt in m proving wiban achinery perform ance One single slage transonic axial can pressor and one sin-

gle stage stean tubmne are used as exanples m usmg M n which svo mplanentation m ethods are mvolved 1 e spamw ise

mtegration m ethod and full optim ization m ethod Another pumpose is to illustrate the potential of EM. Results show that IM

does provide unsteady design of wurban achnery an operable degree of freedan.
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Fig. 1 Baseline design of the campressor
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Fig.2 Baseline design of the stean turbine
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Table 1 M esh distribution infomm ation

p— Com pressor slage Stean wibine
Rotor Stator Stator Rotor
Pitchw ise 65 97 49 49
f Streanw ise 33 17 33 33
Nomal 33 33 25 25
¢ Paralle] 257 289 181 197
Spanw ise 33 33 33 33
Total nodes 35065 36913 20268 21588
Nearwally” < 15 < 15 <5 <5
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Table 2 Camparisons between S2 and 3D steady calculations

Cam pressor Stean Tuthine
Paran eters :
52 3D 52 3D
M ass flow ( kg/s) 20 0 19 61 41. 152 | 40 5065
Total pressure ratio 1. 48 1. 485 (1 5335 (1 5283
Isentopic efficiency | 2085 [ 0 8648 | 2085 [ 0 8735
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Fig.3 Instantaneous contour plot of entropy at
m id span of the single-stage cam pressor
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Fig. 4 3D view about definitions of SM and ST
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Fig. 5 SM -ST contour plots aboutm ass

flow oscillation at the exit
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Fig. 6 SM -ST contour plots about
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the isentropic efficiency oscillation
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Fig.7 SM -ST contour plots about the
torque oscillation on stator
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Fig. 11 Stator torque oscillation history
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Table3 Performance can parisons between the

baseline design and the two redesigns( Steady cam putation)

0 A B
Inletmass flow /( kg/s) 19 607 19 573 19 580
Outletm ass flow /{ kg/s) 19 605 19 572 19 577
Total pressure ratio 1. 4848 L 4845 1. 4852
Isentropic efficiency 1 8648 1 8609 1 8611

Table4 Performance canparisons between the baseline

design and the two redesigns( Unsteady cam putation)

T in e-averaged quantity 0 A B

Inletmass flow /( kg/s) 19 630 19, 590 19 620

Outletmass flow /( kg/s) 19 630 19. 600 19 630
Total pressure ratio 1. 4840 1. 4850 1. 4860
Isentropic efficiency 0 8680 0 8675 0 8690




% 26% % 4

PSR S B B B R IR ( 1) S 5 317

AN R AR 53 ik T LA g/ B T SEAR A X - S HL
BE AR € H Wk Eh S AL .

MRELLLRR 3 4R, R ARE # i S
HIPERE, i R L5 =4 W T SAE R ER D,
(B2 2 R 26 20 2 AN [ R B8 4 o, e KR /i 28k
0. 7% , X REAEE W 52 WS A 251, BRIk, {08t
SR BT Al SRR 5, KRR HEE W st i
FEMAEERE.

6 SEXULECN AT H#RIE

ot B AT T B R 1) AR 23 D R A A AR 4K 5
Tl SR W R .
6 1 SERILESHEEE
S oxt AT T SR AR FH St 2 2R UL IS, o H
i ek /N E 2y A kB X 5 R 38 ST 2 I ) R
T A U I ol X 30y P L Bk ) AL 1) ST -SM 5 [ 3%
B, WA 12 B TiEFREREK MR LREE, &
HL S, STHUETGEIN [ - L 1], JE A% R4 2% UL AT
0 (Q 248 O 535), HZ) H-FH A5 ik 20 08 {8 2 i 254E 1
3. Pl , 3K v W L Jok 20 e W 3 T 2R Bk B0 1 il )
JIRkBh S — R 0 JE, e FERm S K, (HEHAT N
IEARAD PR .
1.00
0.75F
0.50F
0.25
5 of
-0.25
-0.5 ;

=

0.75F e

Prgprria\
-l -0.5 0 0.5 1

SM

Fig. 12 SM -ST contour plots about the

torque oscillation on rotor

Bt B9 B br, W 1238 EL A (- O 488
0.48), B 0 5 Q 97)MANEU 5 &, XN #h -
MkBhIEAE AR EER L 6 F 2 e, (HiER 5 R R
SE T VH LR I, A Bk 2 I R 3% TRIAR /), 0 A A P
Ko B R e B e R R E SR S
SFECA AT IAN, PR TS T R 2 T iR BN e R R
JT RIS AR A, BV OB e A B 2 R R A R A
EZE K. BT, F=ko g B RIER R E

YT, (BAE SM ST 5K W P 3R 21 BY £ & i s B AT 82
Hik s i e B i) 2 s R . Rz, R BER B — A
P A B H AT 38 Bk 3h e By, B4t AT BLE A 36 e
Bl R R 43 T SRR UL L 8 RPE. ik, FRATTIE Y
HHE C(Q 027  001), H H tws2 B 5 bk 2h i {8 B
IRBINIIER 7 20, BA&IEE F TR R K IEE
SERRIE BN EMER 100, 265 & BAS A 2 5, (B s
SEPL T RKEMERE R E bR, R 8 6 RlAIH TR AR
=Y AR E N BUE B P 1 R g R, HEGR
B, A5 AT PR AR A B P R ) AR 43 5 2k 1) o BE SR 1,
B 1385 T =R By ZRM = 4EsE R A .

Table 5 Perform ance can parisons between the

baseline design and the three redesigns( Steady camputation)

0 A B C
Inletmass flow /( kg/s) 40 42 41 51 42 42 40 21
Outletmass flow /( kg/s) 40 51 41 43 42 527 | 40 29
Total pressure ratio 1 5288 0 5295 (5312 | O 528
Isentop ic efficiency 1 8748 Q0 9039 ( 8851 | Q 920

Table 6 Performance can parisons between the baseline

design and the three redesigns( Unsteady cam putation)

0 A B C
Inletmass flow /( kg/s) 40 43 41, 48 42 51 40 18
Outletmass flow /( kg/s) 40 75 42 15 42 017 | 40 30
Total pressure ratio ( 5298 (1 5305 Q 5302 | @ 529
Isentropic efficiency 8748 Q9119 0 8871 0 924
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Fig. 13 Redesigns of steam turbine with the EM
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Fig. 14 Rotor torque oscillation history
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