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Fig. 1 3 — dimensional entity model for a single

blade and a group of seven blades
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and a group including seven blades
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Tab. 2 Vibration pattern whose avoidance ratio is lower than the rating value under the design operating condition ( 3900 r/min)
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Tab. 3 Vibration pattern whose avoidance ratio is lower than the rating value under the
variable conditionl(2 242 r/min)

Sl L SR /Hz BRI/ Hz RIS R IREGETTR /% BT REBU/METE /% SATEE R
(kAR YA, 2653.4 2543.2 4.3 5 A BEFLAR
7 Hi R Yl By 2388.0 2543.2 6.1 15 A gt
7 2 Y By 2540.4 2543.2 0.1 15 CiNiEie
9 Kt Fr il Yl By, 2365.6 2543.2 7.0 15 ] Re R
9 HitF gl Ylle) B, 2541.6 2543.2 0.1 15 T REALAE

R4 ETIR2(FEA 2 730 r/min) B FF A 2 M E M HRE

Tab. 4 Vibration pattern whose avoidance ratio is lower than the rating value under the variable condition2 (2 730 r/min)

S PRB BUR/Hz WARJIBR/Mz SARIICR S R RSIEIT R % BT REMER /% STEER
7 HH s YimA, 3091.3 3094 0.1 5 AT REILIR
7 2 A W B, 3133.9 3 094 1.3 5 A AR
7 Al Yl B, 3228.2 3094 11.6 5 A e dtdR
9 Hitf i PiE A, 3104.2 3094 0.3 5 Al e k4R
9 HmF i P B, 3165.4 3 094 2.3 5 GRS
9 K J il Yim B, 3222.3 3094 4.1 5 Al REFLIR




%34 %

At S R T AR B o AR s AT R OC oA - 377 -

A 3 AR A0 1 M IR BN AZ S R AT,
AN R ] 29 A D) ) A, BUR Bl A A8 3R e A
PR IR/ N T RETT 2R 7 HOgH 9 HlieH
U B AUER B [ A AR AR T 1 By A
W 3R B, A R R 7T RE

H7AE T80 2 W R IR S AR A R A i, 7 2o
o Hmt F il iy Pl my A, F1) 1) B, B4 gl [5 47 5
FRAEAE T 2 1Y SRR T35 ( f = 3 094 Hz) B
T, A PR TT BE .

3.3 MAZEFEERZEN

3.2 TRAZAE M £85I /N TV I
Rt e (B A3 5 AR 0T 400 30 1) sl T 38, T A
JEI R 4 R K 32 8l N Y RE ) R R L R /N
KA

XF AP R, A AR, w2 R
UETEILIR F A T 2 A 5l /R ZOR M RE I 22 42
MTAE. BRZEAT ARSI 122 43P, 2200 H)
AR P SRR B B0 ) A 7 VF F T 41 5 218 LA
W FESCHK (4] 45 H T 3 Pk IRsh EIRA,
H A2 TTH 1 YT B, B4R S AL T 3 i fs
FIRAZ N, KB T80 19 B, BUHR 8l R 2 42
R IATRAN -

ANVRBTI: 712 A e Dy -
(o) kkko

(o.,) kykksk, o,
X o, —WHRMREE; o, —M R 4R35 7%
2 ST by R B IE R G b, AR W R
B IEREG by — N R B EREG b, —l BB IE
FREC ks AN S B E REG BRI IE &
B b, — W g R (A, =R R,

M4 i B2 s i v b RHE R SN ) 2 S VERTTR
R BEFRAR , Al I AR 1 N ) o, A
BEpsimEdhimit, o, AT (4) 1R
(CETP

o0 = 1.2(a, + 0., +0.) (4)
X o, o, Mo, —IHEEIEE.ON VB
U5 R ) AR IR A M T
3.4 MAZEBEERENKZER

XA T8 1 YT By BYHR 3l , B BRIB T A i
Iy SR LT 580, 1 SO [5 )0k, = 0. 8.k,
=1,k =1.3,k, =1,ks=1,k;=0.9,k, =1,%T B,

A, = (4, ] (3)

BRSNS Z,n JePRMNE HCLA, ] =100 AYZRJCH
W A 250 0 ) A BRITITF S 63 MPa, o,
3.92 MPa, it iR /)N, 8.0 0 J) Z AT, i
AZ(4) 150 B R AT - 24 1

o, =1.2(63 +0 +3.92) ~ 80.30 MPa

GG T 1 A G 57 R it 2 AR AN T 4
SRIE /AT A 250 MPa, B8 A (3) , N4
53N

o2 (o) | 0.8x1x0.9x250

" T (o) L3x1x1x1x3.92
= [4,] =10

TN 1 A Y B, B4R B i i AR
BRI EK -

=35.32

4 & it

(1) ZBRIB T R R4S T 148 T 2235801
T LA T 50N A BRIGIH A5 H - e R A3
J7 A AR — 0 B AR Ak, LA 4/ T )
JEIRAR B 770 MPa, I 558 B 3k f2 35K

(2) it Tl s ok 5 ZE 2 10 [ B8 )
A BUPR BT B m AR ) R A R . R T T
it Rl s 9 Rk B sl oA & BS Sk 11 4%
T IR Bl A A%

(3) BT 1 B i ) 9 A U ) A, 7Y
IR B [ A7 3 A 2 AR 3 B, 7 I R A 9
SUSCEH M R (V0 ) B B4R ol [ A 400 % A6 AR T80 1
) 5 A R T A SR I, Y AT g R AR kiR AR T
B 209 7 Ht 5 AL A9 ot i B U ) A, Fid)
] B, FU IR g [ 4G 450K A6 AR T80 2 19 g A3k I 1
T, T e AR SR .

(4) i 2 A2k T e fa e A9 4 30 Tk
Mo AR T 1 AL B 1 By B3R 3h 7 1%
HENZE B fE R IR S BN - TR SRR sh i %
EAERAEN 35, RFIFHZ 255 10, g R4
M SR -

S22 Rk

(1] SRARTE. PRAHL N BRIE S BRI AF PO 58 (D] I AR 1 AR
TR ,2006.
ZHANG Yin-yong. The research of the characteristic of removing

wetness in a rotor blade of a steam turbine [D]. Harbin: Harbin



© 378 ¢ W B NH TR 2015 42
Engineering University ,2006 (4] et— YREHLE I (M]. dtat: dE e, 1992,
2] Z=6040. IS RS HLIG 1B 08 5w B 4R s R M F A o SHEN Shi-yi. Steam turbine principle [M]. Beijing: China Electric

(D). dbzt: shEMARTITBE 2005,

LI Jian—zhao. An analysis of the vibration characteristics and serv— (5]
ice life of shrouded blades for the wetness removal stage of a ma—

rine steam turbine [D]. Beijing: China Ship Research and Devel—

opment Academy,2005.

AP SE. PRAEHLAR G Jr 3l Ty R A BRITA0#T [T]. v BH 3
TRAA5412,2013,32(11) : 46 - 50.

Power Press,1992.

TRECHLM: Jr o B4R 3 22 2 ) AR /N PR HLAS I BT
P shm e e A L] #40 & L, 1979(1) - 85 - 102.

Safety criteria working group of strength and vibration in steam tur—
bine blade. Safety criteria of strength and vibration in turbine
blades of the various stages [J]. Thermal Power Generation, 1979

(1):85-102.

ZHAO Ya-ying. Finite element calculation on dynamic characteris— ( L - - !F;"F)

tics of steam turbine last stage blades [J]. Journal of Shenyang Li—

gong University,2013,32( 1) : 46 - 50

R L AR
Exelon ¥ & GE RIFTR) THA. 02 MBI E—1THA R

DOI:10.16146/j.cnki.rndlgc.2015.03.017

¥ (Gas Turbine World)2013 4 9 — 10 A #3818 , 4t 3F THA. 02 MK A4 AL85 3T £ 2 GE 84 H ZRAK K
AR LB E A BIPAN — A BAZAR 2 B 520 0 MRALHE AR 3T 61% 09 BR S PEFR AL B AT

EAFIOAR,GE ER T RAEEE A MAFILNS Exelon f T4 & €H 4 >89 60 Hz THA. 02 X A&
BpLagiT

PR 4 &R ARSI 2016 Ao ) T EEAANKIE AT H S HA Mo 5% 1000 MW #5 2 A2 x 1
KAV /KB AHA L B A—AL K IE .

PR T b THA. 02 MR A S HUAR AL 423 20% £ % 69t ik o) R Ao b LR B 50, 3T Tk Rk feF AR,
THA. 02 #93% 512483 5 THA. 01 #9i% 3+ 3 2 A AR -

F R MR AT A e T

® THA. 02 ¥X & 4641

A(B) Hrzh &% 330 MW( A8kk4, 7HA. 01 3 275 MW) , #2443 4 690. 4 kg/s( 48rkik, THA. 01 4
5 575.6 kgls) ; M EPETAE R LABEARE IS5 THA. 01 48F), 5 51 4 41.4% 21.5: 142 619 C,

® BXAMAIR

BEARRABP ARG LT 2 x 1 BRATBIRE R G52 4k o) £ 4 976 MW ( A8k 4, 7THA. 01 2
405 MW) , %3k % 4 61.2% (5 THA.O1 #8F)) .

® SRETEIR fi fr E AL

F B B354 30 min R AT IR G HE IR E A4 s 20 & A5 vA 60 MW /min 3% 5T 3 K B 49 51 47 5F K
3] 40% F E 547

(HHER #i%F)



553 1 g f OE - 491 -

vaneless diffuser. Key Words: compressed air energy storage , centrifugal compressor, impeller, diffuser, aerodynam—

ic design , optimization

TR Fam EE YR 34 FR 0204 = Finite Element Analysis of the Strength and Vibration of a Blade in a
Wetness Removal Stage [11], 7 ] LUO Jing, YUAN Qi, LIU Xin ( College of Energy Source and Power Engineer—
ing,Xi’ an Jiaotong University, Beijing,, China, Post Code: 710049) //Journal of Engineering for Thermal Energy &

Power. -2015,30(3) . -372 -377

With a blade of 139 mm high in a wetness removal stage serving as the object of study, established was a three-di—
mensional entity model and finite element one of a blade in a wetness removal stage and analyzed were the strength
and vibration characteristics of the blade by making use of the finite element software Ansys. In this connection, the
stress distribution, dynamic frequencies and corresponding vibration patterns of a single blade and group-forming
blades under various operating conditions were obtained and in the meantime, a safety check was conducted of the
strength and frequency of the blades according to the calculation results. The research results show that the methods
adopted for calculating the strength and vibration can effectively simulate the real operating conditions of the blades,
thus offering reference and underlying basis for checking strength and vibration of blades and contributing to the op—
timized design and safety check of the blades and their kind. Key Words: steam turbine, wetness removal stage

blade, finite element analysis, strength and vibration

Z G W E T R e 2% 1) T TR BR B2 3 3% 43 A = Analysis of the Turbulent Flow Combustion Flow Field in a
Multi-step Swirling Burner [ 1], 7 | ZENG Zhuo—iong ( College of Energy Source and Mechanical Engineering,
Shanghai University Electric Power, Shanghai, China, Post Code: 200090) , TIAN Jia-ying, XUE Feng, XU Yi-hua
( College of Aircraft Engineering, Nanchang Hangkong University , Nanchang, China, Post Code: 330063) //Journal

of Engineering for Thermal Energy & Power. —2015,30(3) . —378 -385

A numerical simulation was performed of the non-premixed combustion flow in a three-dimensional multi-step meth—
ane swirling burner by using the Realizable k — & turbulent flow model and the influence of the number of steps, axi—
al speed ratio, inlet temperature and swirling number etc. parameters on the hot-state turbulent flow field in the
burner was analyzed. It has been found that increase the number of steps will make the total pressure loss to de—

cline, to increase the axial speed ratio will force both combustion efficiency and overall temperature to drop and the



