BALEF 3
20234 3

KobofE WOR %

Water Resources and Power

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20221302

KEKBNEHEWFRIZITS CFD 91

EREVE K. B BRENL.2EW
AT g K2 RE VR S5 LR 44 BE Y198 R At 211100)

E: ARAKXKRRAKBIAFE TS, %3k —F e 45 B o LR AL S K R T 09 A 4 B 48 7%, AR IE &R
cHBAA@YKEF ML AR, BIWMTE oA RRESL S @GR B &R EEAN MR L BB L
BRI AT AAZX, B3 CFDH&MEEN, AWt R ARES SR OREH R E4ES TR
BUAE, IF 6 2 i e SR EG iR B 55 R J 4G o A HULATE AR s R R B R AR S8 IR A A
FKEBIA R RAKEE AU B B s K B S M

Vol. 41 No. 3
Mar. 202 3

hESZES: [TV734.1]; TK734

1 58

W 5E A g A7k 2 REAILZH /Y A T . A
T I 78 0 B K R K B PILASOR L 2 K R K B
BLAK TP RE B AT B 208 S, AN TR By g 72 B i )
I3 P9I 25 R L 2L R AT B e R 0 52
A BT D7 ik 22 g O 25 R i 3k JRE 0 AR A5 R R O
P, A g R il e o 78 3 R A A T 3 D0 1 3
SR B BB B BRI Y S A AL
S ZEL 5 DAt i 2 i 5 R R R 7 R A — B
RO AR A I 2 45 1 DR AL BT AR
MW IT AR Y S5 S CFD R 8L 0% 58 1Y 9 I 4%
P VR A 0 5 A A TR RS T LA o % LA 4
45 R 22 S PR A B/ i 58 AR g i i
T g DA T AR TRT o 8 ) AR I 9 RT3 B 5
K I HE I 4 A s e i (5 48K i ) il 2 L
T AWURH Ff J5E 2% 52 W 095 56 1) 9 T R ML T 4 A [
W3 7 A LE T 42 I8 8 7 19 D8 35 T AR TE K ) 85R
1 SRl b ALZL R AR R BN S, AR St
TP TR R AR AR LAY 2 (8 AR K T 5k
W57, 76 DR UE S e A2 1] 1 0[R2 g e [ R
JE SR G I8 A T I R~ il 2 B O E (LAY S b L
I 1 AT RS Rl L A R A R &R L IR E i CFD
RE AU R S5 R Bk T B Al

2 KREKBHERFTIZIT
KEEHLLTOLT W5 VE R 5 KB KA K

s HE: 2022-06-23, & Bl HH#: 2022-09-23
EE B :

NEIRERG: A

XEHS: 1000-7709(2023)03-0172-04

TG IS RN e I B 5 2 7 A K U P A A
SRR 43, PRIE K i BE LA /N 1 o £ 1E A [ 5
i BN SR LA K ik . FEK AL L
FEAL 3R R W AK A 38 43 2l B e Ak D i R K Sk .
EE XTI Fe T, BARIE AR K FE L T 00T Bk A 1
F49 7K T A AT R /IS S K I R A 2K L O IR
WEH A KR T PRk H S AR
FE KT BURR E B A, I 0800 W 58 I IR . AR
SCAR H A i 5 W [ A T T e OR AR R AE , H 51K
BBE I HE B R RE 0] 07 4 TH A AR Br . iX
Folr i 52 KR L T [ TR 5% 17T 0 7 A% ) R ~F B /)N L iR o
W A2 ) A T M Ay, Je R AE 27071
19 i OB TET G o A R DB T 19 3 M L TR B
L. ECHRA B0 AT 0 A R 4 S UK D) R AR AR
AN IR T A0 SR 23 W U R AH G T AR SORRE A i e
97K T34 R o B /DN 5 38 3k 388/ 1 7K T 46 2R 4 B
BN LA AR ] RS SR T N2 %
21 MEWMTELRSHY

HR A 7K ZR T 00T 5 F ol A 5 K R K Ae ALY
Wit S8, 7T E Q=230. 882 m’ /s, Wil # 2
H=318 m,#iE/KETH FHiLH B0 HRE
D,.D, 558 1 471. 1.2 609. 7 mm, H 0 & EF
B,=218.2 mm,

A OB R g e A2 ) 0 S Sk HE 0
B FT LKL T 00T B e S0 A 2 80
AL Ll N O T S BT B u: ) | | i DAER Uy i W
TH B R R FRAR [ a2 S I O KOO B L B AT A

ZEME R (1998-) , 3 - 55 A L B 55 5 1) R AR LA & T L E-mail: 201306020015@ hhu. edu. cn

BIESE: JE I 1966-), B, B HZ T  WF 5T 05 ) A B A AILAHCER 25 WE I % 5% 32 B E-mail : hhqubo@ hotmail. com



%41 %5 3

A MEAR A R ZE K EEHL A 18 9 7 i e T+ 5 CFD 43 4 « 173 -

N 58 R ML BEAR RS . A i 5 P B 1 T 349 38
FEAN KT IKFE AL 17 46 %5 3 B, AR HIE [ 5 v 4
et e As B EE St O B D=
4 000 mm,#E T & E B, =300 mm, 5 M3 0[E
JA 4y v, =23.775 m/s,
22 HEMTHBERT
B e e A 1620 BB T O Ay AR B DB R A [BRT BB T
YAl P A7 T AL o Bl Sl O K b i = 4
AR FR L B B 5T N KO — 4 S AT 4 i
A, 20 W W 5 JEBE R T A T s e P B R K O BT
RGRTEEAR r b B R HEE R o, BOE 3R AR
BNk, .
v, =k [@D)
Uy 576 T T PR 7K O TG A O D B, RV 5 DT T
DA TBR) R R Ry o AR, A ] — R b KR T
W 52 M T Ak i [0 ) S R A T A A AR S AR 1Y
(B3] Ji 85 L D
(D +2{)v, =Dv, (2
K, vy HKHE T 5EH O R 8 J8 RE ;s £ K
Uy 7 W TET A A R L RE IR B e PN A TET ) B T
L€ (0.2a) sa MG BRI RE s v, 8 5¢ W
8 7K s R B B R AR 24
A — AT A U B Q A5 T2 I K I R e
S#mmmR S nysfe s, s g m AR A A1

Q:Jvzds :Ja vz%«/az—xzdx (3)
— a

B ORAL ), ATAAE — i i & 5
SRR A PSR
o= g teE W
ffiT (O B T .
Q:%T:Dvl(1+§_—m)a+2“)) 5)
WA M MR E M2 b s a=
12 0.8, R A (5, d5e Ze Ak 13 15 2 i 52 AT — i 1
PRI o SR Z RN .
a*i a@ a@
2 bnDv, brv,
LA @, Fom MAT — Wi i 21 5 35 51 K & 1Y iR
SeHE H BT Z 18] A A B Q. 3R Tk AT — W T A
T, Q. TR WA KLY B &, I 5 i 5
AT — W 1T ) A A
Q: =¢.Q./360° (7
38 2ot 2 (6) AT 45 0 52 4% U 1Y I B 5 R A
BAPEIER 1 Pras, A 15° 8w S — OBE L v
M0°~345°, il 52 (2) (D W v, H51 .0 LLFE

(6)

*1 EimEBEHER

Tab.1 Data table of flow sections of volute

AR/ () W Q/(m® + s a/m v, l

0 30. 882 0.772 13.195 1.042
15 29.595 0.755 13.221 1.034
30 28.309 0.737 13.272 1.019
45 27.002 0.719 13.311 1.007
60 25.735 0.700 13.374 0.988
75 24,448 0.681 13.424 0.973
90 23.162 0.662 13.458 0.963
105 21. 875 0.642 13.515 0.946
120 20. 588 0.622 13.551 0.936
135 19. 301 0.601 13.607 0.920
150 18.015 0.579 13.684 0.898
165 16. 728 0.557 13.730 0.884
180 15,441 0.534 13.789 0.868
195 14.154 0.510 13.858 0.849
210 12. 868 0.485 13.930 0.829
225 11. 581 0.459 13.998 0.811
240 10. 294 0.432 14.046 0.797
255 9.007 0.403 14.123 0.777
270 7.721 0.372 14.207 0.755
285 6.434 0.338 14.341 0.719
300 5.147 0.301 14.467 0.687
315 3. 860 0.260 14.541 0.668
330 2.574 0.210 14.860 0.589
345 1. 287 0.148 14.959 0.566
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Tab.2 Grid independence verification

Jro WRGERIAE BRRIRE KBl TR KETHR
£ OB/10"A B0t A BERROR/ % SRR/ %
1 69.56 442.01 93.95 93.02

2 81.28 565. 33 94.08 93.16

3 92. 26 630. 98 94.19 93.23

1 110. 82 787. 67 94.17 93.19
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Tab.3 Volute hydraulic loss
WKk MALE KA [TES

T8

ik /m  Kk/m  EKR/U O OME/%
KECHL T 1.33 303. 79 0. 44 99. 56
KET 2.95 317. 67 0.93 99. 07
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Fig. 2 Planar pressure and planar velocity cloud map
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Fig.3 Pressure cloud diagram of the volute section
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Fig.4 Volute streamline diagram
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and circumferential velocity moment
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Study on Runner Optimization of Bulb Tubular Turbine in A Certain Power Station
WEI Zheng-peng' s MENG Peng' , CHEN Wen-ging”, LI Lin-wei' ,LIU Yang'
(1. Huadian Electric Power Research Institute Co. ,» LTD. , Hangzhou 310012, China;
2. Chitan Hydro Power Plant, Sanming 365000, China)

Abstract: A turbine runner of a certain power station often produces cracks due to excessive blade stress, which
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threat to the safe operation of the unit seriously. To solve the problem of the turbine runner blade stress., based on
RNGk- € turbulence model, the modeling and mesh of turbine components were carried out for a bulb tubular turbine.
Through the runner blade thickening and angle optimization, CFD technology was used to optimize runner hydraulic per-
formance and strength comparative analysis. The results show that the stress and deformation of the optimized runner blade
are greatly improved., which meets the actual engineering needs and can effectively avoid the generation of runner cracks.

Key words: tubular turbine; optimization; hydraulic performance; flow field analysis; stiffness and strength
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Numerical Simulation of Spillway Aerator Position Based on VOF Model

ZHOU Kai'?, MU Zhen-wei'”*, ZHANG Hong-hong'*
(1. College of Hydraulic and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China;

2. Xinjiang Key Laboratory of Hydraulic Engineering Security and Water Disasters Prevention, Urumqi 830052, China)

Abstract: In order to solve the cavitation damage problem of the spillway with high head, three schemes were pro-
posed. The aeration tank was added at pile number 0+130.73 , 0+161. 78 and 0+186. 39, respectively, and the corre-
sponding Fr was 6. 65, 7. 91 and 8. 53. By means of RNG k-¢ turbulence model and physical model test, the aeration con-
centration and cavitation number indexes of the section prone to cavitation erosion were analyzed. The results show that
the effect of adding aerator at pile 0+ 186. 39 is better than the other two schemes, and the bottom aeration concentration
is above 15% and the flow cavitation number is greater than 0. 3 in the section prone to cavitation erosion, the cavitation
failure problem in the drainage channel section can be effectively solved.

Key words: spillway; aerator slot position; VOF model; Freund number Fr; aeration concentration distribution
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Design of Fully Elliptical Volute for Pump Turbines with CFD Analysis

ZUOQO Peng-cheng,QU Bo,HUA Gang,YAO Yu-fan,JIN Zhi-yu
(College of Energy and Electricity, Hohai University, Nanjing 211100, China)

Abstract: Taking the mixed-flow pump turbine as the research object, a fully elliptical volute was designed, which
could meet the working conditions of the turbine and the pump. The ratio of the length and short half axis of the elliptical
section of the volute was guaranteed to be fixed. The worm shell was designed by its outlet circumferential velocity and
the circumferential velocity moment of each section, and the relationship between the size and flow rate of each section of
the volute was given. Through CFD numerical simulation, the variation law of the circumferential velocity of the volute
outlet and the circumferential velocity moment of each section was obtained. The distribution law of the velocity and pres-
sure inside the volute was summarized, and the simulation results meet the design requirements, which has high practical
application value.

Key words: pump turbine; elliptical spiral casing; hydraulic loss; numerical simulation





