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Profile of pump-turbine
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Table 1 ~ Geomelry parameters of pump-turbine
ZH HfH ZH Kl
FeRE o 9 | R EEM ERD/mm  473.6
I 2l M Ho 20 | FRAREMIEAS Dy/mm 300
5 /mm 66.72 | S5EHE L B 42 Dy/mm 315
SRR b/mm 6672 | JBAKE HH EHAZD/mm 660
Wrttified(°) 343 | S ER D/mm 564
12 BASHHHEAR

AL R T A A2 - e RAE T 2R A =9 mm
AL T e KA IF B 2R 0, =30 mm |, 4351 R FHAE R D S0t
2B IF 2 AXTF 2x2(2 X)X TFH 4 A XS FRIF AR
VL Ay=9mm 22 4 AR R AP 5 0 1 4 85 07 s 18] 2
7N

a. W30 mm(ﬁ;.’% 1) b HFHFFMH30 mm(F%E2)

c. TIFS 30 mm( 7% 3) d. FITFSM30 mm (5% 4)
AN E IR = RS Al 7 R e G s A (O Y VA R
K2 FEFRESmETEnER

Fig. 2 Profile of structure of asynchronous guide vane
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Fig. 3 Mesh pattern of model pump-turbine
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Table 2 Parameters of test-bed
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T S 7Kk H/m 190
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Fig. 4 Reversible pump-turbine performance test bench
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Fig.5 Test platform of reversible pump-turbine

b. B HE RS

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

SEECAE AN S TR B RG ZR I B AILT R K Sk K O S8
B AT, SIS E D SRS B RS AT R P AT i v ]
PR AIE PR TEC A K MPRETR R

FESC G T B v, A SRR B Y 12 A T A DA
2 Fp I g O 2T S8, A3 N R 2B S A =9 mm R
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Table 3 nu-Q1i experimental data of pump-turbine

runner A999-30

GBS JEFL T 232 WG
B A B AL B A R LR VAT TN
ny/(remin™)  Qu/(m*+s™) | ny/(r*min)  Qu/(m*-s™)

49.9914 0.16920 49.9080 0.4580
55.4812 0.04615 55.4218 0.4178
59.0769 -0.11540 59.0700 0.3702
60.0709 -0.12540 60.0712 0.3211
60.9122 -0.12840 60.9002 0.2684
61.4592 -0.12880 61.4603 0.2329
61.8977 -0.12920 61.9001 0.1797
62.1906 -0.12960 62.1912 0.1224
62.4198 -0.13000 62.4201 0.0856
62.5731 -0.13040 62.5632 0.0576
62.8274 -0.13082 62.8304 0.0166
62.8810 -0.13126 62.8920 0.0066

0.5

0.4
—o—2x2WG a,=30 mm
0.3 HAx 16451 4,=9 mm
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0.1
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K6 IKEEHLEEFE A999-30 n-Qn SLER 2R

Fig. 6 n,-Qi experimental curve of pump-turbine

runner A999-30

MIE 6 By Seg i 2 nl & 75 5 A, =9 mm [7] 2R
R R 2 AT AR AR T S Y X, 1 DXl 2k 2R

http://www.cnki.net



26 *K [H

4%

KA HLAE T od B2 b B A0 “S7 45 PEIX . TS ARME
WAAAE WL A fE B T Rl AR e, mE 6l
B3 AL S S5 S R M A 3] T AR 45 A 2
ST LA 3 0 A JE [R] 25 S X st S R 2 — R AR G 1 T
G W | T2 7 S (1 1 I R 2B e 8 s e v 2N S B
P ARG 5 R, T b 1) AR SCHE S 56 %) FE Al ) R
=R A o G | B ) oo N i = W R et 2
O[S
22 FAIEMHEIE

AT S0 FEEE 3R O mm , AR [R5 S0 i
4958 30 mm , BUIE [R5 B0 200k 22 (2 3 ) (B IR A7 AT &
PERAIE . B 12 A T o0 3 = T 8 i . JRBUEIT B
S5 SR T BT J S BT A ) e U

—_ nDZ

N (&
_ 0

Q‘mﬂi (®

P DA AR B, mm,

il AR Q Fony, ARG HII Q) - ny FEPEHIZE
P A 80 6 il £ 5 92 6 oy 2 B E A0 00 L, S 2R AN P 7
AN XL, AL Q, AR ny, BT E SR
ERIAIRS IR ZE /N T 5% , AR ZEHAE ] H 52 B9S2 9, P
HHAT B W I LR E TS A AR AT A 4 T
e BB 9 5 v T A TR

JEE(mes ) T (mes ™)

21.797

16.598

14.398
7.199
0.000

a. A, =9 mm R IH

T (mes )
28.140
21.105
14.070
7.035
0.000

d. A,=9 mm( a, =30 mm, 2x2 X} FRA &)

L

b. A,=9 mm( a,=30 mm,2 MXIFRAE )

T (mes )

o1 L= it
e TN

56 58 60 62 64

n, [r-min")
7SR5 SEALEE N LY

Fig. 7 Comparison of calculated and experimental results
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29.831

22.374
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c. Ay=9 mm( a, =30 mm,2 MEPAE)

33.147
1 24.860

16.574

8.287

0.000

e. Ay=9mm( a,=30 mm,4 XIFRAE )
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Fig. 8 S1 flow surface streamline diagram of pump-turbine runner A999-30
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Table 4  Forces acting on runner under four different schemes of

asynchronous guide vane

NN
LI WIES F. P AF ZEAER{E
[F] 261 B2 91.24  40.20 50.96 0
ES! 9232 61.60 30.62 20.30
VE Y 42.34  14.01 28.33 -2.29
k¥ 1382.53 10240  1280.13 1251.8
T4 813.39  60.72 752.67  -527.46

T 2 P Fon 2000 — JE AR 1) 3 R W AL, AF S JLi
o TRVA2DXFRAE; TR 2 2 N ERME TR A
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Fig. 9 Runner radial force of pump-turbine runner A999-30
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Fig. 10  Draft tube monitoring points distribution
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STUDY ON INFLENCE OF ASYNCHRONOUS GUIDE VANE ON
UNIT CHARACTERISTICS UNDER DIFFERENT
ARRANGEMENT MODES

Li Qifei"?, Chen Xiangyu'?, Cai Ting', Guo Ying', Wei Xianzhu®
(1. School of Energy and Power Engineering , Lanzhow University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Solar Power System Engineering , Gansu Province, Jiuguan 735000, China;
3. Harbin Institute of Large Electric Machinery, Harbin 150040, China)

Abstract: Taking the pump- turbine of a pumped- storage power station in China as the research objective, the unsteady flow
characteristics of the full-flow channel of the asynchronous guide vane under different arrangements is calculated simulatively by using
the SST k- @ model. The simulation results are compared and verified with the experimental results. The inflow characteristics of the
runner and the guide vane in different arrangements are discussed. The force of the runner and the pressure pulsation of the draft tube
are analyzed quantitatively in different arrangements. The results show that the asynchronous vanes are damaged to varying degrees in
the high-speed water ring vaneless region under different arrangements, and the degree of damage has a great relationship with the
number and arrangement of asynchronous vanes. The peak-to-valley difference of resultant of forces of the radial force-combination is
continuously increasing, and the curve closure degree of the resultant of forces of radial force is also increasing with the increase of the
asynchronous vanes number; the relative amplitude of the pressure fluctuation of the draft tube pressure is obviously smaller and
improved. The cross-section pressure of the draft tube is also decreased and the eccentricity of the draft tube vortex is reduced.

Keywords: pumped-storage; pump-turbine; asynchronized guide vane; pressure fluctuation; numerical simulation
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