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Abstract: In order to study the pressure characteristics of Francis pump turbine flow in the peak zone
inside, with a pumped storage station pump turbine as the research object, the whole flow channel un-
steady numerical calculation was conducted for the model unit. Combined with the test data, the pres-
sure fluctuation characteristics and flow characteristics at different positions in the hump flow under the
pump operating conditions were analyzed, and the impact of the flow on the unit pressure fluctuation
characteristics was discussed. The results show that under the hump zone operating condition, the pres-
sure pulsation at the volute outlet is mainly affected by the internal flow characteristics, and also affected
by the upstream dual cascade role. The pressure time domain change periodicity at the minimal value
point in the hump zone is disturbed. The pressure pulsation frequency between the runner and the guide
vane is the low frequency, and the second frequency is 9 times and 18 times conversion frequencies. The
pressure fluctuation amplitude increases with the flow rate decreasing. Cone tube pressure pulsation is the

low-frequency pressure pulsation. The upstream pressure fluctuation of cone tube is greatly influenced by
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the dynamic interaction of the downstream runner-tail water pipe at the minimal value point in the hump

zone, and there appears the pressure fluctuation of the high-frequency component.

Key words: pump — turbine ;hump characteristics zone ;unsteady-flow ; pressure fluctuation ;

internal flow
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Fig.1 Geometric model of whole flow channel of
model pump turbine
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Tab.1 Operating point parameter table of active
opening a, =21 mm

I‘{J‘_[‘“lﬁ Q/(m3-s_1) H/m N/ kW 17/%
OP. #1 0.228 55.52 171.32 72.0
OP.#2 0.264 54. 46 182. 18 71.5
OP.#3 0.271 54.13 184.38 78. 1
OP. #4 0. 286 53.40 187.55 79.5
OP. #5 0.307 53.50 194.24 81.4
OP. #6 0.316 53.83 200. 27 85.2
OP. #7 0. 350 53.46 211.81 88.6
OP. #3 0.390 50.90 218.72 89.1
OP. #9 0. 450 43.00 228. 56 82.3
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Fig.3 Performance curves of Francis pump turbine

3 FEEHEERSHMN

TR IR K FE AL P A8 I 25 2 25 ) i |) b A
B5) A& Mg SR I = 4E i i i 8. B CFD -
POST R0 4> 00 A AR 2 H R 4 R kAT )5
AbFR, BePRBRIE X 4 A HATRRAERY 00 4 BRI X AR
FKAB T 85.(0. 8Q ) H/ME T I 5 (0. 7Q ) JBE
W DX A7 AR 3 T B0 AR (0. 6Q0, ) /N I B AL
(0. 5Quee) 13 BRI F .- AL 7 X L3 37
FOE AT LT AR B U IX LS A R SR A, NI
W DX AR5 ) AL PRI
3.1 BN=HE

Y By 2 b g3 A BE A A PN I T K Bl

AL, W TR BT 1 AR e 1T RS BRI R
KA SRS F 07 A s T M ) DA 0 A% R A Y




K, F

R IVK R KR BE I X 77 Ak it

o
NS

ep, FARSERSH

(2) W358 [5G B a3l Gt 0 i A B

B-B c-C
SP1 I! SP6
SP2 ‘& SP4  SP7 SP9
5 5 |/ |/
SP3 SP8
C C
SP11
Pl SP14
P15
SP13
SP16

(b) JR/RKETE I A

&4 s
Fig.4  Pressure monitoring points
AR5 W, 10 548 s D A B 7 L B I 1) 7
ASAE IR, FEAE Origin B4 oo X B EA A3 23 A

AR S HOTX P S o G 45 )

A PR MR, FEi st
AH (P -p)
H= p

Aot SR AU AT (. % sp, 45 e

I 20 4 I, Pas p S48 0T W I s X6 I ) T R
By JMH, Pa.
3.2 HR5EH A4 E Bk Eh 41

a5t FR K SR FEHLA TO0T A9 8 1 A
S22 HETCEL s g ok 3 0 S RE A8 X T AT i T
BKSARBUA B 1 g, SCH i T BB K B HL o
et AR I A s g Bk sl AR B TS Sy et
AU IX 4 AN AN [R] T80 A BRI SRS P M e R
MR LA Y, B0 DR R(E T 00 A% (0. 8 Qg )
U X FRHR T 00 A (0. 6Qyg, ) L/ T 00 i
(0. 5Qugp ) 1X 3 AN LBL LAY IR TTZZ AT, AR /ME
B (0. T Q) &b, J 7 I 3802 A0 11 o 3934 B e
IR, W 7e A L B PR B A R 45, IX 2 IR AR

(1)

A5 FoAh T AN R A B P B ]l 0, 4 A T
DU B WEAELTE AR 5 AR AT, 70 B0 XA R (B 00 s T
Sy 7 1 s ST KB AN 0. 16 fFAEd, L 9 1%
FW(9 AEEEM RN Fe i R ) . 7E 0. 7 Qe T
DURER 2 EWAE I ERAG 7 1) A Jig , SR DL
IR MU RS 0. 6Qp AU 0. 5Qu, THL, 55 1 £
43 A8 R 0.10 F5 R 0. 13 5 5% 4, i {4 5%
0. 7Qu TOUIA T LT AE O ~ 3 AFHMAL 1)
KB AE 0. TQpep T 00 522 0. 8Qyy T 0L AL 1Y
25% . A5 AR WA , EFEIE X T 0 R Y AL
BN S 3R L, A B PR B 4, ELAE RE
PR T A U 3 77 16 1) T Ui A5 . X 2L e I 3 Bl
AT RESEIASE AR H BRI S I 2 — T
XS A A A AT 5 1R 5S 1 0 Y i

(a) ISk
0.001 0T
0.000 8-
= I
< 0.0006
< . 7
0.0004r U'SQBEP
e 0.60
0.0002f k 070,
. 0.80
077200 200 600 800 1000 1200 o
Mz
(b) g

FS R7eth AR i ) Bk sl i
Fig.5 Pressure fluctuation characteristics at volute outlet
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Fig.6  Pressure fluctuation characteristics between
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Fig.7 Pressure fluctuation characteristics in cone tube

4 % it

1) U5t IR s ) k3l 3228 32 21 H 0 3 3l
FRE RN , [5] F 52 21 i X080 it WA 03
TESE 0 DA /IMEL T B0 A Ak T s Jal 7 b J] 9
B IR

2) AEF M e e A I Bl X e s g bk 2l A
DRI, 565 2 T 9 AFHAAN 18 1555, Fo K )
Jok sy (A0t 5 O e i/ T3 K

3) HER PN T Bk sh AR e AR AU 1 Bk 3l £ 5E
W DX A/ IME T B0 S AL, HEAE L 37 T g ks 32 7 i
e - FOKAE s WA R MR, BT
)il esi

52 3Lk ( References)

(1] M. HoKERARBARIM]. Juut: LA Tl G
Rt ,2000.

[2] e ARFEARBIAREHBITHPEHTT]
K HL L4 A 2001 (2) 18 —20.



FHEE,F  BRIUKRKEAIEE X £ Bkah it

[3]

[4]

(5]

(6]

(7]

[8]

(9]

HU Xuguang. Preliminary study on the non-steady-ope-
ration of pump — turbine [ J ]. Mechanical & electrical
technique of hydropower station, 2001(2) :18 =20. (in
Chinese )

TRT bR, B KR EE LR A K 00
oM T]. K I3k, 2000(3) 175 - 83.

XU Yu, TANG Xuelin, WU Yulin. Three-dimensional
turbulent flow analysis through a pump - turbine runner
at pump modes [ J]. Journal of hydroelectric enginee-
ring, 2000(3) :75 - 83. (in Chinese)
RIS, 2 A, P TR K e BILAR A P K A
()], KJ1%&H,2011,37(14) :50 - 54.

CHEN Shunyi, LI Chenjun, ZHOU Jie. Prognosis on
the stability of pump — turbine and the countermeasures
[J]. Water power, 2011,37(14) .50 - 54. (in Chi-
nese )

BRAUN O, KUENY J L, AVELLAN F. Numerical
analysis of flow phenomena related to the unstable energy —
discharge characteristic of a pump — turbine in pump
mode[ C]//Proceedings of 2005 ASME Fluids Enginee-
ring Division Summer Meeting. New York: ASME,
2005 :944 -949.

BACKMAN G. CFD validation of pressure fluctuations in
a pump turbine[ D]. Lulea; Lulea University of Tech-
nology, 2008.

TR, R, REE, S RIRAUKIKE LT
BB K e (], K W24, 2012, 31
(6):253 -258.

WANG Huanmao, WU Gang, WU Weizhang, et al. Nu-
merical simulation and analysis of the hump district of
Francis pump-turbine[ J]. Journal of hydroelectric engi-
neering, 2012,31(6) :253 —258. (iin Chinese)

EPURIE. TR KA HLGENE X 5 S” DR (R AL F 52
[D]. MR MR EE Tl K%, 2013.

YAN J, KOUTNIK J, SEIDEL U, et al. Compressible
simulation of rotor — stator interaction in pump — turbines

[ C]//Proceedings of 25th TAHR Symposium on Hy-

[10]

[11]

[12]

[13]

draulic Machinery and Systems. Bristol; Institute of
Physics Publishing, 2010.012008.
FIRED, XU KRR, 45 K AR ML TO0/ i
HPFEIELT ] BRI (L2 ) ,2011,45
(7) :1239 —1243.

WANG Legin, LIU Jintao, ZHANG Lefu, et al. Low
flow”s fluctuation characteristics in pump — turbine’s
pump mode[ J]. Journal of Zhejiang University ( engi-
neering science ) , 2011,45(7) ;1239 - 1243. (in Chi-
nese )

PHELIR 5K EE, BB, 4. Al UK R LR 00 T 5
W PG (B R[], 7K g & 2 4z, 2011, 30
(3):175 -179.

RAN Hongjuan, ZHANG Yao, LUO Xianwu, et al. Nu-
merical simulation of the positive-slope performance
curve of a reversible hydro-turbine in pumping mode
[J]. Journal of hydroelectric engineering, 2011, 30
(3):175 =179. (in Chinese)

PR BGE, BB, A5 KRB LA [F] S T
FAY eI REPE [T ], HEHE HLAR LA 2 4, 2016, 34
(1):1-8.

LI Deyou, GONG Ruzhi, WANG Hongjie, et al. Unsta-
ble head-flow characteristics of pump — turbine under
different guide vane openings in pump mode[ J]. Jour-
nal of drainage and irrigation machinery engineering,
2016, 34(1): 1 -8. (in Chinese)

BOEAR AR, i B /K AL T ik 3h B
MR [T]. K Iy k24, 2007, 26 (6): 111
- 115.

QIAN Zhongdong, YANG Jiandong. Comparison of nu-
merical simulation of pressure pulsation in Francis hy-
draulic turbine by different turbulence models[ J]. Jour-
nal of hydroelectric engineering, 2007, 26(6) . 111 -
115. (in Chinese)

(FTLHH  &&)

(493 |E



