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Effects of fin installation on pressure fluctuation
in a Francis turbine draft tube
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Abstract: To alleviate pressure fluctuation inside a Francis turbine draft tube working under
part-load operation, a fin installed on the wall of the conical part is one effective method in
engineering application. This paper investigates the effects of fin installation on the internal flow
and pressure fluctuation inside the draft tube based on numerical calculation. Results show that a
fin can change the velocity and pressure distribution around the fin. Further, the fin affects the
vortex evolution in draft tube and consequently changes vortex rope and pressure fluctuation.
Under non-cavitation condition, an extra small vortex rope occurs near the fin, which plays the
role of pressure stabilizer and decreases the pressure fluctuation amplitude in the conical part. It is
the interaction of the extra small vortex rope with the vortex rope in mainstream results in the
complicated flow in the elbow part of the draft tube. As a result, in the elbow, there is a slight
increase of pressure fluctuation amplitude. Under cavitation condition, the fin reduces the size of
both vortex rope and cavity, and suppresses the pressure fluctuation in the whole draft tube.
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Table 1 Geometric parameters of the Francis turbine
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Fig.1 Turbine model and fin
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Table 2 Operating parameters of the Francis turbine

28 HH
3 SEMIFE a0/ mm 12.175
Kk H/m 30.07
3 n/(r e min™!) 907.4
it g/(Les™D) 266.1

1L 0. 12(TZ 10

i 0. 04(Z54k)
1.2 HEEE

H1 T /KRB AL A8 9L 3l D P AR L ST R
B T8 SR A AR B AT AR B L RIRE K 5K 28 YR
UL A s TR R 26k 2 I P 1] 5 ] AR A ) — A 2
[ A o

49 T U AR ) AR A ) 5 R A

Ip
2Ly (oU) =0 (2)
dt
a(pu,) a(pu,u_,)i_ap
“ o T At
d al/t,' auj
lerel )] @

A su M p S35 BE R ) e F0 g 5300 S 53
Rk 2 BOR i AR R £ R

HHE AR ko SST i B R, 2 A (i
FH 3L F B 38 5 B Zwart 25 R AL Iy
28R BEAE T 53 5 9 3 (4-5)

. 3. —aDawe [2 max(p, —p,0)
m =C, —
Rb 3 (Ol
(4
3 , — ,0
i —C. pva, |2 max(p —p,,0) (5)
Rb 3 Q1

AP bR v AT 3 SRR ZEIR K, Co 5 Co Xt
IV 7% Jo 55 U 44 3k AR I B S B, i R LA 28 580 43 1 B
50 F1 0. 01, a4 VR Hf A% B9 PR R 43 4, B 5 X
107" o, NAERFRIE 5.

TR E 0 A O BUR A R
BN S IR 25 A 8o ) BRI B B

TeE B REMI A . THR U B DU o e X
MBS R o= n/60=15.12 Hz, 4 %R M 1k
Wk, EEw IR RS K EIREN T,/60
(T.=1/f., Wi HRAED . it BERER &R
T./120, A1 ¥R 450 W A% , 28 90 k% O 5 Pk 40
WG B B B & PIAR Bl 3 568 347,

2 FHRRWiE

HHEEREZTHRERM T

TR BRI TR S A BN S i
H B8 A R BEE R DUOIE T 5 0K Sk 254
Ho 5 S8 — B0 T N BT S 5 A U e
RO VL e d o R TE R 1 Bk 35 B DL AR BUE T
FRTTRENE . K 3 AT AT BB 5 A
K FE ML 2 S BRI ) B S B X . A
ATRLAE U A0 AR R 0 A X R 22 23 ) R 6.8 06 Al
3.6% Py j(Py s B A 2 PR (6 R %A B I
I i 3 Tk sh F BB AY o I T T SRS B A
FRMNTC ik 20 M (A9 AH X 15 22 70 00 S 2.0 %0 1 5.1 0,
BORBEIT A S L g R Z A — € iRk 22 . H 2%
1| B o N YTV 73 A R IRV TS |9 RS 1
AL BB TS Y 45 R AR AT SR Y, W] LU T2y
Hr B /KA v P9I Bl R I 7 Ik Bl B4 R AE

2.1

x3 HETESXBRITEMRSHM
ENBEE T (6=0.12)
Table 3 Comparison of turbine performance and pressure

fluctuation between numerical calculation and experiment
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Fig.2 Monitor points and reference sections
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Fig.3 The pressure fluctuation spectrum at

each monitor point (¢=0.12)
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Table 4 The frequency and amplitude of main pressure

fluctuation components in the draft tube (6 =0.12)
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Fig.4 The vortex rope motion in the draft tube
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Fig.5 The trajectory of vortex core on the section

where P3 locates (¢ =0.12)
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Fig.6 The pressure distribution on S1 and S2 (¢=0.12)
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Table 5 The frequency and amplitude of main pressure

fluctuation components in the draft tube (6 =0. 04)
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