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Unsteady analysis of effect on hydraulic turbine under variable gas content

SHI Fengxia, YANG Junhu, WANG Xiaohui

(School of Energy and Power Engineering,
LLanzhou University of Technology. Lanzhou 730050, China)

Abstract: In order to study the effect of gas content on the internal pressure in hydraulic
turbine, CFD technology was used to simulate the flow field in a pump with the specific
speed of 84.5 as turbine, the distribution of gas and the effect of gas content on pressure
fluctuation in hydraulic turbine were clarified. Results showed that from volume inlet to im-
peller outlet, the gas content increased gradually, when the gas content was equal to 0. 2,
the gas distribution was not uniform, and in volume outlet and impeller inlet the wake effect
was obvious. The gas gathered in impeller outlet, the higher gas rate indicated the more ob-
vious gathering phenomenon. The influence of gas content on the distribution of relative
pressure was obvious, the relative pressure of each point in hydraulic turbine decreased with
the increase in gas rate. The gas content had little effect on the pressure fluctuation ampli-
tude of the monitored point at the main frequency when the inlet gas content was less than
0. 05, but when the inlet gas content was greater than 0. 05, the effect was obvious. The
bigger gas content meant the smaller pressure fluctuation frequency amplitude. In different
gas content the main frequencies of pressure fluctuation in turbine volute and impeller were

equal to the rotation frequency of the impeller blades.
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Table 1 Maximum fluctuation amplitude of pressure

fluctuation in volute %
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3b .16 2.43 1. 30 1.21 1. 31

[S2 NN

3c .64 3.25 2. 40 2.43 2.48

Time-domain diagram of circumferential pressure fluctuation in volute
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Fig. 6 Frequency-domain diagram of circumferential pressure fluctuation in volute
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Table 2 Primary frequency pressure amplitude of pressure

fluctuation amplitude in volute kPa
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3c 1. 68 3.04 1.7 1. 44 1.47
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Fig. 7 Time-domain diagram of radial pressure fluctuation in volute



2270 it

R

3

DA

LRV

e 7 iy 3a,3by 3¢ = A W A e e i
AT L AR 3 (FET) J5 453 3 A Wa il 5 9 J&
Tk UL IR 8. g5G k2 MK 8 W LUE

A% R U 0 145, 02 Ha, B 325025 T 0 )7
B o AN]SR 3 B9 FE AR (E 24 0 KL
LR @ =0. 05 4% Ui AR (H A K

32
£ £
24 = =
=
08 R
0 = =
| g =0
Jh}JkgEL.l.. =0.10 %K 10 3
et 70.20 P 2 =020 F 0.20 r'"w
0 10 20 30 40 50 60 — ™ 0 10 20 30 40 50 60720 ™ 0 10 20 30 40 50 60"
i/ T, /A
(a) Wil 55 3a (b) W5 530 () Wi 53¢

P8 W SE AR Il R 7 Ik 5l A P

Fig. 8 Frequency-domain diagram of radial pressure fluctuation in volute

3.5 SREXMHENENHRI

9 Sk It e P 0 A% I A T A ok 2l i deK
.2 3 O JLIE g Bk 8l i B R Bk sh i B2 . T LA
L7 SR R K S e R i /N T 8.9 KL =H Y
Jksh e T A AR ], 8.9 5K By BRI L . 8 SR )
ik ah e s A0 . X 7 S AT M fe ko B

655 e 1) Sl R A T L RS A R e Y
TR 8 A9 jAL TN, B2
Fe sl iy A I R0 AR L T 9 IR g Tk Sl W BE
F 8 A5 UREH AR50 11 B L R T Bk sl e
JE3G R AN T EL 5 Y A5 R0 T T Bk Sl i
JEE 8 38 K 5 N 45 s 1A T D Ik s e

— =0 —p=005 —p=0.10 - =0 = 9p=0.05 = =0.10 e 005 =010
ool — §=0.15 — =020 00 = 9=0.15 —~ =020 L PPRE B1 d
700 f
@ 600 ! ™
S
'@ 300f ' ” ’
zggl |
s X 0F . ﬂ
MO 022 023 024 025 0051 022 023 02 025 0051 022 023 024 025
i [al/s i al/s A1) /s
(a) Mg g7 (b) Wi 458 (c) M5 9
B9 mh4 N g ik h it 3k &
Fig. 9 Time-domain diagram of pressure fluctuation in impeller
£33 MBAENRINRXEINEE NG ERT R 145, 02 Hz, 8 &A1 9 B T 44, i
Table 3 Maximum fluctuation range of pressure BRI R B BEE R .7 S 9 &
. . . 0, VN N NS s = N2z
fluctuation in impeller % E‘J}Efpﬁﬂﬁﬁ@,WﬁS,ﬁiﬁﬁ:éﬁlﬁﬁ,é f/fn:
B ¢=0 ¢=0.05¢=0.10¢=0.15 ¢ =0.20 60 B3R A7 FE 20 kPa By iR i » X G #8149 B 78
7 10.76  15.03 11.04 10.43  9.87 — At S E A 8 A Rrsiik s .
8 27.14  27.21 24.83 23.24  21.92 3.6 SREMNEKEENNZN
9 26.56  26.04 24.08 22.77  21.47 FE/KAE N 10 150 R 7 ik 2l B 35 R 3k 1] L

10 J2: it 48 P9 425 s I o T 7 Jok 3l 4 s ]
A N N A S R T ksl EREAE . 7T LR
H A s L AN TR T T Wbk sl B 5 e E A [ 7
SR/ R L8 AR 9 A AR R KT
7R IR 45 TUR @ =0. 10 1F,9 fif
PR AR 8 LA 1. 35 A%, & 7 )G/ 15 1. B
BRI 5 5 R TR 7 K B 3R 2 A K

K11 R 12,

SCPATIR A A Bl v 48 A5 ) e B 3k R K
BB T e C TR L R R KA A R AT R
i 1B/ I Z BT e e A Y AR A
JFE KA AL IR 5 DR s g ok 5l e L A0 3 030 i L AT AR
JN s R A TR T kSl A EE LT AT L 220 AN
e ARIRER 3 B O R RS B R X T ) 22
SN s AEL 5 Ak 2l i (R 35 40 0 1427 D/



9 0

2271

| 4. £ £
i —50 = =
] - & i
| J30 = £
| o e =
i 10 2
AT
A!\__m P — _7/-/ 0
& AAA"A‘“ e n'”‘}.:\'!fka ] ,-Bf‘ﬁ
0 10 20 30 40 50 60 0% 10 20 30 40 50 60020 %
2 5 < 3 50 6 <
A A, S,
() Y5 527 (b) R 8 (c) Yl 59
B 10 % N s )k sl 4 ds ]
Fig. 10 Frequency-domain diagram of pressure fluctuation in impeller
4 MERNE ARG THRE N
Table 4 Primary frequency pressure amplitude of 4 g':é': e
pressure fluctuation in impeller kPa D W N BT E 55 SR FE T A N
WM ¢ =0 ¢=0.05¢=0.10¢=0.15 ¢ =0.20 M SR FEHE E 2] g, E RGBT, &R
3 = — F a7 M2 = / 7 1A
7 467 471 411 4.36 451 # ¢ =005 filip =0. 10 BHEF P m‘ﬁgﬁjﬁ@ﬂj
5] =0. 20 B 58 3 1SR B R 00 B 2, 4
8 46. 70 46. 3 45. 28 44. 33 43. 39 %ﬁﬁﬁ}ﬂj’ﬁo 4 Dﬁ’i{ZIS%%EE%,%{ZMZF
9 61.62 61.97 61.22 60.87  60.60 BUrBos s REB L B .
2) iV E S SR T W 7 RS Y A A
506 [ R 74 A 5 Wl B I B A OB 1 11 AR 1Y
I, T i S R N, S ol VS N
502 b o o~ S gzg-gjg IKAE T AN B S 5 AR, R KA TN R AR R

2 0F Ay 88

2 498 + N N

Yo 3 ETIO G H o (6T 0.05 0, 0%

Lot D ]

S i, 5 - 10 4 45 3 Ik 3B = A0 8 0 S K
492} SRR TF 0,05 B35 1 P 45 o5 Bl & MR FR 43 )
490 (380 e g Bk s EARE A B R RE. WL
488 o1 022 023 024 025 K B R DK B i B2 R 32 00 R R A o BRAE RO

Sl @ =0 HH ¢ =0.05 . & HEKT 0.05 J5 F
11 RKA I Bkah i s i (LT e L BB 3 RN T 0. 05 SRR )
Fig. 11 Time-domain diagram of pressure BHBILHNEBE N FEHMAR, EKFRKT 0.05 5.5
fluctuation in draft tube VRS A7 35 5 N E 1 B0 .
o S 3L
08 g
0.(!:-‘& [1] DERAKHSHAN S, NOURBAKHSH A. Experimental
0.4 EE_E study of characteristic curves of centrifugal pumps working
02 H as turbines in different specific speeds[]J]. Experimental
' Thermal and Fluid Science,2008,32(3) ;800-807.
:l_ﬁ 7,7682 L2] BInE FLER A m N, 55, 5 5 AR 3 OF 0 i OBt 40
it —70.05 03 O S B L1, 76 8 5 K A 2012046 (3) £ 36
= 020 7~ 11
0 10 20 30 40 50 60 « ’
N YANG Sunsheng, KONG Fanyu, SU Xianghui, et al. Nu-

K12 RKAE TR ik s $i

Fig. 12 Frequency-domain diagram of pressure

merical simulation and performance experiment on pump
and pump as turbine[ J]. Journal of Xi’an Jiao Tong Uni-

versity,2012,46(3) :36-41. (in Chinese)

fluctuation in draft tube [3] VENTRONE G, ARDIZZON G, PAVESI G. Direct and



2272

i LRV

[4]

[6]

(7]

[9]

[10]

[11]

[12]

reverse flow conditions in radial flow hydraulic turbomach-
ines[ J]. Proceedings of the Institution of Mechanical Engi-
neers:Part A Journal of Power and Energy,2000,214(6) :
635-644.

FERNANDEZ J.BLANCO E.PARRONDO ], et al. Per-
formance of a centrifugal pump running in inverse mode
[J]. Journal of Power and Energy,2010,18(4): 265-271.
DERAKHSHAN S, NOURBAKHSH A. Theoretical, nu-
merical and experimental investigation of centrifugal
pumps in reverse operation[ ] ]. Experimental Thermal and
Fluid Science,2008,32 (8):1620-1627.

SINGH P,NESTMANN F. An optimization routine on a
prediction and selection model for the turbine operation of
centrifugal pumps [ J]. Experimental Thermal and Fluid
Science,2010,34(2) :152-164.

SINGH P, NESTMANN F. Internal hydraulic analysis of
impeller rounding in centrifugal pumps as turbines[J]. Ex-
perimental Thermal and Fluid Science, 2011,35(1):121-
134.

AT, WA B K AR KR HLE AT MR SE L] B SRR
HLHL,2000(2) : 72-77.

XIN Binren. Study of pumps as turbines[ ] ]. External Big
Motor,2000(2) :72-77. (in Chinese)

PN e FL B A B R S K i R X R 3 O M R T R
LT AL 3% - 2012,43(7) :104-107.

YANG Sunsheng, KONG Fanyu, XUE Ling, et al. Effect
of splitter blade on the performance of pump as turbine
[J]. Transaction of the Chinese Society for Agricultural
Machinery,2012,43(7) :104-107. (in Chinese)

Ek AL B AR AL SR T R R R A
g L. Al HLARAAR - 2014, 45(12) : 75-79.

WANG Tao, KONG Fanyu, YUAN Shougqi, et al. Design
and experiment on pump as turbine with forward curved
blades[ ] ]. Transaction of the Chinese Society for Agricul-
tural Machinery,2014,45(12):75-79. (in Chinese)

LR HER AR E ORISR & e N
JE Wk LT]. i zs 3 ) 2 4% . 2015, 30(5) : 1228-1235.
SHI Guangtai, YANG Junhus MIAO Senchun,et al. Calcu-
lation of pressure fluctuation within volute of hydraulic
turbine under different guide vane numbers[J]. Journal of
Aerospace Power,2015,30(5) :1228-1235. (in Chinese)
SR WA SR N IR) DO R RO & TR e
W 7 Bk R L. s 3 12441 2016, 31(3) :659-668.

[13]

[14]

[15]

[16]

(17]

[18]

[19]

SHI Guangtai, YANG Junhu, MIAO Senchun, et al. Un-
steady calculation of pressure pulsation within hydraulic
turbine under different entrance sections[ ] ]. Journal of
Aerospace Power,2016,31(3):659-668. (in Chinese)
A3 > B A SR A AFL A REEX APL000 % 32 5 5% I 1Y
e W L) . PR35 i 2015, 34(6) . 132-136.
FU Qiang,XI Yi,ZHU Rongsheng, et al. AP1000 nuclear
main pump internal unsteady analysis under gas-liquid two
phase condition[ J]. Journal of Vibration and Shock,2015,
34(6):132-136. (in Chinese)
SI Huang, SU Xianghui, GUO Jing,et al. Unsteady numer-
ical simulation for gas-liquid two-phase flow in self-prim-
ing process of centrifugal pump[ J]. Energy Conversion and
Management,2014,85(9) :694-700.
A58, 2 R SR A AR A5 B0 BT S0UOTR IR A A
AR IIREPEREFE L], WA JR B LR K 2 24 4z, 2012, 33 (11)
1428-1434.
FU Qiang, YUAN Shouqi, ZHU Rongsheng, et al. Hy-
draulic characteristics of transient transition process of
gas-liquid mixed flow in a centrifugal pump[J]. Journal of
Harbin Engineering University,2012,33(11); 1428-1434.
(in Chinese)
AR, BT S SO A A T OB AR S
e S 43 BT HEE DL LR % . 2016.34(5) : 369-374.
LI Guidong. WANG Yang,ZHENG Yi,et al. Unsteady in-
ternal flow and thrust analysis of centrifugal pump under
gas liquid two phase flow condition[ J]. Journal of Drainage
and Irrigation Machinery Engineering, 2016, 34 (5) ; 369-
374. (in Chinese)
W F R B AR5 W) A B LB BB A M.
2PN TR 225, 2013,39(6) :49-54.
YANG Junhu, XIA Shugiang. Numerical analysis of hy-
draulic turbine operation with gas-contained medium[ ] ].
Journal of Lanzhou University of Technology, 2013, 39
(6):49-54. (in Chinese)
W7 VRS SO AE A BT 2 R 33 R LT L 22
MHE TR 2242, 2015,41(2) :45-50.
YANG Junhu, XU Ting. Performance for multistage hy-
draulic turbine with gas-liquid two-phase media[ J]. Jour-
nal of Lanzhou University of Technology,2015,41(2) .:45-
50. (in Chinese)
T B B AW P AH T [ M) I R I R T R R A R
#t.2009.

(¥ .2 2E)





