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Performance optimization of shaft tubular water turbine at Yunxi hydropower station

DAI Jing', DAT Q1 fan?, JIANG Wer cheng?, GU Y1 bo?
(1. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, china;
2. JiangsuA dministrative Of fice of Main Irrigation Canal, H uai an 223200, China)
Abstract: Using Reynolds averaged Navier Stokes ( RANS) equation, the standard S A turbulent flow model, SIMPLEC algo
rithm, and Computational Fluid Dynamics, we conduct ed numerical simulation of the flow field in the flow chamnel of the water
turbine at Yunxi hydropow er station under different schemes, and analyzed the effects of the impeller diameter, blade airfoil,
number of blades, blade angle, wheel hub, impeller speed, guide vane airfoil, angle between the guide vane axis and centerline of
the unit, number of guide vanes, installation positions of blades and guide vanes, and guide vane opening on the performance of
the water turbine. When there were 3 blades, the performance of the turbine unit was optimal. T he maximum efficiency of the v
nit occurred when the speed was 187. 5 1/ min and the number of guide vanes was 15. We optimized the parts of the original flow
channel, and applied the optimized runner to the power station for numerical calculation. According to the results of numerical
simulation of the whole flow channel, we predicted the hydraulic performance of the unit after renovation. A ccording to the mr
merical calculation results, we made a model water turbine and conducted model tests and prototype tests. The results showed
that the numerical simulation, model test, and orr site operation results had a consistent variation trend, and that the numerical
simulation results can basically accurately reflect the external characteristics and internal flow field characteristics of the pow er
station.

Key words: w ater turbine; hydraulic performance; test; numerical simulation; SIMPLEC algorithm

1201602 12 120160522 12017 0507
: http: //kns. enki. net/ kems/ detail/ 13. 1334. T V. 20170507. 0918. 003. html
VLI KR T BHE I H (2014021)
Fund: Science and T echnology Project of Jiangsu Provincial Water Resources Department(2014021)
SEC SR(1992), BoLamE R A, FENFEFE R SR TE A . E mail: 317693138@ qq. com
CHURFE(1964 ), BT HMER N, WERR S S TRE . EENFREEE G T . Email: daigifan@ 163. com

HREGHW - 197 -



F15% &% 90 - mAAEE AR - 2017 4 6 A

SN2 R T 1 AR Kk I
KR KGR BT KA Yo H AT R o )iz I
HERANL AL S AT B AL B BT L4
(IR TR BT BT AL AL, H AT BB 7 A
FEARRN . FiBiTohe 1 38 H BT KEE R I i
A HRPREEWITT 1A 7] B0 e S AEAH [R] O 038 T F) g
ERE, RBEBIRK SR N BB AN 4L AR R
I BE B s X S o o BT AR LA P
F SRE AT LA T, RIUAS A ) R 5 4
BBELL R (R0 T 7 AT DA S e AR 34947 35 i 22
IR, 4 55 B BB B AT 1A [ S
Fr U B SRR Ik R, e LN AN R R i 3
Wt R AT BLSRAS AN A ke BV RE. AT HIRT 7T
FEREXSAEE HLA 1 78 7 ZHCHAT UL BT, T X
N B A B0 S B A 2 B I RE R AOE AT
LD . A E G 1B TH 7KL R B K R AL
SHTNIIBETT, SR b T oKEEHL R ity B
MG R B BRI S R, S E 3
B S S KR AL B RE B
M, R FH A (AR A0, 5 AT X0 AR S S ROWT 7277 4%, I
SRR SR AT L7 6 . SR TR 20K R
P Bt B T —E 2%

1

1.1 ##et R ZA IR HUMRE 89 R0k
HSOBE S R A A R AR T BB, R
ORI BT AR i 2 Y, [R] I ik L it A 2 o Al 1
o522, I AL AR K. AR Al R R S
FAIR], ARIF T B, St e i 38 CFD
R R ERE DS R 1.
1

Tab.1 Performance before and after blade

improvement under the design head

Ml R HiE AROK W RE KRN

B M (emint) J(Lesl) Sim JKW (%) (%)

MdERT 3 150
MtE 3 150

6859.85 2.460 132.93 80.31 89.29
6986.01 2.465 146.22 85.34 93.76
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Tab.2 External characteristics of schemes with different

numbers of blades under the design head

M R g AUk I MR FRA

HE
N/ (rermin D) /(Lest) Sk/m kW (%) (%)

1 3 150 6986.01 2.465 146.22 85.34 93.76

2 4 150 6586.03 2.463 136.17 84.31 93.76
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Tab.3 External characteristics of schemes with

different hub ratios under the design head

ok HR MR HHOK W MR BN HE

F W /(remin?) /(Lesh Kim kW (%) FE(%) /m

1 0.35 150 6 986.01 2465 146.22 85.34 93.76 1.6

2 0.37 150 6 915.74 2463 144.25 85.05 93.24 1.6

3 0.39 150 6 836.33 2.465 141.90 84.64 92.78 1.6
(2) it Fr i A Ao

FBLL Y 0. 35.0. 37.0. 39 B, Iy R RIES THI
FRIFS AT FUERAEABL o FEIE THT, 2 0T % 8 /Kl Je
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Tab.4 Results of models with different speeds

U oKk e W m BREBX ERN HAE
F /m /(rmin") /(Lsh) kW (%) FE(%) /m

2.5 150 6 700.9 137.4438 83.53 91.83 1.6

1

2 2.5 166. 5 7 040.5 148.4845 85.99 93.57 1.6
3 2.5 187.5 7 567.8 160.9578 86.72 94.02 1.6
4

2.5 200 7877.4 165.7789 85.81 93.75 1.6
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Fig. 1 Guide vanes A and B
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Tab.5 Calculation of output power, efficiency, and hydraulic loss

with different kinds of guide vane

T OBROK i 7
% K/m /(rmint) /(Lesh kW

REM RN HAR
(%) #F(%) /m

A 2.456 187.5 8 348.0 169.07 82.58 93.46 1.6

B 2.453 187.5
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Tab.6 Calculation of output power, efficiency, and head loss with

different angles between the guide vane axis and centerline of the unit

I OARUK Fedk i W7 HEM RN R
FEk/m (rminl) /(Lesh) kW E(%) (%) /m

90 2.452 187.5 7672.35 159.35 84.69 94.37 1.6

82 2.453 187.5 7979.75 168.56 86.13 94.04 1.6
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Tab.7 Calculation of output power, efficiency, and head

loss with different numbers of guide vanes

Sut Fedy WE Wy REM BN Hf B
AL (emin ') /(Lest) /KW (%) (%) /m (r*minl)

8 2.452  187.5 8164.84 169.26 84.53 93.30 1.6
12 2.452  187.5 8092.09 168.59 84.95 93.69 1.6
15 2.453 187.5 7979.75 168.5 86.13 94.04 1.6
16 2.453 187.5 7947.15 167.84 86.11 94.37 1.6
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Tab.8 Calculation of output power, efficiency, and head

loss with different lengths between blade and guide vane

PR Aok Hed/ ikt ) BEEM PR B
/mm  k/m (rminl) /(LS kW Z(%) (%) [m

1100 2.453 187.5 7979.75 168.56 86.13 94.04 1.6

900 2.456 187.5

MK 8 FTLAAE i, 55 i [E] PR B AN [ % 7K
FHLIIA UKk G T AE T R VR — E K
SN, B I I T ) 9 N SRR S AN,
BB R AL 50 AR K, R A I R AR LA
PR3 It 1 2R A gk 0 s ) L g/, i 5 i 1]
P ) TR A SRR K

(1) 3 53 A

TEEE BT i b, SRR UE ) AR )T
JE T3 43 AT 35 50, AR U I R) S B A X2 T
NS PR T B, eI TR AN 9D, 7K S
i FE) AN WO B EG (81 EE 4 900 mm B A
FNH R TEEAK LEIATEE 91 100 mm IS i 26 1 1K 7
/N, B R AR T R R, TIE AR A, I AR R
JITEL -

(2) M i o3 At

- He 0 AL 3], B A b VIR In) 12T BRI,
ANTR] PRI EE X e D340 A AN AR K A T
TSR B ALY A = i 7%, B S5 5 ) gE
(90N, T i TG X TR 38 K

2

7 867.65 167.02 86.44 94.30 1.6
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kW o B K B8 L /B 2% X B3 5, 2R ARk i
2, N FAROK Sk B AT P A B AR L. R

Pare AT VE, v T R 0, ARKEE U Fent
FIRAE O34T .

BTG 10 G AT 2014 4 8 H ks 8245
NIEAT, 2014 4F 9 AT H), 45417, T TR &
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Tab.9 Operation data of Yunxi hydropower station

B il K AL 2 nE Yy P

/m /(m3e 1) kW (%)

2014.9.27 17:00  1.77 9.13 118.9  72.7
2014.9.27 22:00 1.95 9.28 136.2  76.6
2014.9.28 10:00 1.87 9.21 128.1  75.8
2014.9.28 11:00 2.12 9.41 155.7  79.7
2014.9.28 23:00 1.75 9.11 116.5  72.4
2014.9.29 6:00  1.90 9.4 3.2 76.1
2014.9.29 11:00  1.81 9.16 122.7  75.4

BB ST S SR AR RS B G 4 R
XHEE, 22 IR KSR AT 3K S Xt B i 2 ILE 2.

2

Fig.2 Efficiency-head and powerhead curve charts
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