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Research on Energy Characteristics of New Type Bidirectional Shaft Tubular Turbine
ZHENG Yuan®, WU Churr wang*, MU Min”, YANG Chur xia"
(a Collegeof Energy and Elecirical Engineering;

b. College of Water Conservancy and H ydrop ower Engineering, H ohai University, N anjing 210098, China)
Abstract: In order to research the energy characteristics of the new type, high efficiency, low head, large discharge, bidirectional
shaft tubular turbine for a tidal pow er station, the mode test and numerical simulation were employed. The parameters such as
the head, discharge, and torque under different conditions of positive and negative direct ions, turbine blade angles, and guide vane
openings of the shaft tubular turbine were determined and used to draw the synthetic characteristic curve of the turbine model,
which was compared with the numerical simulation results. The test results indicated that the positive and reverse efficiency of
the turbine can reach 89. 68% and 84.08%, respectively under the standard running conditions, which can satisfy the operation
requirements of tidal power station. The test results were similar to the numerical simulation results, which validated the relia
bility of numerical simulation. In addition, comparing the prototype test results and CFD numerical simulation results, we found
that when the designed point is deviated but the rated head is the same, the discharge variation caused by the changing of the
guide vane opening has more effects on the numerical simulation results than that caused by the changing of the blade angle.
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Fig. 1 Schematic diagram of flow channel
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Fig.2 Schematic diagram of the cross section
of the test bed circulating pipe system
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Table 2 Data under the forward generating condition

(setting angle of blade of 0°, rated head)

Sif BUMME BADRE O BOMAMCR  BURMR
BAC) J(Lesh J(mies) (%) (%)

40 336.2 7.03 69. 13 74. 68
45 362.5 7.58 79.05 82.78
50 385.5 8. 06 85.73 88.23
55 406.3 8.49 87.71 90. 30
60 420.5 8.79 85.23 87.94
65 431.5 9.02 82.53 85.74
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Table 3 Data under the backward generating condition
(setting angle of blade of 0°, rated head)

S BRIV BBV BERR o 2R 2 A
M) J(Lesh  J(miesT) (%) (%)
65 331.3 6.92 69.53 74. 64
70 361.3 7.55 81.48 84.31
75 376.6 7.87 81.06 84.08
80 391.7 8.19 79.95 83.16
85 409.2 8.55 78.34 82.05
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Table 4 Highest efficiency of different setting angles

of blade under the forward generating condition

R T Kk BMGE JRBAE B AR

() C) Jm J(Lesh [(mPesh (%) (%)

4 55  3.00 467.2 9.76 88.77 90. 83

2 55  3.00 445. 1 9.30 89. 27 91.24

55 2.80 414.0 8.65 89. 16 91.33

-2 50 3.00 370.7 7.175 89. 65 91.55

-4 50 2.50 336.7 7.04 88. 88 90. 92
s (SUHIFRE 53 E k)

Table 5 Data under the forward generating condition

(guide vane angle of 55°, rated head)

Ty BRI R Rk JE A R %
©) [(Lesh  /(m?s st (%) (%)
4 449.5 9.39 85.23 87.29
2 428.0 8.94 87.94 89.91
0 406.3 8. 49 87.71 90. 30
-2 372.2 7.78 87.48 89.76
-4 350.2 7.32 86. 90 89. 23
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Fig.3 The characteristic curves of the hydraulic turbine model
(a) and prototype (b) with the setting angle of blade

of 0 under the forward generating condition
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