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ABSTRACT

This study modernizes the runner of a Hapcheon hydropower plant installed with a vertical Francis turbine with a rated head

of 95 m, measures and compares the field efficiency before and after the modernization, and verifies how much influence the

runner has on the efficiency of the turbine. The same field test was performed using the thermodynamic method, which is a

test applicable to turbines exceeding 100 m head according to IEC 60041. Efficiency of the old runner was measured at 93.21%

as the highest efficiency point under the condition of head 113.0 m. Efficiency of the new runner was measured at a highest

efficiency of 94.20% despite the worse condition of head 115.75 m. The efficiency improved by about 1%p under the operating

conditions above about 50% turbine power output. It is meaningful in that the performance of HPP is improved by replacing

the runner.
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Table 1 Design specification of Hapcheon hydraulic turbines

Division Old runner New runner
Turbine number #2 #1
Type Vertical Francis Vertical Francis
Rated Output 51.6 MW/unit 51.6 MW/unit
Rated head 95.0 m 95.0 m
Max. head 110.5 m 110.5 m
Min. head 74.1 m 74.1 m
Test. head 113.0 m 11575 m
Discharge 59.4 m’/s 59.4 m’/s
Rotation Speed 257 rpm 257 rpm
Runaway Speed 505 rpm 505 rpm
Rated Eff. 93.8% 95.47%
Production year 1988 2020
Manufacturer Fuji (Japan) EKHI (Korea)
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Fig. 1 Hill chart of new runner evaluated from
model test results
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Table 2 Comparison of model and prototype turbines

Division Model ‘ Prototype
Scale ratio (Dyep/Drev) 7.95625
Runer reference diameter 320.0 rpm 2546 rpm
Runner inlet diameter 342.38 mm 2724.06 mm
Rotational speed 1250 /min 257.14 /min
Guide vane pitch diameter 395.92 mm 3150 mm
Number of runner blades 13 13
Number of guide vanes 24 24
Number of stay vanes 23 23
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Table 3 Efficiency improvement for turbine power output

Power Output Old runner New runner Comparison
(MW) (7] (7] [7ap]
51.36 93.20 94.02 +0.82
46.17 91.62 92.96 +1.34
41.04 88.27 89.25 +0.98
3591 84.29 85.21 +0.92
30.78 80.27 81.26 +0.99
25.65 76.23 75.95 -0.28
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