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Water Tunnel Test and Blade Element Momentum Analysis on
Output Characteristics of an Undershot Water Turbine

by
Soichi SASAKI*, Yumi KUROKAWA**, Yuichiro OYA** and Shin-ichi TATENO

We evaluated the output characteristics of the undershot water turbine in a circular type water
tunnel of a state where the channel width was wide enough for the blade span and there was no
influence of the bottom surface of the channel. The output characteristics of the water turbine are
analyzed by the angular momentum acting on the blade element; the difference between the actual
measurement value and the analysis was discussed based on the observation of the flow regime around
the impeller in the water tunnel. The maximum output of the measured value of the more deeply
immersed water turbine was larger than that of the shallow one. The analysis results of the output
based on the angular momentum of the blade element could represent the characteristics of the
measured value of the turbine in the case of the shallow water depth. From the observation of the flow
regime, when the tip speed ratio was low, the flow going up the blade of a long chord generates
bubbles in the front side of the impeller, and the bubble flow flows over the blade to the rear side. We
could confirm by the observation that the flow entrained the air on the water surface, moreover, there

were a lot of bubbles between the blade in the rear side.
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Fig. 1 Circular type water tunnel
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Fig. 2 Measurement part of the water tunnel
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Fig. 3 Impeller in water tunnel

Table 1 Main dimensions of impeller

Diameter , D (m) 0.5

Span length , B (m) 0.25
0.08

Chord , C (m) 0.16

Main flow velocity , V' (m/s) 1.25

Fig. 4 Velocity triangle of the flow regime around the blade element
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Fig. 5 Characteristics of the water turbine in the different

submerged depth
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Fig. 6 Flow regime around the impeller in the different

circumferential velocity ratio
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Fig.7 Flow regimen around the impeller in the different

circumferential velocity ratio
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Fig. 8 Characteristics of the water turbine in the different

chord length
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(b)blade passage and wake

Fig.9 Flow regimen around the impeller in the low

circumferential velocity ratio (A=0.3)
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