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Abstract - Recently, small hydropower attracts attention
because of its clean, renewable and abundant energy resources
to develop. Therefore, a cross—flow hydraulic turbine is
proposed for small hydropower development in this study. The
turbine’s simple structure and high possibility of applying to
the sites of relatively low effective head and large flow rate
can be advantages for the introduction of the small
hydropower development.

The purpose of this study is not only to investigate the
effects of air layer in the turbine chamber on the performance
and internal flow of the cross—flow turbine, but also to
suggest a newly developed air supply method. CFD analysis
for the performance and internal flow of the turbine is
conducted by an unsteady state calculation using a two—phase
flow model in order to embody the air layer effect on the
turbine performance effectively.

The result shows that air layer effect on the performance of
the turbine is considerable. The air layer located in the
turbine runner passage plays the role of preventing a shock
loss in the runner axis and suppressing a recirculation flow in
the runner. The location of air suction hole on the chamber
wall is very important factor for the performance
improvement. Moreover, the ratio between air from suction
pipe and water from turbine inlet is also significant factor of
the turbine performance.
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<8l 1> Test turbine
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<& 2> Schematic view of test turbine model

<& 3> Numerical grid of test turbine model
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<E 1> Test cases by experiment and CFD analysis

CFD
Division Exp.
Case 1 Case 2 Case 3
Water
Working fluid & ai Water & air Water & air Water & air
air
Number of air 1 1 2 2
suction hole (A) (A) (A) & (B) (A) & (B)
Air flow rate 0.032(A) 0.032(A)
0.032(A) 0.032(A)
(QalQw) 0.006(B) 0.032(B)

<&l 4> Water-air two phase flow in the test turbine model
(Case 1, volume of fraction)
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<&l 5> Performance curves of test turbine model

1.2 4
[ Case
—_ 1.0+ 7
2 % 77 Case 2
=)
o 08- ) EnnT Case 3
T 7k
05 '
2
O 044
o o4 % %
2 7
5 o
o 0.2 [
=
° 0.0 4 Y e
0.2 T T T T
Total Stage 1 Stage 2 Region 1

<18l 6> Output power analysis for the test cases
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