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Abstract — Because of the wide operating range and the superior self-starting characteristics, the impulse turbine
has been widely used as a primary energy conversion device for OWC(oscillating water column) wave energy con-
verter. To improve the turbine efficiency, the effect of sweep angle of turbine blade was studied for both shapes of
leading and trailing edges. The numerical model was established by employing the commercial RANS-based CFD
code. The grid dependency was checked numerically and the validation of benchmark result was made with avail-
able experimental data. Results showed that the negative angle improved the performance of turbine in case of
leading edge, while the positive angle improved the performance in case of trailing edge. The optimal sweep angle
appeared to be -5° of the leading edge and +6° of trailing edge. It was found that the overall efficiency was
improved about 8% compared to the standard model.
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2. TURBINE GEOMETRY
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Fig. 2. Configuration of Impulse turbine.

Fig. 3. 3-D CAD model of Impulse turbine.

Table 1. Specification of Impulse turbine selected

Designation Symbol Value
Diameter (mm) D 800
Number of blades z 26
Number of guide vane Z, 26
Hub ratio 0.7
Tip clearance (mm) T, 1

and Fisheries [2016]).
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X \ 4. NUMERICAL METHOD AND VALIDATION
(a) Blade without sweep angle (b) Blade with sweep angle
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Fig. 6. Results of y* dependency test.
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Fig. 7. Pressure contour of RE model on suction and pressure sides
at ¢=1.0.
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Fig. 8. Flow velocity contour and streamlines of RE model at blade
tip section on ¢=1.0.

NOLLOHIA MO

20
0

0

0

100 «saa A9

400

-0 (a) RE model (b) A1l model

Fig. 9. Pressure contour on suction side under two kinds of blade
models.
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Fig. 10. Pressure contour on pressure side under two kinds of blade
models.
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(a) RE model (b) A1l model

Fig. 11. Limiting streamlines on suction side for RE and A1l model.
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(a) RE model

Fig. 12. Limiting streamlines on pressure side for RE and A11 model.

(b) A1l model
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Table 4. CFD results for all cases at ¢=1.0
Model A, (deg.) A, (deg.) n C, C,
Reference 0 0 0.429 1.593 3.711
A01 -10 0 0.459 1.658 3.611
A02 -4 0 0.448 1.610 3.597
A03 10 0 0.444 1.596 3.591
A04 4 0 0.440 1.589 3.614
A05 0 -10 0.442 1.586 3.590
A06 0 -4 0.434 1.579 3.637
A07 0 4 0.452 1.625 3.594
A08 0 10 0.443 1.612 3.637
A09 -10 10 0.440 1.607 3.651
Al0 -20 0 0.436 1.621 3.721
All -5 -6 0.462 1.642 3.555
Al2 -5 10 0.448 1.621 3.615
Al3 4 9 0.454 1.637 3.606
Al4 5 10 0.455 1.639 3.601
AlS 10 10 0.440 1.580 3.590
Al6 -10 -10 0.455 1.624 3.565
Al7 2 4 0.451 1.619 3.588
Al8 3 4 0.450 1.618 3.599
Al19 -10 -5 0.453 1.617 3.572
A20 -10 5 0.450 1.621 3.606
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Fig. 13. Comparison of C,, C n between RE and A01~A04 models.
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6. CONCLUSION
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NOMENCLATURE

: Blade span length

: Input coefficient

: Torque coefficient

: Semi-major axis of ellipse

: Semi-minor axis of ellipse
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: Diameter of turbine
: Gap/Chord ratio

: Gap between guide vane and rotor blade

: Chord length of guide vane
: Chord length of rotor blade

: Length of straight line of guide vane

: Flow rate

: mean radius of blade

: Radius of turbine

: Radius of camber of guide vane on exhalation (inhalation) side

: Length between guide vanes

: Tip clearance

: Turbine torque

: Rotational velocity of turbine at 7,

: Mean axial flow velocity in sinusoidal flow
: Number of blade

: Number of guide vane

: Pressure drop through turbine blade

: Turbine efficiency
: Flow coefficient (V,/Uy)

: Angle of guide vane

: Sweep angle

: Air density

: Angular velocity of turbine rotor
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