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Visualization of Flow Field of Weis-Fogh Type Water Turbine Using the PIV
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Abstract: In this study, the visualization of the unsteady flow field of a Weis-Fogh-type water turbine was
investigated using particle-image velocimetry. The visualization experiments were performed in a parameter
range that provided relatively high-efficiency wing conditions, that is, at a wing opening angle o =40° and at
a velocity ratio of the uniform flow to the moving wing U/V =1.5~2.5. The flow fields at the opening,
translational, and closing stages were investigated for each experimental parameter. In the opening stage, the
fluid was drawn in between the wing and wall at a velocity that increased with an increase in the opening
angle and velocity ratio. In the translational stage, the fluid on the pressure face of the wing moved in the
direction of the wing motion, and the boundary layer at the back face of the wing was the thinnest and had
a velocity ratio of 2.0. In the closing stage, the fluid between the wing and wall was jetted at a velocity
that increased as the opening angle decreased; however, the velocity was independent of the velocity ratio.
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(a) Up stroke (b) Down stroke
Fig. 1 Model of Weis-Fogh type water turbine
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Table 1 Main specification of PIV system

Item Specification

Image board | Fast Cam-X panel link board drive

Light source 8W continuous wave laser

Sheet light Cylindrical lens: ©3.8x11.4mm
Resolution 1280%1024pixel
Software CACTUS 3.2

Error vector(%) Average: about 0.1%

CW Laser

Cylindrical lens High speed camera

Slde board

o 7 N Mirror
Water Channe\,-/ it Ir

Fig. 3 Schematic structure of experimental device
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(a) Moving wing(U/V=2) (b) Stationary wing

Fig. 4 Velocity profiles around the moving and
stationary wings for one stroke (h=2.5C,
1,=0.5C, a=40°)

(b) Stationary wing
Fig. 5 Velocity vectors and velocity profile around

the moving and stationary wings at the
opening stage(a=20°)
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(a) Moving

wing

(b) Stationary wing

Fig. 6 Velocity vectors and velocity profile around
the moving and stationary wings at the
translating stage(a=40°)

wing

(b) Stationary wing

Fig. 7 Velocity vectors and velocity profile around
the moving and stationary wings at the
closing stage(a=20°)
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(a) U/V=2.0 (b) a=30°
Fig. 8 Velocity profiles around the wings with

opening angle and velocity ratio at the
opening stage
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Fig. 9 Velocity vectors and velocity profile around
the wings with velocity ratio at the
translating stage(a=40°)

Cazsee UN-15
(a) U/V=2.0 (b) a=30°

Fig. 10 Velocity profiles around the wings with
opening angle and velocity ratio at the
closing stage
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