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A PIV Investigation of a Wind Turbine with Brimmed Diffuser
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The paper presents the instantaneous flow velocity measurements of a wind turbine with brimmed diffuser by a
particle image velocimetry (PIV). The PIV is used to show the velocity vectors of the inner and downstream flow
fields of the model at Re= 100000 under turbine blades rotating (3700 rpm) and no turbine blades. Furthermore the
cases of the flow fields between with and without the turbine blades are compared. When the turbine blades are
rotating, the flow disturbances in the brimmed diffuser are suppressed. And there are two large vortices at
downstream region of the diffuser. These two vortices act as suck in wind to the diffuser and raise the inlet flow
velocity. While in the case of no rotor, there is one vortex only. Consequently the wind turbine with brimmed diffuser
would be operated stable with the turbine blades rotating and be useful in the area with unsettled wind or disturbed

flow as Japan.
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Fig.2 Schematic of wind turbine with brimmed diffuser.



Fig.3 Photograph of the wind turbine

Tabel 1 Critical dimensions of the wind turbine.

Diffuser Angle 6 12 degrees
Diffuser Length L/D 125
Brim h/D 0.5
) 3mm
Tip Clearance h, (hUD=1.5%)
Hub to Tip Ratio 0.2
Flow Velocity Uy 8m/s
Rynolds Number 5
(based on D) Re 10 x 10

D=200mmLC] diameter of diffuser at rotor [
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Fig.4 Photograph of the turbine blades.

Table 2 Design and experimental conditions
of the turbine blades.

Design Cond. | Exp. Cond.
Peripheral Speed | | = It
Ratio U, 5 48
Rotor Radius I, 200 mm 100 mm
Rotational Speed 2000 rpm 3700 rpm
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Table 3 Areas images, conditions and figures by PIV.

Location of Turbine blades
areas images with no

A Fig.6 Fig.7

B Fig.9 Fig.10

C Fig.13 Fig.14

D Fig.11 Fig.12
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Fig. 5 Schematic of the areas imaged by PIV.
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Fig.6 Overlaid PIV image and analysis [A] (with turbine).
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Fig.7 Overlaid PIV image and analysis [A] (no turbine).
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Fig.8 Comparison of absolute velocity distribution.
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Fig.9 Overlaid PIV image and analysis [B] (with turbine).
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Fig.10 Overlaid PIV image and analysis [B] (no turbine).
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Fig.11 Overlaid PIV image and analysis [D] (with turbine).
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Fig.12 Overlaid PIV image and analysis [D] (no turbine).
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Fig.13 Overlaid PIV image and analysis [C] (with turbine).
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Fig.14 Overlaid PIV image and analysis [C] (no turbine).
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Fig.15 Schematic of flow (with turbine).

Brim

Vortex B

—> /4
(DD DD
Flow —> A ]
> Separation

Fig.16 Schematic of flow (no turbine).
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