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Automatic-Tracking-Type Flow Direction and Velocity Meter

Nagakatsu KAWAHATA, Teruomi NAKAYA

An automatic flow meter which can be used for the measurement of the velocity and the
direction of wind flow in a localized flow field has been developed.

Its main part consists of a pitot head, pressure transducers, and servo mechanisms which
enable the pitot head to rotate and follow the flow direction.

The pitot head is composed of five small tubes, one at the center and four on the periphery,
having a cross-like shape in the frontal view. These tubes are soldered together and enclosed
within an outer shell tube, the space between them being filled up. The four periphery tubes
are cut off at 60 degrees apex angle so that the tip of the pitot head is something like a
truncated pyramid with pressure tappings on the four side faces and on the apex.

The pitot head is mounted on a circular-arc guide rail and can be rotated by a servo motor
around its pitch axis, and the guide rail and the pitot head can also be rotated as a whole
around their yaw axis. Both of these axes are aligned to pass through the tip of the central
tube, so that the pitot tip keeps its position during the rotation.

The pressure difference taken from each pair of pressure tappings situated on opposite side
of the central tube gives the signal of the direction of the flow (pitch and yaw, respectively).

The principle for determining the flow speed by this device is that the pressure difference
between the central hole and any one of the others is proportional to the dynamic pressure of
the flow, and that its proportional constant is unique for the truncated pyramid type head when
it is aligned with the flow direction. The instrument was tested in a wind tunnel over a wide
range of flow speeds and was found to be efficient. :

The accuracy in the directional finding of this instrument is better than 0.5 degrees at a flow
velocity higher than 8 m/sec. The error of the measurement of the flow velocity is about £1.5
m/sec and it is clearly caused by noise in the electric circuit.

Because of its smallness and the simplicity of its mechanism, the instrument is expected to be
widely applied in the field of flow measurements.

A measured flow field behind a wing immersed in the propeller slipstream is presented as an
example of the application of this instrument.

The frequency response characteristics measured in a fluctuating flow are also shown.
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