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Measurement of Three-Dimensional Mean Velocity Vector
and Reynolds Stress by a Single Rotatable Hot-Wire

By Yoshio HAYASHI and Teruomi NAKAYA

A practical method of measuring three-dimensional mean-velocity components and six
components of Reynolds stress, by means of a hot-wire anemometer of constant-current
operation, with a single hot-wire fixed on a rotatable support, is presented together with
experimental results.

The hot-wire probe is brought to a certain angular position, rotated around its axis
by means an electric servo-mechanism and the linearized output signal of the anemometer
is measured by a DC voltmeter and a RMS meter. The above procedure is repeated at
several angles of the probe axis for each measured point.

The three mean-velocity components can be obtained from the measured values of D.C.
output and the rotational angles of hot-wire probe, by solving the simultaneous quadratic
equations by the least squares method and the Newton-Raphson method. On the other
hand, the Reynolds stress can be obtained from the measured values of the RMS meter
output and the angles of the hot-wire probe, using the least squares method and the matrix
method.

Some wind-tunnel tests which were carried out to examine the accuracy of measure-
ment by this method showed that if the inclination angle of the hot-wire probe to the
mean flow direction was less than 30°, the maximum error in the measured values of mean
velocity direction was+1°. The measurement of Reynolds stress components were done
in fully-developed turbulent flow in a circular pipe. The measured values of Reynolds
stress were compared with the ones calculated from the pressure gradient along the pipe
axis and the mean velocity distribution across the pipe, and they were found to be in good
agreement.
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