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VORTICITY AND ITS TRANSPORT IN THE SURFACE LAYER

By Yasushi Mrrsura and Haruhiro Asar

Synopsis
Characteristics of vorticity and its vertical turbulent transport in the surface boundary layer
are studied by direct measurements of vorticity using a set of three sound sensors of sonic anemometers
in a triangular form. The spectrum of vorticity fluctuations is invariant with frequency. The
vertical transport of vorticity is upward and its magnitude is equal to flux divergence of vertical
momentum transport.
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Table 1. Results of observations
RUN NO. 2 4 7 16 17
DATE 1976.12.30  912: 31 12:31  1977.1.3 1.3
STARTING TIME 21:21 12: 32 19: 34 1: 1 11:32
MEAN WIND VELOCITY

U (mfs) 3.63 3.61 2.31 3.02 2.39
COVARIANCE OF 5&w

7w (mfs?) 0.0822  0.1305  0.0006 0.0775  0.0207
COVARIANCE OF u&w

ww  (m?js?) —0.459 —0411 —0.214 —0.409 —0.343
EDDY VISCOSITY,

K, (m¥s) 0.74 0.75 70.63 0.59 0.66
EDDY DIFFUSIVITY OF
VORTICITY,

K, (m?s) 0.15 0.25 0.002 0.18 0.039
STABILITY z/L 0.0015  0.0003  0.0001 0.0013  0.0017
RUN NO. 18 20 24 32 39
DATE 1.3 1.3 1.3 1.5 1.7
STARTING TIME 14: 28 16:32  19:05 21:21 18:27
MEAN WIND VELOCITY

i (m/s) 3.18 3.82 6.67 3.92 1.94
COVARIANCE OF 7&w

7w (mfs?) 0.0427 0.249 1.472 0277  0.0196
COVARIANCE OF u&w

ww (m?s?) —0.330 —0588 —1.261 —0.637 —0.174
EDDY VISCOSITY,

K, (m?s) 0.51 0.94 1.07 0.92 0.42
EDDY DIFFUSIVITY OF
VORTICITY,

K, (ms) 0.099 0.37 1.47 0.36 0.032

—0.0017 —0.0023  0.0039 0.0023 —0.0024
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Fig. 2. Variation of vertical vorticity transport with
mean wind speed at the height of 1.6 m.
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Fig. 3. Ratio of shearing stresses at 22.6 m and 5.66 m as observed on the great plane of the U.S.A.

The plot shows 15-min data groups in 1 hour blocks.
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Fig. 4. An example of time variation of vorticity, horizontal wind component and vertical transport of
vorticity.
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Fig. 5. Spectra of horizontal and vertical wind velocity and vorticity fluctuations for Run 2.
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