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describe the measurements do indeed satisfy this criterion even at the highest
wavenumbers.
For example, when «; > 67! (or L;1)

Oys(K;) = Sy [eh(2) +eb] &7, (4.4)

where energy dissipation in the shear layer ¢, = u%/(0.42). For the horizontal
components at low wavenumber, it is interesting to note that

O,;(k;>0) = <u§ L9 (z/8)+u? L{* ")) Tl (4.5)

where L{* 9 is of the order of the shear-layer thickness ¢ and is the integral scale of
the u-component of turbulence produced in the shear layer. Therefore the external
turbulence dominates the low-frequency horizontal turbulence, even well within the
inner shear layer.

The same arguments used here may well have a wider validity wherever large-scale
intense freestream turbulence exists outside aninner boundary layer. (Some comments
to this effect were also made by Bradshaw 1978.)

5. Discussion
5.1. Previous analyses

Previous analyses of turbulence in the CBL (Priestly 1959; Wyngaard, Coté & Izumi
1971) have been largely based on the dimensional argument that the turbulence
structure is determined by the buoyancy flux gw8/8, at the ground, the height above
the ground, and the inversion height z;. Some physical justification for these
dimensional forms came from the observation that the vertical motion in a CBL
resembles buoyant plumes rising from the surface. This approach led to a number
of significant predictions, e.g. w? oc 2. But, inevitably, it could not provide much
insight into spectral forms or the connection with the nonconvective SFBL. Having
said that, the kinematic theory presented here does not contradict these models; its
aim is to demonstrate some common aspects of the kinematical structure of all
shear-free boundary layers.

In the analysis presented here, the primary assumption is that in shear-free flows,
where 0¢/dz = 0 over a scale L,, there is a simple turbulence structure which satisfied
this constraint and the boundary condition on z = 0. This, formally, is a different
problem to the initial development of a flow of homogeneous weak turbulence as it
impinges onto a flat plate. In that case, no agsumption is needed about €(z) or about
the form of the turbulence; both followed from the boundary conditions. However,
the solution is the same as that proposed here for SFBLs and CBLs.

5.2. Validity of the analysis

The comparison between the kinematic theory and the measurements of variance,
integral scale, cross-correlation and spectra indicates that the theory provides a
physical reason why the turbulence of CBLs and SFBLs should have an approximately
similar structure, near the wall, why the vertical turbulence near the boundary should
be determined by € and z only, and why their turbulence structure may differ when
z ~ L, because of different forms of their spectra far from the surface.

The arguments of §§2.2 show why in SFBLs the linear model cannot allow for some
important nonlinear amplification of , v; in §3.2 we showed how it cannot deseribe
how buoyancy forces affect some aspects of the turbulence even very close to the
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surface. The simple model is therefore also useful as an indicator of the differences
between SFBLs and CBLs.

The usefulness of the model has been demonstrated by its prediction of two-point
cross-correlations, which, on being measured, agree well with the theory. Further uses
of the model have been mentioned in §1.

This paper largely arose from discussion with Dr J. C. Wyngaard and Dr J. C.
Kaimal, to whom I am very grateful. I am also grateful to the referees and Dr
D. Lenschow (of NCAR) and Mr H. Wong (of DAMTP) for helpful suggestions, and
to CIRES, NOAA and NCAR in Boulder, Colorado, for their financial support during
visits in 1980, 1982 and 1983.
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