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FIGURE 7. The variation of uzw N/uiL with U I N M .  The solid symbols are 
based on an interpolation from figure 6. 

4.3.  Application to other j luids and j l ou~s  

These diffusion results are not directly comparable with diffusion measurements from 
point sources in the stable atmospheric boundary layer, where variations of the mean 
velocity and turbulence scale may be significant over the plume depth. However, it 
is worth noting that the form of lateral horizontal diffusion from point sources is very 
similar in stable and in neutral conditions. Secondly, limited vertical diffusion from 
elevated sources is quite often observed ; a few cases are discussed in detail by Pearson 
et al. (1983), and the differences between diffusion from ground level and elevated 
sources is discussed by Hunt (1982). 

Finally, a cautionary point needs to be made about the general application of these 
results to other stratified turbulent flows. We have discussed in 8 1.2 how the energy 
production and dissipation in such flows may be more or less local in its origin 
depending on orientation of the flow and the geometry of bounding surfaces. More 
research on this question is clearly necessary. 

It is also important to realize that the role of the molecular diffusion of matter is 
more important in very stable conditions when the vertical motion of fluid elements 
is constrained. For reasons given by Pearson et al. (1983), significantly different 
results may be expected if the diffusivity uc of the contaminant (dye in this case) 
is markedly different to the diffusivity U~ of the density of fluid elements (salt in this 
case). I n  this case (dye and salt) uc - u D ;  but in the case of smoke particles in the 
atmosphere vc + vD. 

R. E. B. and J. C. R. H. gratefully acknowledge financial support provided through 
appointments at North Carolina State University under U.S. Environmental 
Protection Agency Grant 805595. The authors are grateful for referees’ helpful 
comments. 



44 R. E .  Britter, J .  C. R.  Hunt, G.  L.  Marsh and W .  H .  Snyder 

R E F E R E N C E S  

ARMI, L. 1978 Someevidenceforboundarymixingin thedeepocean. J. Geophys. Res. 83,1971-1979. 
BATCHELOR, G. K. 1952 Diffusion in a field of homogeneous turbulence. 11. The relative motion 

BATCHELOR, G. K. & TOWNSEND, A. A. 1948 Decay of isotropic turbulence in the initial period. 

BRITTER, R. E. & MARSH, G. L. 1982 Potential energy changes in a transient experiment on density 

BROST, R. A. & WYNOAARD, J. C. 1978 A model study of the stably stratified planetary boundary 

COMTE-BELLOT, G. & CORRSIN, S. 1966 The use of a contraction to improve the isotropy of 

CSANADY, G. 1964 Turbulent diffusion in a stratified fluid. Atmos. Sci. 21, 439-447. 
DICKEY, T. D. & MELLOR, G. L. 1980 Decaying turbulence in neutral and stratified fluids. J. Fluid 

Mech. 99, 13-32. 
DOUOHERTY, J. P. 1961 The anisotropy of turbulence a t  the meteor level. J. Atmos. Terr. Phys. 

21, 210-213. 
FRENZEN, P. 1963 A laboratory investigation of the Lagrangian autocorrelation function in a 

stratified fluid. Argonne National Lab. Rep. ANL-6794. 
HUNT, J. C. R. 1982 Diffusion in the stable boundary layer. In Atmospheric Turbulence and Air 

Pollution Modelling (ed. F. T. M. Nieuwstadt & H. Van Dop), pp. 231-274. Reidel. 
HUNT, J. C. R. & SNYDER, W. H. 1980 Experiments on stably and neutrally stratified flow over 

a model three-dimensional hill. J. Fluid Mech. 96, 671-704. 
IBBETSON, A. & TRITTON, D. J. 1975 Experiments on turbulence in a rotating fluid. J. Fluid Mech. 

68, 639-672. 
KAIMAL, J. C. 1973 Turbulence spectra, length scales and structure parameters in the stable 

surface layer. Boundary-Layer Met. 4, 289-309. 
LIN, J. T. & PAO, Y. H. 1979 Wakes in stratified fluids. Ann. Rev. Fluid Mech. 1 1 .  317-338. 
LINDEN, P. F. 1980 Mixing across a density interface produced by grid turbulence. J. Fluid Mech. 

MCLAREN, T. I., PIERCE, A. D., FOHL, T. & MURPHY, B. C. 1973 An investigation of internal 
gravity waves generated by a buoyancy rising fluid in a stratified medium. J. Fluid Mech. 57, 
229-240. 

PAO, Y. H. 1971 Turbulence measurements in stably stratified fluids. In Turbulence Measurements 
in Liquids. Dept of Chemical Engineering, University of Missouri-Rolla. 

PASQUILL, F. 1974 Atmospheric Diflusion, 2nd edn. Ellis Harwood. 
PEARSON, H. J. & BRITTER, R. E. 1980 A statistical model for vertical turbulent diffusion in stably 

stratified flow. In Proc. 2nd I.A.H.R. Symp. on Stratijed Flows, Trondheim, Norway, (ed. T. 
Carstons & T. McClimans), pp. 269-279. Tapir. 

PEARSON, H. J., PUTTOCK, J. S. & HUNT, J. C. R. 1983 A statistical model of fluid element motions 
and vertical diffusion in a homogeneous stratified flow. J. Fluid Mech. (to be published). 

SNYDER, W. H. & LUMLEY, J. 1971 Some measurements of particle velocity autocorrelation 
functions in a turbulent flow. J. Ruid Mech. 48, 41-71. 

TAYLOR, G. I. 1921 Diffusion bycontinuousmovements. Proc. Lond. Math. SOC. (Ser. 2)20,196-212. 
TURNER, J. S. 1973 Buoyancy EfSects in Fluids. Cambridge University Press. 
WEINSTOCK, J. 1978 Vertical turbulent diffusion in a stably stratified fluid. J. Atmos. Sci. 35, 

of particles. Proc. Camb. Phil. SOC. 48, 345-362. 

Proc. R .  SOC. Lond. A193, 539-566. 

stratified turbulence (in preparation). 

layer. J. Atmos. Sci. 35, 14-28. 

grid-generated turbulence. J. Fluid Mech. 24, 657-682. 

100, 691-703. 

1022-1027. 


