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Thus when Re$ $ 1, this form of @(s) when normalized on and N becomes 

@ ( w ,  a) K [w2 + (aRet)2]-1 (A 7)  

where a = NT - NLiw) / (3 )4 .  
Chadam (1962) attempted to extend Lin’s theory to stratified flows, but failed to 

account satisfactorily for the varying densities and initial velocities of the marked 
diffusing fluid particles. He did, however, recognize the role of stratification in 
limiting vertical particle diffusion. 

Csanady (1964) modelled the motion of fluid elements that could not change their 
density in time by the following equations (our notation) : 

with D a density diffusion constant. So he had no explicit damping 
momentum equation. He introduces the velocity corresponding to 
acceleration in a neutral flow 

and solves (A 8), (A 9) in terms of correlation of the new random variable W,. He 
takes the neutral form W1(t) W(t+7) = T e - w  

Thence the velocity spectrum, and the random ‘force ’ spectrum are respectively 

Now, as his formulation (A 8) has no explicit viscous damping, the timescale @-l)  

for the spectrum (A 12) is a decay timescale of the velocity fluctuations, of order 
L$w)/(G)$. (For r.m.s. vertical velocity (3); and lengthscale Lkw),e is such that 

The timescale p-l is very much larger than the Krasnoff & Peskin (1971) timescale 
7 H ,  and the two corresponding random-force spectra (A5) and (2.12) have very 
different forms. This reflects a different ‘level’ of modelling. Although not made clear 
in his paper, we feel that Csanady is really dealing with larger ‘fluid elements’ than 
Krasnoff & Peskin, with the viscous processes absorbed into the random force. This 
is necessary in order to model the effects of buoyancy forces on finite parcels of fluid 
of approximately the same density throughout. Both ‘levels’ of model are discussed 
in the paper. 

For simplicity, and to ensure that w2 = 2, Csanady made the specific assumption 
that D = 0. Because his spectrum (A 12) is such that @ ( O )  = 0, he finds an asymp- 
totically constant plume depth. He does not discuss the vertical density flux through 
the system. 

E - (wz)t/L$9). 
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