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ignitable gases (such as methane) and of coal dust. The important problem of the 
vertical mixing of these gases stimulated the work of Ellison & Turner (1959) in the 
third volume of JFM.  They showed how a key element in this process was a decrease 
of the entrainment of air into the shear layer between the air and the gas with an 
increase of the Richardson number (i.e. the ratio of turbulence energy damped by 
buoyancy to that created by shear). Their concept of entrainment inhibition has been 
seen to be a good way of explaining mixing in stratified estuaries, and in elevated 
inversion layers in the atmosphere - a nice example of how the study of one kind of 
applied fluid problem (stably stratified atmospheric flow) has benefited from the 
generalization of the concepts used there and from the application to  quite another 
fluid-flow problem. A deeper explanation of Ellison & Turner’s findings still awaits, 
I think, a proper understanding of entrainment. 

4.4. Dispersion 

The beautiful photographs taken in 1969 from the moon of the blue earth sprinkled 
with white clouds conveyed a dramatic impression of how precious and finite the 
Earth’s environment is. The idea of using this environment as a sink in which 
contaminants can be dispersed without limit or concern is no longer acceptable. It is, 
however, inevitable that the fluid environment will be used as a sink for a long time 
to come, and the best we can do is to make sure i t  is used as well and as responsibly 
as possible. The scientific study of dispersion in the fluid environment is likely to 
play an important part in this; much as i t  has over the last 40 years. 

There have been a number of major developments in policies and practices of air 
pollution dispersion in which fluid-mechanical ideas have been important ; 

(i) It was finally realized that there are limits to the ability of the atmosphere to 
remove low-level pollution, especially when the atmosphere amplifies the concentra- 
tion by meteorological or photochemical effects. (So London’s fireplaces in the 1950s 
and California’s cars in the 1960s had to  be cleaned up !) But it also became realized 
that, although the atmosphere can disperse pollutants from high sources and thereby 
reduce ground-level concentrations in regions near the source (e.g. in the U.K. SO, 
emissions rose by about 4 from 1956 to 1970, but ground-level concentrations were 
roughly reduced by 4)) a policy based on this fact can lead to higher ground-level 
concentrations further afield (so U.K.’s SO, has been detected in Scandinavia). This 
long-range transport of pollution has raised many fascinating fluid-mechanical 
questions about the surface deposition of pollutants and about microscopic processes 
(both of which require understanding of low-Reynolds-number and Brownian motion 
effects as well as high-Reynolds-number turbulence), and about turbulence and 
diffusion during the diurnal cycle of the atmosphere. The present inadequate models 
of these processes have to  provide the basis of many politico-environmental decisions. 

(ii) The practical benefits and disadvantages of the translation of the results of 
fluid mechanics research into standard formulae, ta5les and computer programmes 
are well illustrated by the standardized methods now used in many countries to 
predict the diffusion of pollutants emitted into the atmosphere : 

Usually the source is a buoyant plume emitted from a chimney of height H which 
first mixes with the atmosphere under the action of its own thermal and mechanical 
energy, by the processes of ‘entraining’ the surrounding fluid (Morton, Taylor & 
Turner 1956). At some stage this process is overtaken by the diffusing action of the 
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external turbulence and then the pollutant is assumed to diffuse like a passive scalar 
from a source a t  greater height AH above the original source. This transition process 
is not really understood at all. The standardized methods for predicting the rate of 
growth of plumes (pioneered by Pasquill 1961) were developed in the framework of 
G. I. Taylor’s (1921) statistical theory of diffusion in homogeneous flow and Monin & 
Obukhov’s (1954) analysis of the diabatic surface layer. Despite the theoretical flaws 
in such a procedure, it  is not so inaccurate that it cannot provide rough guidance. 
As the research on meteorological dispersion advances, so do these guidelines. This 
approach is dismissed as useless by Professor Scorer (1980); because nature is too 
complicated, he says, it cannot be codified. I n  a sense he is right, but if we are to  
follow his advice and discuss nature eddy by eddy, how is the government 
inspector to make his decision and how are others to argue with him? It does seem 
that, as people become more familiar with, and quite rightly, insist on participation 
in these scientific questions, there is a clear need to have generally understandable 
procedures for deciding the scientific aspects of contentious environmental problems. 
The need is obviously greater in countries where such decisions can be contested; 
there have been some interesting court cases in the USA whose outcome has depended 
on delicate fluid-mechanical questions about the diffusion of chimney plumes im- 
pinging into hillsides. Such controversies have certainly stimulated research in 
stratified flow and diffusion (e.g. Hunt & Snyder 1980). 

(iii) These standard dispersion procedures also form the basis for ‘real-time ’ 
emergency procedures, and for control systems where air pollution is monitored, and 
the sources controlled; such schemes are being used in Belgium and the Netherlands 
(see, for example, Rasse et ul. 1976). 

Many of the worst problems of water pollution are found in estuaries because the 
pollutant may travel up and down the estuary several times before reaching the sea; 
the processes for its removal depend more on turbulent mixing than on simple 
advection. There has been a much greater revolution in the ideas about river and 
estuarine dispersion than about air pollution dispersion. Consider a river of depth 
3 ni and typical turbulent velocity of 0-03 m s-1. Whereas estimates of the eddy 
diffusivity based simply on turbulent motion are of the order of m2 s-I, G. I. 
Taylor’s theory (Elder 1959) for the effect of shear on the longitudinal turbulent 
dispersion showed that the diffusivity K may be of the order of 1 m2 s-l in straight 
two-dimensional channels. Later work has shown that, in curved rivers about 200 m 
wide, K is of the order of 103 m2 s-1 (Fischer 1976). The effect of tidal oscillations 
and stratifications may increase this further. So it is, perhaps, not surprising that the 
simple water pollution models, in which mixing is assumed to take place rapidly 
between ‘boxes’ of water moving up and down the estuary, are often adequate 
approximations in practice. Such was the basis of the calculation that guided the 
policies leading to the dramatic cleaning up of many river systems, including the 
Thames, and have been used to estimate the effect on dispersion of flood barriers 
(Barrett & Mollowney 1972). As well as perhaps justifying old assumptions, the new 
methods of turbulence estimation and computation are now used in the designing of 
flows not previously calculable, e.g. the siting of cooling water outlets and inlets of 
power stations (McGuirk & Rodi 1979). 

To the previous problems of dispersion in shallow water of subsurface soluble or 
particulate pollutants, there have now been added the two new dispersion problems : 
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the accidental release of oil, where fluid-dynamic problems are part microhydro- 
dynamic in the break-up and dispersal of oil particles and part large scale in the 
dispersion by waves, currents, and wind.; and, second, the long-term, very slow 
diffusion of nuclear wastes deposited on the ocean floors. 

4.5. Fluid resources in the ground 

A new speciality of fluid mechanics has developed with the investigation of the 
extraction of thermal power from the ground, namely thermal convection in porous 
media, a subject well represented in the J F M f r o m  the earliest volumes (e.g. Wooding 
1957). Whereas the Earth's environment is only mildly disturbed by the injection of 
water in thermal power extraction processes, it is drastically altered by mining 
operations where salt is extracted or petroleum is pushed out by the injection of 
water. The improvement of the latter operation, which can double the yield of an 
oil well, especially if polymers are added to the water, is a particularly important 
fluid mechanics research problem as the world's petroleum supplies run low. 

5. Conclusion 
I have attempted to show some of the ways in which the control and exploitation 

of fluid flows in industry and the environment have been very considerably helped 
by the growth in understanding of fluid mechanics, in all its ever increasing number 
of specialities. There are also, I think, many other ways in which our present know- 
ledge of fluid flow and fluid mechanics could have been used to  help in the analysis of 
practical problems, and the synthesis of the results in fluid-flow design. 

How will the future developments in fluid mechanics help in developing new users 
of fluid flow? Clearly the wider-scale use of computers (helped by the development 
of larger, cheaper computers) will enormously aid some kinds of fluid-flow designing, 
such as the prediction of environmental disasters, or the step-by-step improvement 
of fluid-flow designing (e .g. Mr Welbourn of the Cambridge Engineering Department 
has suggested we should be able to improve greatly the design of most of the basic 
elements in flow circuits, such as 90" pipe bends, to  lower the pressure drop and use 
less solid material. Computer-controlled manufacturing makes possible designs other 
than the present simple circular arc bends). Such optimization should become 
commonplace, even though still based on very heuristic meihods for turbulent flows. 
But the synthesis of quite new methods of fluid-flow designing will in many cases 
only come with better understanding of the fluid-mechanical processes. For example, 
one might hope that a better understanding of interactions and instabilities of vortices 
(Saffman 1981) and of the mixing of scalar contaminants (Moffatt 1981) may 
revolutionize many fluid-energy devices from combustion devices to  heat exhangers, 
and the dispersion of buoyant plumes in the environment. 

Although it is unlikely that there will be a sudden leap forward in the under- 
standing of fluid mechanics as a whole, it being likely to  develop step-by-step (with 
some steps larger than others), there may, with luck, be a jump in the attitude of 
fluid-mechanics researchers to  the problems of synthesizing fluid flows, which, as 
Shercliff (q.v.) points out, have many challenging theoretical as well as experimental 
aspects. I certainly hope that JFiW will have a few more good papers on this subject. 
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I am very grateful to  Professor H. K. Moffatt and Professor J. A. Shercliff for their 
comments on drafts of this paper. 
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