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external turbulence and then the pollutant is assumed to diffuse like a passive scalar
from a source at 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. In 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).

(iif) 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 ef al. 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 m 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 10-2m?s~!, G. L.
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 m? s~! in straight
two-dimensional channels. Later work has shown that, in curved rivers about 200 m
wide, K is of the order of 10° m? s~ (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-
dynamie 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 JF M from 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 dragtically 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 mechanies, 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 methods 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-mechanies 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 JF M 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. Shereliff for their
comments on drafts of this paper.

REFERENCES

ArRMITT, J. & CoUNIHAN, J. 1968 Atm. Env. 2, 49-71.
BargreTrT, M. J. & MOLLOWNEY, B. M. 1972 Phil. Trans. Roy. Soc. A 272, 211.
Bartses, J. A. 1980 Proc. 15th Int. Cong. Theor. & Appl. Mech. North Holland.

BarcHELOR, G. K. 1960, 1963, 1971 The Scientific Papers of G. I. Taylor, vols. 2, 3, 4. Cambridge
University Press.

BATCHELOR, G. K. & ProUDMAN, 1. 1954 Quart. J. Mech. Appl. Math. 7, 83.
Brapsaaw, P. 1976 Turbulence. Springer.
Browx, G. L. & Rosuko, A. 1974 J. Fluid Mech. 64, 775.

CENTRAL ELECTRICITY GENERATING Boarp 1967 Report of the Committee of Inquiry into the
collapse of cooling towers at Ferrybridge, London.

Count, B. M. 1980 Fluid Mechanics in Energy Conversion, pp. 3-42. S.I.A .M. Philadelphia.
Crow, S. C. & Cuampacexe, F. H.C. 1971 J. Flurd Mech. 48, 547.

Daxna, M. & PoINTER, D. 1978 Frisbee Players’ Handbook. Parachuting Publications (Santa
Barbara).

DavexporT, A. G. 1961 Proc. Inst. Civil Eng. 19, 449.

Davipson, J. F. & HarrisonN, D. 1963 Fluidised particles. Cambridge University Press.
Dowson, D. 1979 History of Tribology. Longmans.

DursiN, P. A. & Hunt, J. C. R. 1980 J. Fluid Mech. 100, 161.

Earn, T.D. 1962 Agardograph 67.

ELDER, J. W. 1959 J. Fluid Mech. 5, 544.

Errison, T. & TURNER, J. S. 1959 J. Fluid Mech. 6, 423.

Erxin, B. & Goering, P. L. E. 1971 Phil. Trans. Roy. Soc. A 269, 527.
Evans, D.V. 1976 J. Fluid Mech. 77, 1.

FiscuEer, H. B. 1976 Ann. Rev. Fluid Mech. 8, 107-133.

FURrBER, S. B. & Frowes-WiLriams, J. E. 1979 J. Fluid Mech. 94, 519.

GANDEMER, J. & Guvor, A. 1976 Intégration du phénoméne vent dans la conception du milieu
bdti. La Documentation Francaise.

GorpriNGg, B. T., Mawer, W. T. & Taomas, N. H. 1980 Proc. 3rd Pressure Surge Cong., Brit.
Hydromech. Res. Assoc., Cranfield, U.K.

GorpsTEIN, M. E. & DursiN, P. A, 1980 J. Fluid Mech. 98, 473.

GUTMARK, E., VARNIN, A. & WoLFSHTEIN, M. 1980 Abstracts of 15th Int. Cong. of Theoretical &
Applied Mechanics p. 187. Dept. Mech. Engng, Univ. Toronto.

Harn, M. G. 1972 Ann. Rev. Fluid Mech. 4, 195.

Hawking, S. W. & Erus, G. F. R. 1973 Large-Scale Structure of Spacetime. Cambridge
University Press.

HawtHORNE, W. R. 1961 Proc. Inst. Mech. Eng. 175, 52.

HawTtHORNE, W. R. 1978 Aero. J., March p. 93.

Hears, N. S. 1969 Phil. Trans. Roy. Soc. A 265, 93.

Howarp, L. N. 1963 J. Fluid Mech. 17, 405.

Hount, J. C. R. 1973 J. Fluid Mech. 61, 625.

Hunt, J. C. R. & Ricuarps, D. J. W. 1969 Proc. Inst. Elec. Eng. 116, 1869.

HuxT, J. C. R. & FERNHOLZ, H. H. 1975 J. Fluid Mech. 70, 543.

Huxt, J. C. R., Pourton, E. C. & Mumrorp, J. C. 1976 J. Fluid Mech. 11, 15.

Hunrt, J. C. R. & SuercuIFr, J. A. 1971 Ann. Rev. Fluid Mech. 3, 37.

Hun~t, J. C. R. & Sxyper, W. H. 1980 J. Fluvd Mech. 96, 671.

Hount J. C. R. 1980 Proc. 15th Int. cong. Theor. & Appl. Mech. North Holland.

Hurre, D. T., JakEMAN, E. & Jounson, C. P. 1974 J. Fluid Mech. 64, 565.



Connections between fluid mechanics and industrial problems 129

JENSEN, M. 1954 Shelter Effect. Copenhagen.

JEwkzEs, J., SAWERS, D. & STiLLERMAN, R. 1958 The Sources of Invention. Macmillan.

JouNs, B. & ANWAR ALi, M. 1980 Quart. J. Roy. Met. Soc. 106, 1.

Isvumov, N. & DAVENPORT, A. G. 1976 Proc. 4th Int. Conf. Wind Effects on Structures. Cambridge
University Press.

KArMAN, T. vox & Epson, L. 1967 The Wind and Beyond. Boston: Little, Brown & Co.

Lespe, H. & Lang, W. T. 1948 Device for measuring rate of fluid flow. U.S. Pat. 2435 043.

LeisovicH, S. 1978 Ann. Rev. Fluid Mech. 10, 221,

Lera, C. E. 1978 Ann. Rev. FPluid Mech. 10, 107-128.

LenveEMAN, E. 1974 I.B.M. J. Res. Dev. 18, 480,

Lestre, L. M. 1971 J. Fluid Meck. 48, 1.

LicurHiLy, M. J. 1973 J. Fluid Mech. 60, 1.

LicaTHIry, M. J. 1979 J. Fluid Mech. 91, 253.

LorHRKE, R.I. & NaciB, A. M. 1972 Agard Rep. 598.

LuMmiEYy, J. 1969 Ann. Rev. Fluid Mech. 1, 367.

McGuirxk, J. J. & Ropr, W. 1979 J. Fluid Mech. 95, 609.

Mavry, D. J. & MitLiNgR, M. G. 1978 Coastal Engng 2, 149.

Mavarr, W. H. 1979 Principles of Design. Design Convention, London.

MorratT, H. K. 1981 J. Fluid Mech. 106, 27.

Monin, A. S. & OBUukHOV, A. M. 1954 Akad. Nauk SSR Leningrad. Geofiz. Inst. Trudy 151, 163,
Translated in Aerophysics of Air Pollution (eds. J. A. Fay & D. P. Hoult), ATAA New York
1969.

MoreaU, R. 1980 Proc. 15th Int. Cong. Theor. & Appl. Mech. North Holland.

MoreLL, T. & Darrow, C. 1979 Aerodynamics of Transportation. A.S. M.E.

MorToxn, B. R., TavLOR, G. I. & TURNER, J. S. 1956 Proc. Roy. Soc. A 234, 1.

OcInvig, F. T. 1963 J. Fluid Mech. 16, 451.

PanNorsky, H. A. 1974 Ann, Rev. Fluid Mech. 6, 147.

Pasquiry, F. 1961 Met. Mag. 90, 33.

PENWARDEN, A. D. & Wisg, A.F. E. 1975 Wind environment around buildings. BRE Rep.
London: HMSO.

PEREGRINE, D. H. 1981 J. Fluid Mech. 106, 59.

Porer, M. 1980 Proc. 5th Int. Conf. on Wind Engineering. Pergamon.

Rassg, D., LEGraND, M., DEROUANE, A., VERDUGN, G. 1976 Proc. Conf. Systems and Models in
Air Pollution. Inst. Meas. Control, London, paper 15.

RiBNER, H. S. & Tucker, M. 1953 N.A.C. 4. Rep. 1113.

RockwEeLL, D. & Navupascuer, F. 1979 Ann. Rev. Fluid Mech. 11, 67-94,

SarrMaN, P. G. 1981 J. Fluid Mech. 106, 49.

ScHUMACHER, E. 8. 1973 Small is Beautiful. London: Sphere.

ScorERr, R. S. 1980 Clean Awr 10, no. 5.

Scruton, C. 1963 Nat. Phys. Lab. (Teddington U.K.) Aero. Rep. 1012,

SHERCLIFF, J. A. 1979 J. Fluid Mech. 91, 231.

SHERCLIFF, J. A. 1981 J. Fluid Mech. 106, 349.

SxypEr, W. H. 1973 Boundary Layer Met. 3, 113.

Sovron, (., MoREL, T. & Mason, W.T. 1979 Aerodynamic Drag Mechanisms of Bluff Bodies
and Road Vehicles. Plenum.

SweeT, R. G. 1965 Rev. Sci. Inst. 36, 131.

TavrLor, G.I. 1921 Proc. Lond. Math. Soc. 20, 196.

TownsEND, A. A. 1976 Structure of Turbulent Shear Flow (2nd edn). Cambridge University
Press.

TrRYGVASON 1980 Proc. 5th Int. Wind Eng. Conf., p. 1061. Pergamon.

UnxcLEs, R.J. & Raprorp, P.J. 1980 J. Fluid Mech. 98, 103.

WAaRDLEY SMmITH, J. 1976 The Control of Oil Pollution. London: Graham & Trotman.



130 J.C.R. Hunt

Watsoxn, J. H. P. 1973 J. Appl. Phys. 14, 4209.
WHITE, D. F., RoDELY, A. E. & McMURrTIE C. L. 1974 In Flow, its Measurement and Control

in Science and Industry, vol. 1. pt 2. Pittsburgh, Pa. I.8.M.A.
WiLLg, R. & FErnHOLZ, H. 1965 J. Fluid Mech. 23, 801,
Woobping, R. A. 1957 J. Fluid Mech. 2, 273.
Yarin, M. S. 1971 Theory of Hydraulic Models. Macmillan.



