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Abstract—The modern viewpoint which regards dimensional analysis as the basis for a theory
of scaling is discussed. Several specific examples are illustrated to show how an ingenuous
application of dimensional analysis and scaling may yield some very significant insight on the
solution of the problem considered. Conclusions of a hopefully somewhat general nature are

extracted from the examples considered. © 1997 Elsevier Science Ltd
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INTRODUCTION

Professor Sharma’s contributions to chemical engin-
eering science have been mostly in what might be
called ‘classical’ chemical engineering, or in what is
nowadays described as ‘the core areas’. The core areas
have (in my opinion, unfortunately) rather come out
of fashion in the last decade, but it seems appropriate
that a paper dedicated to the 60th birthday of Prof.
Sharma should be one in classical chemical engineer-
ing, and I am convinced that the real essence of
chemical engineering is the ability to reduce an inex-
tricably complex real life problem to something which
can be (at least in the best possible case) reduced to
a ‘back of the envelope’ calculation. Such calculations
are invariably based on dimensional analysis, appro-
priate scaling, and order of magnitude estimates.

The concept of ‘dimensions’ goes back to Greek
science; Euclid (ca. 300 BC; see Heiberg and Menge,
1883-1916, Heath, 1921) considered restrictions im-
posed upon geometrical operations based on require-
ments of homogeneity; Ptolemy (ca.120 A.D.; see
Heiberg, 1887; Schnabel, 1938) wrote a book entitled
‘On Dimension’. The restrictions were in fact overly
strict ones, since for instance multiplication of four
quantities all having dimensions of a length was re-
garded as forbidden (Heath, 1921) (dimensions and
directions in space were confused with each other),
and, a fortiori, multiplication (or division) of two
quantities having different dimensions was also for-
bidden. Indeed, one has to go all the way to Newton
(1678) to find the idea that one could divide (or multi-
ply) two quantities with different dimensions—that
what nowadays are called ‘derived’ or ‘secondary’
quantities in dimensional analysis are legitimate ones.
Euler’s (1765) significant contributions to the develop-

tDeceased.

ment of dimensional analysis went largely unnoticed
until the second half of the 19th century.

The modern viewpoint on dimensional analysis was
probably originated by Rayleigh: in the index to his
‘Theory of Sound’ (1877-1878) there is the entry
‘Method of Dimensions’. One may discern three suc-
cessive phases of development of dimensional analy-
sis: in its original formulation it was called ‘the
principle of similitude’ (Rayleigh, 1915), and it had to
do essentially with the identification of the dimension-
less groups relevant to any given problem, and thus of
some results (which only in hindsight may be regarded
as elementary) of the type: ‘the period of a pendulum is
independent of its mass’. The best discussion ever of
classical dimensional analysis (which is also quite
relevant to the more recent viewpoint) is more than 70
years old (Bridgman, 1922). We urge the reader to
study that book—it’s not a long one, and it is easy to
read, and once one has reached its end lots of things
one had learned by heart but did not really under-
stand have become crystal clear. [Earlier versions of
the m-theorem usually attributed to Buckingham
(1914) are due to Rayleigh (1879), Vashy (1892),
Riabouchinsky (1911), and in fact the theorem can be
traced back to Fourier (1822); the early history of
dimensional analysis is discussed by Macagno
(1971)]. Applications of dimensional analysis to en-
gineering problems was by no means unheard of in
the pioneers’ time, as witnessed by the works of such
giants as Einstein (1911), Reynolds (1883) and Lord
Rayleigh (1892, 1904, 1915). [In his 1915 paper,
Rayleigh wrote a sentence which is perhaps the stron-
gest tribute ever given to the power of dimensional
analysis: ‘It happens not infrequently that results in
the form of ‘laws’ are put forward as novelties on the
basis of elaborate experiments, which might have been
predicted a priori after a few minutes’ consideration’.
Perhaps, nowadays it takes more than a few minutes,
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