CC/NUMBER 2

___This Week’s Citation c,ass'c ® JANUARY 14, 1991

Aris R. On the dispersion of a solute in a fluid flowing through a tube.
Proc. Roy. Soc. London Ser. A 235:67-77, 1956.
[Department of Chemical Engineering, University of Minnesota, Minneapolis, MN]

Taylor showed that the effect of diffusion across a flow
profile was to disperse a solute in the direction of flow
with an apparent diffusion coefficient inversely pro-
portional to the molecular diffusivity. This result is
generalized by considering the growth of the mo-
ments of the distribution of the solute. [The SC1®
indicates that this paper has been cited in more than
565 publications.]
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Sir Geoffrey Taylor’s analysis of the dispersion
of soluble matter in flow through a straight tube+
could not have been published at a more oppor-
tune moment for me, as a raw young mathema-
tician working at the Billingham Division of Im-
perial Chemical Industries. My ass was
to study the latest analytical tool, vapour phase

chromatography, to see if a mathematical ap-

proach could improve its accuracy and effi-
ciency. If there is a variation of flowrate across a
tube, a small bolus of marked molecules will go
down the tube as a compact bunch, since its
members will dance back and: forth between
faster and slower streams and all experience the
mean speed. if, on the other hand, their mobility

across is restricted, those that happen to be near

the center in the fast streams will stay there fora
longer time and move farther, while those that
happen to start in a slow stream will not move
much at all. They will be much more spread out
in the direction of flow. The combination of
lateral diffusion and flow profile induces a longi-
tudinal dispersion.

Taylor, using a simple physical argument and
his insight into which terms were significant,
had found the apparent diffusion coefficient for
laminar flow in a tube of circular cross section to
be a2U2/48D, where a is the radius, U the mean

velocity, and D the molecular diffusion coeffi-
cient. Lacking Taylor’s skill, 1 found his argument
hard to follow, but chromatography had accus-
tomed me to think in terms of the moments of a
peak, and half the rate of of the variance
nﬂuappmndiﬁldonmdﬁdamudng&u'
approach, 1 was able to remove s restric-
bonsat:lpﬂhegemnlmdtof (D+ka)22/D,
where k is a constant depending on the geome-
try of the tube and the flow: This combination,
which allows for the diffusion in the direction of
flow a3 well as across it, was confirmed by some- .
careful experiments of Kenney? and others.
Whether any of this would ‘have improved
nhafdtony;brlwuswuly‘
started on it when | was told to reactors

: mddeddedﬂmﬂledlopping“anddmgingsof

industry was not for me. So the work.wag com-
pleted in the evenings and came out whén | was
first at Mihnesota, being kindly communicated
by Taylor to the Proceedings of the Royal Soci-
efy. The moment approach caught on and was
used in a number of chemical and civil ‘
ing problems. it has been used by Brennerd in a’
very penetrating analysis of generalized disper-

. sion and applied by him to many spedal cases.

Some mathematical deficiencies of my paper,
whididdnotcomtolrgiﬁasluudonlyas-
ymptotic forms, were kindly corrected by Bar-
ton* in. 1983. An extension to oscillating flows
that I.made in 1960. has quite recently- been
applied by Leighton and McCready® to the en-
hancement of separation by liquid membranes
in a device soon to be patented.
Thepopularnyofthepapevhasmudnodo-
with the happenstance of timing. The moment
approadlwmncwtombemmeldldn'tknow
the literature well. And the generalizations were
matters of detail once Taylor's basic insight was
. Some have been kind enough to use the
term Taylor-Aris dispersion. | take it as a very
great honor to be so associated, though the
honor is really to Taylor, whase name could be
properly attached to so many things that it is
talmeful to hyphenate him with an ordinary mor-
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