JOURNAL OF MARINE RESEARCH

The Journal of Marine Reseasam online peereviewed journal that publishes original
research on a broad array of topics in physical, biolpgimdichercal oceanography.
In publication since 1937, it in@of the oldest journals in American maisceenceind
occupiesaunique niche within the ocean sciences, with a rich tradition and digthmed
historyas part othe Sears Foundation for Marine ReseaatlYale University

Past and cuant issues are availalaligournalofmarineresearch.org.

Yale University provides access to these materials for educatidmesearch purposes only.
Copyright or other proprietary rights to content containedhis documentnay be held by
individuals or entitie®ther than, or in addition toyale University You are solely responsiblor
determiningthe ownership of the copyright, and for obtainingrmission for your intended use.
Yale University maka® warranty that your distribution, reproductipar other use of these
materialswill not infringe the rights of tird parties.

@@@@ This work is quensedjnd_ertheCreative(_:ommpnsAttributi_on- _
e NonCommercialShareAlike4.0 InternationallLicenseTo view acopyof this
licenseyisit http://creativecommons.org/licenses/fyc-sa/4.0/
PS TFOE B MFUUFS UP $SFBUJWF $PNNPOT 10 #PY

Journal of Marine Reseal®dars Foundation for Marine Research, Yale University
PO Box 208118, New Haven, CT 68328 USA

(203)4323154 fax (203)-6872 |jmr@yale.edu www.journalofmarineresearch.org

.PVOUBJO



LABORATORY EXPERIMENTS ON WIND-GENERATED
WAVES

By

J. R. D. FRANCIS
Imperial College of Science and Technology, London

INTRODUCTION

It has long been known that the study of wind-generated waves on
a water surface is difficult in the laboratory because of the large
“fetch,” or distance downwind, needed for the growth of waves large
enough to behave as gravity waves rather than capillary ripples.
Johnson (1948), on the evidence of experiments by Stanton et al.
(1932) and those of his own at Clear Lake, California, concludes that
a channel 311 feet long with a windspeed of 4.5 feet/sec. would repro-
duce the prototype conditions of a 10 mile fetch with a 40 m. p. h.
wind. This assumes that one fetch and windspeed is a model of any
other fetch, when the windspeeds vary according to the ordinary
model law

where T is the period of the waves and U is the windspeed, the relation
between Fetch/U? and T/ U being given by an experimental curve that
determines the minimum length of channel. However, in the example
quoted, the prototype windspeed happens to be greater than a possible
critical windspeed to which Munk (1947)! drew attention, while the
model windspeed is less. If, as Munk suggests, the existence of this
critical velocity corresponds to two different types of airflow over the
waves, then the model law needs amplifying, for clearly it would not
be justifiable to compare waves generated by one regime of airflow in a
model with prototype waves generated by another. At still lower
speeds there is another difficulty. For instance, referring to the other
example quoted by Johnson (1948), where a 10 mile fetch with 5 m. p. h.
wind is to be represented by a laboratcry channel as long as 2,000
feet, then on the preceding basis the wind would be only 1.4 feet/sec.,
which is less than Jeffrey’s (1925) minimum windspeed of 3.4 feet/sec.,
and no waves at all would be generated. Hence, indoor experiments

! However, additional experimental values of wind shear stress published by
Bruch (1940) and Roll (1948), when plotted on the shear stress-windspeed axes in
a similar manner to the evidence quoted by Munk, do not altogether confirm the
existence of the critical velocity.

(120)



1949] Francis: Laboratory Experiments on Waves 121

can be done only in channels of practical size when the windspeeds are
greatly exaggerated, possibly even to the point at which they equal
the prototype speeds, but even then the fetch and the dimensions of
the waves must be restricted by some convenient artifice.
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Figure 1. Channel Ci. Dotted lines show outline of tinplate island of Channel Ci;.

Possibly some of the difficulties in studying the growth of waves
may be avoided by an endless channel in the form of an annulus. If
the wind is always acting circumferentially round the channel, then
the waves should eventually become typical of those at an infinite
fetch in a straight channel of the same cross section. The frictional
effect of the wall remains, of course, and there is a possible disad-
vantage that the wavelength at any instant may be restricted to an
integral submultiple of the length of the annulus; but the arrangement
is compact, needs little power, and the shape and behavior of the waves
are likely to be similar to those in Nature. The following experiments
define the possibilities of such channels up to a size 6 feet in diameter
and 1 H. P. input. The effect of varying the proportions of the
annulus was investigated and the shape of the waves so formed was
observed.

































