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Fig. 1. The ratio o of non-frictional nonlinearity to frictional nonlinearity with relation

to the depth % and quadratic friction coefficient v for semidiurnal waves. The shaded

area shows that the occurrence of shock wave is possible under that condition.
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Table 1. The exact expression of the coefficient C,,» of the development of {u|u in case of two waves.
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Table 2. The expansion of C,,x in the form of series with respect to s.
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NONLINEAR EFFECTS OF TIDAL FRICTION (I)*

Fang Guohong

(Institute of Oceanology, Academia Sinica)

Abstract

The nonlinear interactions of the tidal waves propagating in an infinite homo-
geneous shallow canal are analysed. The exact expressions of the coefficients of the
Fourier development of |u|u are presented when u contains two waves, and an
approximate development is also given when wu contains three or more waves.
The approximate solutions for the primary and subordinate waves are given, and
some conclusions are drawn: (1) Under the aetion of quadratic friction when
the primary waves travel together, their amplitudes will decay at different rates. (2)
The nonlinear friction causes the oceurrence and growth of subordinate waves with
frequencies 20y — 0y, 20; — 01, 30y, 303°+-, but the subordinate waves can not
develop unboundly owing to friction. (3) Because of frictional nonlinearity, the pra-
ctical nodal faetors f used in analysis and prediction should differ from the theore-
tical ones: the practical variational ranges of the values f should usually be smaller
than the theoretical ones, (4) The growth of the over tides excited by non-frietional
nonlinearity is reduced by friction, and it is inferred that in a homogeneous canal,

oo
the shock wave can not occur unless the eondition’\/ R > 0.141 is satisfied. (5) the

friction enhances the wave with frequency gi-0. (ei. MS; for M, and S, interaction)
and make the daily mean sea level higher at spring tide than at neap tide.

The paper is separated into two parts; part (I) ineludes two sections and part
(IT) includes the other three sections.

In See. 1, the governing equations (1.1) are written. The friction is considered
as being partly nonlinear because of high correlation of the function |uju to the
velocity u. The nonlinear part of the friction is characterized by the quantity &}
[Eq. (1.2), where a is independent of the time ¢ and determined according to the
condition degf/de= 0], and the non-frictional nonlinearity is characterized by s,
[Eq. (1.3)]. The ratio of these two nonlinearities for a non-dissipative sinusoidal
wave 1s given in Eq. (1.4). -

See. 2 contains the development of the function |u|u. In case of a single wave
(2.1), the Fourier development of |uju (2:2) is well known, but for two waves (2.3),
only the approximate expressions (2.5) for the components of the development with
frequencies g, and 0. were given by Jeffreys. The complete development takes the
form of (2.22), where the exact éxp‘ressibns of the Fourier coefficients Cn.. of the
major components are listed in Table 1. Table 2 gives the expansions of C.. in the
form of series with respect to s, and the numerical values of C.. are specified in
Table 3. When three or more waves (2.23) are taken into account, the approximate
development of |ufu is shown in Eq. (2.27).

* Contribution No. 529 from the Institute of Oceanology, Academis Sinica.



