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NONLINEAR EFFECTS OF TIDAL FRICTION (II)*

Fang Guohong

(Institute of Oceanology, Academia Sinica)

ABSTRACT

The present part is a continuation of the previous part of the paper and contains
three sections.

Sec. 3 deals with the decay of the primary waves under the action of quadratie fric-
tion. The governing equations take the form of (3.1), the equations for the wave with
frequency ¢, are then given by (3.2), which can be transformed into (3.5) assuming that
the progressive wave is represented by (3.3). If the friction is weak, namely the ratio
u [see (3.10)] is small, the Eq. (3.5) may be simplified in the form of (3.7). The com-
ponents of the friction with the frequencies equaling to the primary waves are taken
from the development of friction, and the solutions (3.12) of the primary waves are
obtained (where only two primary waves are considered for simplicity). The solutions
show that when the waves travel together, the smaller one will decay with a faster rate.
The ratio of the decay exponents a:/a:; depends on the amplitude ratio s=U,/U: of
the waves, and is always greater than 1 fors< 1 (Fig. 2), as a consequence, the ampli-
tude ratio U,/U, will get smaller and smaller when the waves progress, and tends to zero
when x—> 00,

Sec. 4 disscusses the evolution of the frictional subordinate waves. In the develop-
ment of friction, there are terms with friquencies different from those of the primary
waves, these terms cause the occurrence and growth of the subordinate waves, such as
the waves 20:—0:, 20:—01, 30y, .... but once they occur, the friction will resist the
growth. For every subordinate wave, there are two principal forces acting on it, one
comes from the nonlinear effects of the primary waves and supplies the subordinate wave
with energy, the other is the resistance, which removes the energy from the subordinate
wave. As a result, the subordinate wave grows in the beginning, and reaches its ma-
ximum somewhere, then decays and vanishes at last. The approximate solutions of the
waves 301, 200—0: and 20.—g, (for v=3,0; 2, —1 and —1, 2) are given in the Egs.
(4.3), (4.6—T) and (4.10). It is pointed out that for the M.—S8. interaction, the subor-
dinate wave 2MS, has the same frequency as the primary wave p,, and the phase of 2MS§.
is generally opposite to that of .. In some regions, the constituent 2MS, may exceed
g and the phase obtained from the analysis of observations will be opposite to the phase
of the true y.. For the M—N; interaction, the wave 2MN. has also the same frequency
as L, and enhances the later, because their phases are generally consistent. It is also
pointed out that the values of the nodal factors f (which is in common use in analysis
and prediction of the tides) should havs some deviation from the theoretical ones be-
cause of the different decay rates of the primary waves and the occurrence of the frie-
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tional subordinate waves.

The friction not only yields subordinate waves by itself, itrmay also have some im-
portant influences upon the subordinate waves excited by the non-frictional nonlinearity.
See. 5 exhibits two of them. It is noted that in the absence of friction, the 20 wave
caysed by non-frictional nonlinearity will grow rapidly and gains an amplitude as large
as a half of that of the primary wave when shock wave oceurs. Under the action of
quadratic friction, the 20 wave can not get such an amplitude unless the condition that
p > 2.5 is satisfied. For semi-diurnal waves, this means that the depth of the canal
should be greater than ca. 1X 10" X 9* (metres). But the canal having such a depth
always has not enough length which allows the 20 wave to grow, because the nonlinearity
is rather weak in this case. It seems that the occurrence of the bore is almost practically
impossible in a homogeneous canal. Another influence is as follows: In the absence of fric-
tion, the amplitude ratio of the wave 01—ac. to the wave o,+o0: is only |oi—0:|/(0rt
0:), and this implies that the amplitude of M8, should be about 0.02 M8, But if the
friction is taken into account, the amplitude ratio will increase to 5/6 4. We may expeet
that the amplitude of M8, will be close to or even exceed MS, in the rivers, where the
value of p usually has an order of magnitude of 1.



