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RIP - CURRENTS

by
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ABSTRACT

The generation and stabilization of rip - current circulation patterns is
considered herein. An analytic model is developed to simulate the wave
hydrodynamic processes in the nearshore zone, strongly influenced by
the local bottom topography. The wave induced nearshore circulation
pattern is computed and the results compared to prototype field data.

INTRODUCTION

One of the most common hydrodynamic features of the nearshore zone

is the generation and stabilization of rip ~ current circulation patterns,
While the rip - current phenomenon is well known visually, its gener-
ating mechanism is not well understood., This understanding of the
characteristics of rip - current processes and nearshore circulation is
an important link in analyzing the complicated interaction between hydro-
dynamics and sedimentation in the coastal zone.

Presently there are two theories concerning the generation of nearshore
rip - current patterns. Bowen (1) proposed a driving mechanism con-
sisting of a longshore variation of average wave height across a rip -
current cell with waves impinging normally onto a plane beach, Bowen
suggested that this longshore variation of wave height might be due to
edge waves. While the circulation patterns appear qualitatively real-
istic, the quantitative results are not so optimistic.

Sonu (6) suggests that rip - current circulation patterns are strongly

influenced by the local bottom topography. The coupling of the wave
characteristics and bottom topography produced the necessary driving
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mechanism. A schematic description of the types of stream line patterns
occurring in the nearshore zone is described in Figure 1 from Sonu.
Detailed quantitative field data is shown in Figures 5 and 8 to correlate
with Figure 1,
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9. Meander under oblique wave incidence

Figure 1: Schematic Display of Current Patterns
due to Normal and Oblique Wave Incidence

[Sonu (6)].

In the following analysis an analytic model is developed to correlate rip -
current patterns with wave characteristics affected by the local non-
uniform bottom topography.
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THEORY

Figure 2 describes the coordinate system. To obtain the wave height and
direction field the ''geometrics optics'' approximation is utilized where
the ray equations describing the x, y and'g values along the ray are

% = cos g (1)

—?1% = sing (2)
and

—g% :-1? [sine% - cose—g-;] (3)

where s is displacement along the ray and ¢ is the wave celerity defined
by

c = —%—;\,r— tanh (%) (4)

Egs. (1) to (3) are kinematic equations describing the ray location. To
find the wave height, the intensity equation as given by Munk and Arthur
(5) is used

2
9B 4 p(s) & + qlskp = 0 (5)
ds?
where
_ X ; 1 3¢
p(s) = -COSG[Fé—g]"SmB['E—a-;] (6)
and
2 2
_ w2 1l 3¢ . 1 3¢
q(s) = sin"p [-E —a-x—z] - 2sing cosy [E axay]
2
+cos’y [-2-2] (1)
dY

The wave height due to refraction alone is then given by
- Ho (8)
NE

where Ho is the deep water wave height.

To solve Egs. (1) to (4) a 4th order Runga~Kutta technique is utilized where
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Eq. (4) is divided into two (2) first order equations, Thus, the simul-
taneous solution of five (5) first order equations yields the wave height
and direction field.

As the wave propagates into shore, the effects of refraction and shoaling
can produce a breaking wave. Consequently, an empirical breaking
criterion is imposed, From Miche (4) the limiting wave steepness is

2nd
—5 )
Ly,

Hy,
=2 - 0.142 tanh (

Ly,

although an examination of experimental data of waves breaking over a
horizontal bottom by LeMé&haut€ and Koh (2) indicates a better criterion
is

Hb anb
'L—" = 0.12 tanh ('—L'—-) (10)
b b

For the following analysis Eq. (10) has been utilized. Note that breaking
characteristics may be influenced by ''Pocal'' bottom slope which is not
considered herein,

Once the wave height and direction fields are known, the nearshore
circulation pattern can then be computed. To facilitate the analysis,
the momentum and continuity equations have been vertically integrated
and the time dependent and nonlinear terms neglected to yield

g5y - M - F (11)
g%ﬁ' =My - Fy az)

and the continuity equation

dlumtd)] | slvin+d)] _
— + =y - 0 (13)

where the radiation stress terms are [Longuet-Higgins and Stewart (3)]

1 laﬂxx BTXY]

My = - @) 3x Y3V 1)
M. {BGYY . B'rxy]
y pldm) "3y 3y
and the friction terms are
F o= —2cul (15)

x * (+d)T sinh kd
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_ __2¢cvH
Fy = (n+d)T sinh kd (16)
where
3 2 2 1 2 .2
Oux =16 pgH cos g +-i-6-p‘gH sin g 17)
3 2 .2 1 .2 2
Iyy :Tgng sin"g +T€ng cos g (18)
=n_ =pgH® sin2 19)
Txy = Tyx = lépg s ]

and c¢ is the friction coefficient and k = 27/L is the wave number,
Assuming that
ntd Td (20)

and defining a stream friction ¥y such that

Y _
S - _ug 21
5y u (21)
Y .

5 tve (22)

automatically satisfies the continuity requirement. Cross-differentiating
Egs. (11) and (12 and utilizing (21) and (22) produces the governing cir-
culation equation

where
Fo- .g__cH - (24)
d T sinh kd
2,3 2 1 .2
Toex H (l—écos g+ 16 sin 5) (25)
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— s B2 sin%y +L 2

5 = H (fpsin’g +7; cos’p) (26)
1.2 .

= = Tr—yx = EH sin 2g (27)

NUMERICAL COMPUTATION

To initiate the computation, the bottom topography must be everywhere
defined. An examination of the field data from Sonu (6), Figure 5
indicates that an approximate analytic representation can be obtained by
the relationship 1/3

-39

d(x,y) = 0,025%[1 + 20e

sin 10 (@%)] 28)

This produces a straight beach line (y-axis) and a periodic rip - current
channel decaying exponentally offshore into a plane beach.

The first case to be analyzed is that of normal wave incidence. The
computation proceeds by tracking the rays or orthogonals from deeper
water where Shell's law is valid into the area defined by Eg. {28).

. Figure 3 indicates the rays on one-half of the periodic beach since the
solution is symmetrical about the line y=0, The dotted line indicates
the position of wave breaking and notice that a caustic occurs as the wave
rays merge. While the "geometric optics' approximation breaks down
near acaustic, the wave has already broken so that the wave height
computation is determined from Eg. 10. The kinematical equations (1)
to (3) still produce results independent of the caustic and these are
assumed sufficient to provide wave direction data.

Following the ray solution, a algorithm is utilized to transform the
essentially ''random'' locations of wave height and direction into a
uniform grid by a two-dimensional interpolation scheme. The grid data
is then used to solve Eq. 23 by application of a Gauss-Seidel relaxation
algorithm with the boundary conditions,

y =0aty=0andy =40 meters
¥ =0atx=0and x = 385 meters

The final stream line solution for normal incidence is shown in Figure 4.
As a test case, a full period of 80 meters was used and the results were
identical with Figure 4 with similar stream line patterns mirror imaged
about y = 0 and 40 meters except that these streamlines are negative

in value. While qualitatively the results are reasonable, quantitatively
the maximum rip - current velocity is about 4 meters/second. This
seems to be much larger than existing prototype measurements from
Sonu (6), Figure 5.
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The next case examined was that of wave attack at an oblique angle to
the shore line, For this case, a deep water angle and wave height of

g =153°, H_=1,0 meters
o o]

was used, Typical rays are described in Figure 6 with the associated
breaker line. In this problem while the shore line and off-shore boundary
conditions are well defined as

¥ =0 atx =0and x = 385 meters

the longshore boundary conditions are as yet unknown. Since this is a
boundary value problem, the longshore y conditions must be apriori
constrained before a solution can be found. To solve this problem, the
numerical relaxation algorithm was allowed to update y along the line
y = 0 and the periodic condition was imposed that

¥ {x,y=80) =y (x,y=0)

Convergence for this case required about 700 iterations since the imposed
accuracy was very high. The solution for the stream function field is
shown in Figure 7. Notice the existance of a small negative area of y
which is a degeneration of the previously described negative cell produced
by normal wave incidence.

An examination of the prototype field data from Sonu (6) Figure 8

indicates a optimistic qualitative agreement. Quantitatively the numerically
computed maximum rip - current velocities are about 4 meters/second
which is much larger than observed values, Also, notice that the incom-
ing rip - current velocity is of the same magnitude as the outgoing velocity
which is not observed in the field and also the maximum rip velocity
direction is oblique to the imposed bottom topography.

RESULTS AND CONCLUSIONS

As previously indicated, while the analysis for normal wave incidence
Figure 4 yields qualitatively reasonable results, quantitative estimates
of the rip - current velocity are much larger than field measurements.
An examination of Figure 3 shows that in the channel area the breaker
line extends almost to the shoreline at y = 40 meters and out to x = 90
meters at y = 20 meters. Examining Figure 5, the field data does not
indicate this large variation in the breaker line and consequently this
suggests that there may be a strong wave-current interaction which
would produce a more uniform breaker line, Since this effect would
yield a more uniform longitudional wave height distribution, it is expected
that the rip - current velocity would be greatly reduced. The analysis
for wave-current interaction has been completed and the numerical
algorithm generated although presently no results are available.
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The case of oblique wave attack again yields much larger velocities
than field data, Since the field data Figure 8 shows a definite skewing
of the rip - channel in line with the current vector, the following depth
configuration was recently imposed

x,1/3

-39 10
d(k,y) = 0.025x 1 + 20e sin ’sﬂd (y -xtan )]

(29}

where o = 30°, This depth function effectively skewed the rip ~ channel
309 to the x-axis and performing the ray computations through the relax-
ation procedure produced a solution very similar to Figure 8 except that
now the maximum rip - current velocity was about 1.8 meters/second
and the incoming rip - current velocity was much smaller than the
outgoing velocity. This then indicates the importance of the bottom
topography and also shows that such a profile as given by Eq. (28)
would probably be scowed by oblique waves and possibly produce a
bottom profile similar to Eq. (29). Unfortunately at press time a
graphical display of the stream function solution to Eq. (29) is not
available.

The previously described results is part of a continuing research effort
to describe the hydrodynamic and littoral nearshore environment. The
preliminary results herein are very optimistic and indicate that the
local bottom configuration may be very important in the determination
of the nearshore wave-induced circulation pattern.
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