
CHAPTER 40 

COMPUTATION  OF  LONGSHORE  CURRENTS 

Ivar G.  Jonsson1,  Ove Skovgaard2  and Torben S.  Jacobsen3 

ABSTRACT 

The steady state profile of the longshore current induced by regular, 
obliquely incident, breaking waves, over a bottom with arbitrary paral- 
lel bottom contours, is predicted.  A momentum approach is adopted. The 
wave parameters must be given at a depth outside the surf zone, where 
the current velocity is very small.  The variation of the bottom rough- 
ness along the given bottom profile must be prescribed in advance. 
Depth refraction is included also in the calculation of wave set-down 
and set-up.  Current refraction and rip-currents are excluded.  The 
model includes two new expressions, one for the calculation of the tur- 
bulent lateral mixing, and one for the turbulent bottom friction. The 
term for the bottom friction is non-linear.  Rapid convergent numerical 
algorithms are described for the solution of the governing equations. 
The predicted current profiles are compared with laboratory experiments 
and field measurements. For a plane sloping bottom, the influence of 
different eddy viscosities and constant values of bottom roughness is 
examined. 

1. INTRODUCTION 

When breaking waves approach a straight coastline at an oblique an- 
gle, a mean current tends to be set up parallel to the coastline.  The 
prediction of such longshore currents and the associated sediment trans- 
port is of prime importance for the coastal engineer. 

It has been general practice to predict the alongshore sediment 
transport based on simple refraction calculations. When this method 
is used, all wave orthogonals stop at the breaker line, and the bathy- 
metry in the surf zone is excluded in the prediction.  To calculate 
the profile of the longshore current would be a better starting point, 
and then calculate the sediment transport.  Such a prediction is not 
yet possible, but the present paper is a step in the above-mentioned 
direction.  A recent survey of the subject has been given by Longuet- 
Higgins (1972). 
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Fig. 1-A Cross section and plan 

A steady state theoretical model is presented here, which for a given 
arbitrary variation of parallel depth contours and bottom roughness pre- 
dicts the profile (mean over depth) of the longshore current (see Fig. 
1-A) from given values of regular wave parameters. Continuous breaking 
in the surf zone is assumed. Depth refraction is included, also in the 
calculation of wave set-down and set-up. Current refraction and rip- 
currents are excluded. The model does not assume infinite water depth, 
where the ocean boundary condition (see Fig. 1-A) is formulated. 

In contrast to most other models, the present study uses a non-linear 
bottom shear stress term. The model has the same two independent param- 
eters (breaker height to depth ratio and bottom roughness) as Thornton 
(1971). The approach is different in this respect from Longuet-Higgins 
(1970) , which has three parameters (breaker height to depth ratio, a con- 
stant C (in the friction term), and a constant N (in the mixing term)). 

The applied numerical method is easy to use for arbitrary variations 
of bottom profile and roughness. The examples presented in the paper 
have a constant bottom slope and roughness, however. 
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2. ASSUMPTIONS AND SHORTCOMINGS 

As regards the sea bed, we assume straight and parallel bottom con- 
tours (but allow for an arbitrary bottom profile), so Snell's law can 
be applied.  Furthermore the depth in the surf zone must be monotonously 
decreasing. The waves are regular Stokes waves of the lowest order, i.e. 
the phase velocity is 0(H°), particle velocities are 0(HX), momentum, 
pressure and energy are 0(H2), et cetera, where H is the wave height, 
and '0' denotes 'order of magnitude'.  In the surf zone, furthermore, 
the usual shallow water approximations are made.  The breaking criterion 
used is 

HB = 0 hB (2.1) 

in which hB is the water depth at the breaker line (Fig. 1-A).  B is a 
dimensionless figure (of the order 1), which is assumed constant through 
the surf zone, thus implying spilling breakers.  So in the surf zone, 
the wave height is determined by Eq. 2.1, without indices. 

Outside the surf zone, energy losses are neglected, although a bed 
shear stress is included also in this zone, see Eq. 3.4 a.  The effect 
of this inconsistency is considered small.  The ocean boundary line 
(see Fig. 1-A) is so chosen, that the actual current velocity is very 
small here.  Along this line we also assume parallel wave orthogonals 
and constant wave height.  So we end up with a one-dimensional model, 
since rip-currents are neglected.  Thus the variations in the mean water 
level (n) and in the current velocity (V) are dependent only on the dis- 
tance from the shore line.  Current refraction (see Jonsson et al. (1971), 
and Jonsson (1971b)) is neglected.  This can to some extent be justified, 
using the argument that the angles of incidence are normally small where 
the current velocities are high (i.e. in the surf zone) and vice versa. 
For the detailed assumptions leading to expressions for the turbulent 
bed shear and the lateral turbulent mixing, reference is made to Chap- 
ter 4. 

The current velocity is assumed parallel to the coast and constant 
over depth in any vertical.  Wind effects are excluded. 

It would be fair to mention also, what are considered to be the major 
shortcomings of our model:  These are the use of linear wave theory and 
of regular waves, and the neglect of current refraction and rip-currents. 
(In a recent study, James (1972) introduced finite amplitude waves. 
Battjes (1974) used irregular waves, but on the other hand neglected 
lateral mixing.)  Also the mixing length hypothesis introduced in Chap- 
ter 4 may be doubtful, especially outside the breaker line. 

3. THE MOMENTUM EQUATIONS 

In this study a momentum approach is adopted for a steady state situ- 
ation.  So the equilibrium equations perpendicular to and parallel to 
the shore line must be formulated.  It should be noticed that all forces 
and stresses in these equations are mean values over the wave period T. 
All forces in vertical sections are first integrated over depth, and are 
given per unit horizontal length. 
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EQUILIBRIUM PERPENDICULAR TO THE SHORE LINE 

Assuming no net shear stress at the bottom, only pressure and (normal) 
momentum forces have resulting components at right angles to the coast. 
(Shear forces at the ends of the element in Fig. 3-A cancel out.) 

99h; 

Fig. 3-A 
Forces having components 
perpendicular to the 
shore line 

M and P being momentum and total pressure forces over depth h (=D + n< 
see Fig. 1-A) per unit length in the y-direction, horizontal equilibrium 
yields, 

d(M+P)/dx + p g h tan a = 0 (3.1) 

p and g are density and acceleration due to gravity. Note the differ- 
ence between D and h, being undisturbed and actual depth, respectively. 
The 'excess normal stress' axx is defined by 

HM + P-ypgh2 (3.2) 

For normal incidence, axx is simply the radiation stress.  If Eq. 3.2 is 
inserted into Eq. 3.1, we find, using also h = D + r\  and tana = - dD/dx 

daxx/dx = - p g h dn/dx (3.3) 

Eq. 3.3 constitutes in fact two ordinary differential equations, one in- 
side and one outside the breaker line.  If Oxx is known (Chapter 4), Eq. 
3.3 can be integrated to yield the mean water level r) (wave set-down 
and set-up,. Chapter 5). 

EQUILIBRIUM PARALLEL TO THE SHORE LINE 

Neglecting the wind, we have three types of forces having resultant 
components parallel to the shore line. Firstly there is the 'driving 
force' T , which is the flux of y-momentum across a plane parallel to 
the shore line, created by the oblique water particle velocities.  The 
gradient of T is balanced by the bed shear stress Tj., and by the gradi- 
ent of the horizontal shear force Tv due to turbulent mixing. 

As we neglect dissipation outside the surf zone, the gradient of Tw 
vanishes here. So, again, we deal with a system of two equations. 
With the sign conventions in Fig. 3-B we get: 

Outside the surf zone - Tb + dTv/dx = 0 (3.4a) 

In the surf zone dTw/dx - Tb + dTv/dx = 0 (3.4b) 
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Fig. 3-B 
Forces parallel to the 
shore line 

The equilibrium conditions, Eqs. 3.3 and 3.4, are in fact formally 
correct for a one-dimensional situation, as considered here.  The prob- 
lem is that neither of the four quantities axx, Tw, T^, and Tv can be 
determined with any great accuracy. 

4. CALCULATION OF FORCES AND STRESSES 

In this chapter we shall derive expressions for o"xx (to be used in 
Eq. 3.3), as well as for T , T, , and T  (to be used in Eq. 3.4). 

PRESSURE AND MOMENTUM FORCES 

tensor (see for instance Longuet-Higgins (1970) p. 6780, Eq. 12), or 
taken directly from Jonsson (1971a) Eq. 2.9, by putting e = 0,6 =  TT/2, 
and substituting a by 6, or from Jonsson and Jacobsen (1973) Eq. 2 

0       =r^-pgH2G + fLpgH2(l+G) cosZ6 (4.1) 
XX   XD lb 

in which 

G = 2kh/sinh 2kh (4.2) 

k is the wave number = 2ir/L, where L is the wave length.  6 is the angle 
of incidence. Fig. 1-A. 

The wave shear force Tw is also easily calculated from the momentum 
flux tensor, or taken directly from Jonsson (1971a) Eq. 2.10, by putting 
e = 0, 6 = TT/2, and substituting a by 9. With the sign convention in 
Fig. 3-B we find 

1      o      • 
T =- — pgH^d+G) sin 9 cos ( 
w     lb 

(4.3) 

BOTTOM FRICTION 

The essence of the calculation of the bottom shear stress presented 
below is the introduction of a simple interpolation formula, based on 
expressions for a pure current and a pure wave motion, assuming rough 
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turbulent flow.  (A similar consideration, for waves and currents going 
in the same direction, was proposed with some success by Jonsson (1966).) 

Consider first waves at right angles to the current direction.  The 
particle velocities just above the wave boundary layer are shown in Fig. 
4-A.  It is now assumed that the instantaneous bottom shear stress Ti is 

«K = usmcos 

Fig. 4-A ^ 
Instantaneous particle velocity U 
near the sea bed. ubm is the 
maximum wave particle velocity 

in the direction of the vector sum D of the longshore current velocity V 
and the instantaneous wave particle velocity ufa 

V^i" u u (4.4) 

The problem is hereafter to determine a reasonable expression for the 
friction factor f.  For u = 0° (no current, see Fig. 4-A), f equals 
the wave friction factor fw, as defined by Jonsson (1967).  Similarly, 
for y = 90° (no waves), f equals the current friction factor fc.  So, 
in the absence of measurements and theory, the following simple inter- 
polation formula is suggested 

f f + (f -f ) sin p w    c  w (4.5) 

Through ]i,   f' becomes a function of time t.  Introducing Eq. 4.5 in Eq. 
4.4 we find the following expression for the mean value of the bottom 
shear stress parallel to the coast 

Tb = fs7Pv2 

with 
f
c 

+   (?/1+tubnA>2 E<m> -0 f* 

(4.6) 

(4.7) 

In Eq. 4.7, u^ appears from Fig. 4-A, and E is a complete elliptic 
integral of the second kind, with parameter m given by 

"bm 
+ V 

(4.8) 

(In the actual calculations it proved necessary to deal with the comple- 
mentary parameter.)  For a weak current, Eqs. 4.6 and 4.7 reduce to 
T^ = (l/n) fw p ubm V, which equals the expression used by Thornton 
(1971), see also Lundgren and Jonsson (1961). 

The wave friction factor fw is a function of the ratio between wave 
particle amplitude at the bottom, abm, and the Nikuradse sand roughness, 
kjj.  In this study the expression proposed by Jonsson (1963,1967) is 
used, as modified by Skovgaard et al. (1975).  The modification is sim- 
ply that a constant value, fw = 0.24, is used for a./kjj < 2.  (Recently 
Riedel et al. (1973) have made comprehensive measurements of f in an 
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oscillating water tunnel.  For akmAN > 1, their values are apparently 
only about 60% of those used here, and so will result in a stronger 
longshore current, all other things being equal.) 

The current friction factor fc is a function of the ratio between 
the water depth and the roughness.  The usual expression for fc: 
fc = 0,3?/ipgg(1 Ih/kjj,) was used in a slightly modified form to avoid 
the singularijEy at h = k^/11. For details, see Olsen and Vium (1974). 

Up to this point, bottom friction has been calculated for wave inci- 
dence perpendicular to the current.  Considering the uncertainty in the 
determination of Tb, however, Eqs. 4.6 and 4.7 will be used without cor- 
rection for G being different from zero.  An example of the calculated 
variation of f is shown in Fig. 4-B.  The bottom is a plane slope. The 
amplification of the current friction factor due to the wave is quite 
clear, as expected most noticeable where the current is weak. 

-300 

 T  r 1 1  i       i ..    i 1 1 1 1 T  "i— —i 1 1  

'* _ 
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\         'S 
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__ 

0.0 i 1                 1                  I 

200 x(m) - 100 0.0 100 

Fig. 4-B Friction factors f  (current+wave) and 
f0 (pure current) for a plane slope 1:50. 
T = 8 s, Hst = 2 m, 9st = 30° (=» 60R*45°) , 
hst = 10 m(=» xst?a500 m), 6 = 0.8, kjj =0.10 m 

TURBULENT MIXING 

Finally we shall evaluate the lateral shear force T over total depth, 
due to turbulent mixing.  In our model we have adopted a mixing length 
consideration, relating the mixing length to the wave particle amplitude. 
Using the classical Prandtl approach, j^e write the correlation expression 
for the shear stress as the product of the mean values of the absolute 
values of the turbulent velocity fluctuations u' and v', i.e. 

T/p = - u'v' «* u' Try (4.9) 
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In the x-direction we then assume 

lu'l  « - u    cos 6 = ~a    cos6 (4.10) 

am = um T/(2TT) being the amplitude of the wave particle motion. In the 
y-direction we find, with a^  cos 9 as a mixing length 

| v* | « £ dV/dx Rf am cos 6 dV/dx (4.11) 

Since the eddy viscosity VT is defined from x/p = VT dV/dx, we find from 
Eqs. 4.9, 4.10, and 4.11 

VT = f am COs20      (4-12) TV=P"VT|     (4.13) 

In the surf zone, shallow water approximations are introduced in Eq. 
4.12.  Outside the breaker line, Eq. 4.12 is also used (with a mean-over- 
depth value of a^), although a quite different mixing mechanism exists 
here.  It is expected that Eq. 4.12 overestimates the eddy viscosity in 
this region. 

An analogous approach was originally proposed by Thornton (1971). 
He uses shallow water approximations also outside the surf zone, and his 
value of VT is half that given by Eq. 4.12.  (It is difficult to have 
any strong opinion of which of the two expressions for V„ is the best. 
Nor is the effect on the velocity profile large, see Fig. 7-B. It should 
be mentioned, however, that an analytical error has crept into Thornton's 
expression for dTv/dx, which is the first term on the right hand side of 
his Eq. 37. The water depth ought to be moved in between the brackets, 
since it is a function of x and thus also should be differentiated. The 
error stems from his Eqs. 8 and 36, where differentiation and integra- 
tion seem to be performed in the wrong order.) 

5. NUMERICAL SOLUTION 

Having found expressions for a  , T , iv, and Tv in Chapter 4, it is 
now possible to solve the momentum equations 3.3 and 3.4.  Since we neg- 
lect the 'feed-back' of the current on the wave motion, it is possible 
to solve the momentum equation perpendicular to the shore independently 
of the one parallel to the shore.  (So V is in fact neglected in the 
calculation of nO  Using the water depths thus obtained (i.e. including 
set-down and set-up), the longshore current emerges as a solution to the 
momentum equation parallel to the shore. 

WAVE HEIGHT AND BREAKING DEPTH 

Outside the breaker line, the wave height is determined from the as- 
sumption of constant transmission of wave power between orthogohals. 
From Eqs. 23-25 and 39 in Skovgaard et al. (1975) we get with K' = 1 

rJLI2 - rHst12 1 +Gst cst cosgst 
LLQJ   L LQ J   1+G  c  cos 6 ^'   ' 

where G is defined by Eq. 4.2.  Here the phase velocity is c=cQtanh kh, 
with cQ =LQ/T =gT/(2tr) ; the suffix o refers to the reference value for 
deep water.  In the surf zone, the wave height is determined by H = $ h. 



LONGSHORE CURRENT COMPUTATION 707 

The angle 6 in Eq. 5.1 is determined from Snell's law c/sin0 = 
c ./sin 6 t, i.e. (suffix st referring to the ocean boundary line) 

cos 9 = /1 - (c/cst)
2 sinz6st (5.2) 

Remark that only for (c0/cst) sin 0st < 1, we can define a reference 
value 0 for deep water.  This is the reason, why our model is formu- 
lated with an arbitrary bottom depth at the ocean boundary line.  In a 
laboratory experiment, one can choose wave period and wave maker angle 
independently of each other.  So one can easily find a situation, where 

 'CAUSTIC  

(AT FINITE DEPTH) 

SLOPE     t \ \ X 
\   \ 

CONSTANT \ 
DEPTH v 

SLOPE     t 

7777777777777777777777777777777777777777777777777777 

Fig. 5-A 
Experiment where 0Q 
is not defined 

0O simply is not defined. Such a case corresponds to an imaginary 
caustic behind the wave maker as sketched in Fig. 5-A.  If the present 
model had demanded deep water data as input, we could not compare cal- 
culations with an experiment like that shown in Fig. 5-A. 

The water depth hB at the breaker line is determined by the condi- 
tion, that the wave height must be continuous at this line, using Eqs. 
2.1 and 5.1.  This results in a transcendental equation with one root 
hB, which is determined by a Newton-Raphson iteration. 

WAVE SET-DOWN AND SET-UP 

The variation in the MWL outside the breaker line is determined by 
Eq. 3.3, with H determined by Eq. 5.1.  The solution to this first-order 
initial value problem is (Jonsson (1973)) n = - H2G/(16h) for xst < x < 
xB, see Fig. 1-A.  This corresponds in fact to n = 0 at infinite water 
depth.  From the above solution we find at the ocean boundary line: 
nst = - H

2
t Gst/(16hst).  For a given x, D = h - n is given, and not h. 

Therefore the equation for r\  is transcendental. 

The variation in the MWL in the surf zone is determined by Eq. 3.3, 
with H = g h.  The initial condition for this first-order problem is 
ri = - 02 hB/16 for x = xB.  This corresponds to G = 1 (i.e. shallow wa- 
ter approximation) in the above expression for r| at xB, and so gives a 
slight discontinuity here.  The solution is, using Jonsson and Jacobsen 
(1973) 

[1 + 8/(3 B2) - 2D c*] n = " D + 5hB/6 + c*(D
2 + n2-h2)      (5.3) 

for xB i  x < Xj,,.  In Eq. 5.3, c* =  g sin20st/(2 c
2
t) . For the determina- 

tion of XJJJ, see below.  For a given x, i.e. D known, Eq. 5.3 is a quad- 
ratic equation in r\. 
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The maximum set-up, r^, is determined from Eq. 5.3 with D = - n 

"m-^2 V1"! C*V <5"4) 
It is perhaps surprising to observe that in this model, the maximum set- 
up is independent of the bottom profile in the surf zone, for the same 
value of the water depth at the breaker line, 
for a given beach profile. 

Thornton (1971) p. 299, neglects the effect of waves approaching at 
an angle * 0 in his calculations of n. An evaluation of the effect of 
refraction on nm is given by Jonsson and Jacobsen, Fig. 2. 

THE LONGSHORE CURRENT 

The current velocity distribution V(x) is determined by Eq. 3.4. 
The differential equations turn out to be of the form 

gi(x) d
2V/dx2 + g2(x) dV/dx + f(x,V) = g3 (x) (5.5) 

where g3(x) vanishes outside the surf zone (Eq. 3.4 a). gt (x) , g2 (x) , 
g3(x), and f(x,V) are known functions of x and V.  So V is the solution 
to two second-order, non-linear, ordinary differential equations. The 
boundary conditions are: Vanishing current for h = h t and h = 0, and 
matching of the current and its gradient at the breaker line. Note that 
x t must be so chosen that the actual velocity (in an experiment or in a 
field case) is very small here. 

The matched (at x = xB) boundary value problem is solved as a sequence 
of pairs of linear boundary value problems, using Newton's method (i.e. 
Taylor expansion of the non-linear term), see e.g. Bailey et al. (1968) 
pp. 153-156.  As initial value in the Newton iteration was used V(x) =0 
for x t S  x $ x . The linear boundary value problems are solved by 
piecewise interior orthogonal collocation (or global spline-collocation), 
see Skovgaard (1973) Sees. 4 and 5. A basic idea of orthogonal colloca- 
tion is that the solution of the differential equation is represented 
by a finite series of orthogonal polynomials. The unknown coefficients 
in this representation are found by satisfying the associated condi- 
tions and the differential equations at an appropriate number of se- 
lected points.  In this project shifted Jacobi polynomials were used. 
Most of the calculations were performed with the simplest form of Jacobi 
polynomials, namely Legendre polynomials, and with about 20 terms in the 
series for each differential equation.  The described numerical model 
was programmed in PL/I, using version 5.4 of the IBM OS PL/I (F) com- 
piler. All floating point calculations were done with approximately 
16 decimal digits. 

6. COMPARISON WITH MEASUREMENTS 

In this chapter some comparisons will be made between calculated 
longshore currents and observations.  These are few, however, if only 
for the reason that many problems arise in the selection of suitable 
data. For laboratory measurements a closer inspection of the data will 
sometimes reveal that a fully developed rough turbulent flow was not 
present - as assumed in the mathematical model. Field measurements, 
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on the other hand, are difficult to perform, so necessary information 
as input to our model is often lacking.  A special problem is a reason- 
able choice of bottom roughness.  In both cases the prediction of g 
(= H/h in the surf zone) is also difficult. 

LABORATORY EXPERIMENTS 

Fig. 6-A shows the calculated current profile, corresponding to data 
from laboratory Exp. No. 29 by Putnam et al. (1949). 

- 
tx. 
W 

Is 
1 1 

" 

u y ^^    PRESENT MODEL 

- M MEASURED  Vmecm 

^^ a!s! 
*^        5l=l m Q- 

<   2 

Fig. 6-A Putnam et al. (1949).  Plane slope 0.098. 
T=0.95 s, Hst =0.093 m, est=49?8, h  =0.50 m, 
6=0.8 (estimated), kN =0.006 m 

The present test has a well defined bottom (1/4" pea gravel, bonded with 
a thin grout) so the applied value of the Nikuradse roughness parameter 
of 0.006 m is rather reliable. With a chosen value of g = 0.8 (measured 
value of HB/hB is 0.72) a reasonable agreement with the rather vaguely 
defined mean longshore current is observed. It is noted that the values 
Hst and 6st were calculated from hst (arbitrarily chosen) and from meas- 
ured quantities at the breaker line, using linear theory. 

Galvln and Eagleson (1965) gave more detail, presenting current ve- 
locity profiles at several stations along a plane, smooth, concrete lab- 
oratory beach.  In Fig. 6-B, calculated velocity profiles corresponding 
to 0-values of 0.8 and 1.42 are shown together with measurements from 
Test No. 3 in Ser. III.  The reason for trying also a value as high as 
1.42 are the findings of Komar and Gaughan (1973).  This value turned 
out to give a very good prediction of breaker heights, when one uses 
linear wave theory.  Although this is no real justification for using 
the value uncritically in this study, the prediction of the maximum cur- 
rent velocity and of the breaker point is seen to be good. Another rea- 
son for using a higher value of 3 here than for Putnam's experiment, is 
the difference in wave steepness in the two cases  (bed slope were al- 
most equal):  It seems that breaking was of the plunging type in the 
latter case, while it in Putnam's Exp. No. 29 probably was a transition 
phenomenon between spilling and plunging.  (At the breaker line, Galvin 
and Eagleson measured &  = 1.13.)  The high calculated velocities near 
and outside the breaker line could be caused by the choice of a too 
high eddy viscosity in this region, as mentioned in Chapter 4, see also 
Fig. 7-B. 
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Fig. 6-B Galvin and Eagleson (1965) Ser. Ill, Test No. 3. 
Plane slope 0.109 (nearshore average). 
T = 1.125 s, Hst = 0.051 m, 6st = 27°, hst = 0.351 m, 
kN= 0.0003 m (estimated) 

FIELD MEASUREMENTS 

An attempt has been made also to predict the longshore current for 
an actual beach.  To this end an observation from Trancas Beach (Jan. 19, 
1962), as reported by Ingle (1966), has been used.  The result is shown 
in Fig. 6-C.  A rather good agreement between theory and measurement is 

V(m/s) 

I   vmax. 

0.5 
MEASUF ED.    1 

\   Vmean f       \ 
- 

BREAKER LINE      \ 
PRESEN T  MODEL         / 

Fig. 6-C Ingle (1966).  Trancas Beach, Jan. 19, 1962. 
Slope 0.0244 (estimated). 
T = 8.5 s, Hst = 0.74 m, 0st = 18

c?l, hgt = 4.00 m, 
g = 0.8 (estimated), 1^ = 0.02 m (estimated) 

observed for &  = 0.8.  This is perhaps a little surprising, since break- 
ers were probably plunging. On the other hand, Fig. 6-B already demon- 
strated that Vmax is not very sensitive to which value is chosen for g. 
Furthermore, Ingle's data were incomplete, so the water depth at the 
breaker line had to be calculated as HB/g, and (3 was chosen equal to 
0.8.  This value was then used to calculate Hst and 6st (from HB and 6B) 
at the arbitrary start depth 4.00 m.  Due to incomplete information for 
the bottom profile, a plane slope was assumed. 
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7. SOME EFFECTS OF g, kN AND VT 

It has already been inferred from Fig. 6-B that the calculated maxi- 
mum current velocity is not too much affected by the chosen ratio between 
breaker height and water depth/ 3, within certain reasonable limits, nat- 
urally.  Nor is the calculated width of the surf zone very sensitive to 
reasonable changes in g.  On the other hand the position of the surf zone 
changes very much, as can be seen:  Both the breaker line and the set-up 
line move drastically. 

As regards the bottom roughness, kN, we have tried in the examples of 
Chapter 6 not to make manipulations with the numerical input values cho- 
sen.  In each case, a bottom roughness is estimated after careful inspec- 
tion. (For a natural sand beach, see for instance Skovgaard et al. (1975).) 
This is important to observe, since it turns out that such an estimate 
is indeed crucial in our model.  This can be seen from Fig. 7-A, showing 
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Fig. 7-A Influence of bottom roughness on 
calculated velocity profiles 
(Otherwise data as in Fig. 4-B) 

calculated velocity profiles for four different roughnesses.  It shows 
that, in this region of roughness parameters, a reduction of the rough- 
ness by a factor of ten will increase the maximum velocity in the pres- 
ent model by a factor of two.  (It can be inferred from the figure that 
had we chosen a value of kN = 5 cm in Fig. 6-C, the agreement with 
Ingle's measurement would become poorer.) Generally, it should be empha- 
sized that very little is known about the bottom roughness of natural 
beaches under the combined effects of (breaking) waves and currents. 
The kj^-values chosen in Fig. 7-A do not necessarily represent what can 
be expected to be found in nature. 

Finally, it has been investigated how sensitive the results are to a 
change in the eddy viscosity VT, Eq. 4.12, since this expression is 
based on some rather daring assumptions.  The results are presented in 
Fig. 7-B.  It appears that reducing VT by a factor of two (which is 
about the same as using Thornton's expression, see Chapter 4) does not 
have any large effect on the longshore current.  The calculated maximum 
velocity is only increased by some 10%.  Velocities outside the breaker 
line are as a whole reduced, naturally.  Since it is felt that the pres- 
ent model probably exaggerates mixing outside the surf zone, the effect 
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of a drastic reduction of VT in this region was investigated also. Re- 
ducing it by a factor of 100 changes the total mass flux significantly, 
as would be expected. The reduction in V   is only about 10%, however. 
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Fig. 7-B Influence of eddy viscosity on 
calculated velocity profiles 
(Data as in Fig. 4-B) 

8. CONCLUSIONS 

The proposed method makes it possible to predict (in a steady state) 
the profile of the longshore current, induced by regular waves, over a 
bottom with arbitrary parallel bottom contours, when the wave param- 
eters are known at some arbitrary depth, where the actual velocity is . 
very small. Also the breaker height to depth ratio (assumed constant 
through the surf zone), and the bottom roughness variation must be pre- 
scribed. The variations in the mean water level (set-down and set-up) 
are included in the mathematical model, with proper regard taken to the 
effect of refraction. 

The method includes two new expressions, one for the calculation of 
the turbulent lateral mixing, and one for the bottom friction.  In con- 
trast to most other works, the friction term is non-linear in this 
study. 

The governing differential equations for the current are. Of the sec- 
ond order, ordinary and non-linear. The matched, two-point boundary 
value problem is solved as a sequence of pairs Qf linear, matched bound- 
ary value problems, using Newton's method. This linear differential 
equations are solved by piecewise orthogonal collocation. 

The maximum current yelocity depends heavily on the bottom roughness, 
but rather little on the chosen breaker height to depth ratio. On the 
other hand, the predicted position of the surf zone is very much affected 
by the latter quantity. Therefore both the roughness and the breaker 
height to depth ratio should be chosen with great care in each case. 



LONGSHORE CURRENT COMPUTATION 713 

9. ACKNOWLEDGEMENTS 

Thorkil Grondal Olsen, M.sc., and Mads Peder Vium, M.Sc., have 
assisted us in their careful search for usable measurements. 

10.  REFERENCES 

1. Bailey, P.B., Shampine, L.F., and Waltman, P.E., 'Nonlinear Two 
Point Boundary Value Problems,' Academic Press, New York, 1968. 

2. Battjes, J.A., 'Computation of Set-Up, Longshore Currents, Run-Up 
and Overtopping Due to Wind-Generated Waves,' Report No. 74-2, 
Communications on Hydraulics, Dept. of Civil Engrg., Delft Univ. 
of Technology. 

3. Galvin, C.J., and Eagleson, P.S., 'Experimental Study of Longshore 
Currents on a Plane Beach,' U.S. Army Coastal Engrg. Res. Center, 
Tech. Memo 10, Washington, D.C., 1965. 

4. Ingle, J.O., Jr., 'The Movement of Beach Sand,' Elsevier Publ., 
Amsterdam, 1966. 

5. James, I.D., 'Some Nearshore Effects of Ocean Waves,' Ph.D. thesis 
No. 8258, Univ. Cambridge, Nov. 1972. 

6. Jonsson, I.G., 'Measurements in the Turbulent Wave Boundary Layer,' 
Int. Ass. Hydr. Res., Proc. 10th Congr., Vol. 1, 85-92, London, 
1963. 

7. Jonsson, I.G., 'The Friction Factor for a Current Superimposed by 
Waves,' Basic Res. -Prog. Rep. 11, 2-12, Coastal Engrg. Lab and 
Hydraulic Lab., Tech. Univ. Denmark, 1966. 

8. Jonsson, I.G., 'Wave Boundary Layers and Friction Factors,' Proc. 
10th Conf. Coastal Engrg., Tokyo 1966, Vol. I, Chap. 10, 127-148, 
Am. Soc. Civ. Engrs., New York, 1967. 

9. Jonsson, I.G., 'A New Proof of an Energy Equation for Surface 
Gravity Waves Propagating on a Current,' Basic Res. -Prog. Rep. 
23, 11-19, Coastal Engrg. Lab. and Hydraulic Lab., Tech. Univ. 
Denmark, 1971(a). 

10. Jonsson, I.G., 'The Basic Equations for Current-Depth Refraction 
of Surface Gravity Waves. Irrotational Flow,' Prog. Rep. 24, 39-49, 
Inst. Hydrodyn. and Hydraulic Engrg. (ISVA), Tech. Univ. Denmark, 
1971(b). 

11. Jonsson, I.G., 'Simplified Calculation of the Set-Down for Obliquely 
Incident Water Waves,' Prog. Rep. 31, 9-11, Inst. Hydrodyn. and 
Hydraulic Engrg. (ISVA), Tech. Univ. Denmark, 1973. 

12. Jonsson, I.G., and Jacobsen, T.S., 'Set-Down and Set-Up in a Refrac- 
tion Zone,' Prog. Rep. 29, 13-22, Inst. Hydrodyn. and Hydraulic 
Engrg. (ISVA), Tech. Univ. Denmark, 1973. 

13. Jonsson, I.G., Skougaard, C., and Wang, J.D., 'Interaction Between 
Waves and Currents,' Proc. 12th Conf. Coastal Engrg., Washington, 
D.C.1970, Vol. I, Chap. 30, 489-507, Am. Soc. Civ. Engrs., New 
York, 1971. 

14. Komar, P.D., and Gaughan, M.K., 'Airy Wave Theory and Breaker Height 
Prediction,' Proc. 13th Conf. Coastal Engrg., Vancouver 1972, Vol. 
I, Chap. 20, 405-418, Am. Soc. Civ. Engrs., New York, 1973. 

15. Longuet-Higgins, M.S., 'Longshore Currents Generated by Obliquely 
Incident Sea Waves,' Parts 1 and 2, J. Geophys. Res., Vol. 75, No. 33, 
6778-6789 and 6790-6801, 1970. 



714 COASTAL ENGINEERING 

16. Longuet-Higgins, M.S., 'Recent Progress in the Study of Longshore 
Currents,' 203-248 in 'Waves on Beaches and Resulting Sediment 
Transport,' ed. R.E. Meyer, Academic Press, New York, 1972. 

17. Lundgren, H., and Jonsson, I.G., 'Bed Shear Stresses Induced by 
Waves and a Current,' Basic Res. -Prog. Rep. 1, 6-7, Coastal 
Engrg. Lab., Tech. Univ. Denmark, 1961. 

18. Olsen, T.G., and Vium, M.P., 'Coastal Currents Generated by Breaking 
Waves,' (In Danish), unpublished M.Sc. thesis, Inst. Hydrodyn. and 
Hydraulic Engrg. (ISVA) , Tech. Univ. Denmark, 1974. 

19. Putnam, J.A., Munk, W.H., and Traylor, M.A., 'The Prediction of 
Longshore Currents,' Trans. Am. Geophys. Union, Vol. 30, No. 3, 
337-345, 1949. 

20. Riedel, H.P., Kamphuis, J.W., and Brebner, A., 'Measurement of Bed 
Shear Stress Under Waves,' Proc. 13th Conf. Coastal Engrg., 
Vancouver 1972, Vol. I, Chap. 31, 587-603, Am. Soc. Civ. Engrs., 
New York, 1973. 

21. Skovgaard, O., 'Selected Numerical Approximation Methods,' 
Dan. Center Appl. Math, and Mech. (DCAMM), Tech. Univ. Denmark, 
Report No. 62, 71 pp., 1973. 

22. Skovgaard, O., Jonsson, I.G., and Bertelsen, J.A., 'Computation 
of Wave Heights Due to Refraction and Friction,' to appear in Proc. 
Am. Soc. Civ. Engrs., J. Waterways, Harbors and Coastal Engrg. Div., 
Vol. 101, No. WW1, 1975. 

23. Thornton, E.B., 'Variation of Longshore Current Across the Surf 
Zone,' Proc. 12th Conf. Coastal Engrg., Washington, D.C. 1970, 
Vol. I, Chap. 18, 291-308, Am. Soc. Civ. Engrs., New York, 1971. 


