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Investigating the reactions of rip current pattern and sediment
transport in rip channel against changes of bed parameters using
numerical simulations
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This paper consists the effects of bed parameters changes on rip current pattern and sediment transport in channels
by means of numerical simulations. Model predictions are compared with field observations showing a reasonable
agreement. Results of this research show the general pattern of hydrodynamic current in the form of eddies with reverse
vorticity along the sides of rip current, so that the rate of erosion along the rip channel and location of sedimentation
towards the offshore zone are affected by these eddies. Present study shows that morphologic changes in rip channel
have a direct relation with non-dimensional rip flow veloc(my) and changes in bed parameters, in a way that changes
in non-dimensional cross-sectional flow ar(e@ are severely affected by the distance of bar from the shoreline and
slope.
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Introduction beach under parameter with different hydrodynamic
conditions. Based on the findings, rip currents are
Rip currents are intense, seaward-directed Jet

usually formed in beaches which are under
that spring out within the surf zone due to Iongshore
dﬂermedlate states withkk Q <6. Regarding the

gradients in wave-induced radiation stresses an

3 effect of existence and persistence of rip currents on
pressuré?3. These currents can play a significant role® lati f th h h it ¢
in transport of sediments towards sea and accordlnglylrc,u ation ot the pears ore zone, the patlern o
by morphologic changes of near shore zone, the §_,ed|ment transport in the surf zone has been observed

5&16
currents are considered as a significant factor ovefiu@litatively for many decades
circulation of the arg&®" Short and Brand&fattempted to correspond rip

Also the study of these currents is necessaryurrent spacing with average wave properties and
due to the fact that they are considered as the mag€dimentary characteristics. They found weak
factor in drowning people who swim in the coastalCorrelation between rip spacing and wave height, surf
water and due to the temporally and spatially variabl€one width and wave period. Buhler and Jacotison
behavior of the currerftDespite the problems arising reviewed the formation of eddies caused by the wave
from the varying nature of these currents, a lot of fieldoreakage in the bed with a longshore monotonous
and experimental studies have been conducted on rippography using numerical studies. They found that
currents and their behavior at different seasfibteés the behavior of big eddies caused by the wave
Many attempts by Gourldand Wright and Shdft  breakage is basically related to the morphology of
have been conducted on the beaches state (isingbeach. Renierst al® proposed that slowly evolving
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eddy pairs are responsible for the formation ofthe effect of bed parameters changes on sediment
rhythmic rip channels. transport in channel of the modeled beaches. In section 4,
_ the results of numerical simulation are compared with
Damgaard et al*® used a nonlinear field observations using non-dimensional rip current

hydrodynamic flow model coupled to Sefjm_qentvelocity in the entire bar-channel system, and finally
transport and morphology forced by normally |nC|dent,[he results are summarized in section 5.
monochromatic waves with a stochastic perturbation

on bathymetry, and realized that rip channel spacind/faterials and Methods

did not pertain to wave height, but did pertain to thenumerical model

width of the bar crest to shoreline. Kennedyal* _ _ i
concluded that maximum cross-shore and longshore Mike 21/3 Coupled Model FM is a dynamic

. . , modeling system which is used in coastal and
velocities are unresponsive to some details such as . . . o
. . : . estuarine zones. It can be applied for investigating

bar length. Large velocities noticed in the rip neck af .
the morphological advancement of near beach

startup are due to a strong primary vortex couple that . :
p' . gp y o P 3)athymetry due to the variable hydrodynamic
grows in the rip neck whose velocity is decrease L nditions

upon offshore migration of vortex couple.
_ This model provides an approach to analyze the
MacMahan by field measurements, showed thap,, ;4| interaction between waves and currents
low-energy waves can produce a rip current systefgo,9h dynamic coupling between the Hydrodynamic
over fine seashore bathymetric variations anty oqule and the Spectral Wave Module. It can also
discerned that rip current and correspondingyde| the process of full feedback among bed level
morphology migrate alongsha?é 2 In recent  changes caused by wave circulations through dynamic
years, some researchers as Bonrfétenal have  ¢oypling between the Hydrodynamic Module, the

studied large-scale wave-induced vorticities in thegpectral Wave Module and the Sand Transport
surf zone using analytical approaches. They have alggodule.

presented a new equation for mean current vorticity _

employing momentum equation and the nonlinear'Ydrodynamic Module (HD)

shallow water shock-wave theory. In this research, a two-dimensional model in HD
, Module was used to investigate the wave-induced

Present work, through studying eddies . .
L . _ urrents. The model is based on equations of shallow
behavior, investigates the morphodynamic pattern o . . "
Wgter in which the depth-averaged velocities of

the surf zone exposed to bed parameters changes, a9 vi . : .
theref h tor the studi '“Navier-Stokes equations are integrated in an

erefore paves the way for the studies Concgrn'n%compressible fluid.
sediment transport under the different conditions o . _ .
dominating the bed. Results obtained in this research The continuity equation and integration of
can be used for predicting the beach behavior varyingOrizontal momentum equations over deptan +d
with the changes of bed parameters, particularly irffan be obtained as:
experimental studies concerning the rip currents inaph oht  ahv _ (1)
movable bed. For this purpose, a barred beach wit@*’ Ox + dy =hs
two rip current channels has been modeled using Mike =~

. E+ﬂ+mzf\/‘hghi—£%—£i+j_ﬂ_imsxx+ﬁ§+i

21/3 Coupled Model FM to study rip currents pattern o o o B o0 2o o o o axox
and bed changes procedure. The study is structured
as follows: In. sectioq .2, we desc;ribe the numeri(:'al‘,£+(,mz+ T I ST R TR
model, domain conditions and different modules in* > ¥ BCoo B 200 o o ofa AT A dy 3)
the model. In section 3, we introduce near shore h

circulation and surf zone current pattern, and studyu andv are the depth-averaged velocities defined by:

a
(hTXX)+afy(thy)+hU33

(2)
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c-d _-10 od 90 O --(9)
dt k Hdom ~amH
The lateral stressesij'lf:onsists of viscous

friction, turbulent friction, and differential advection Where s is the space co-ordinate in wave
which is estimated using an eddy viscositydirection, and mis a co-ordinate perpendicular to s.

m=J’_d udz, ﬁpJ’_d vdz -(4)

formulation, based on depth average velocitypodel domain and its setup

gradients expressed by the following equation: _ )
In this work, a barred beach with two channels

was examined. The existing computational domain
T :AEBU+6_VD T —2a%Y T =2A5_L_‘, ..(5) has an extensiorL, =700m in the cross-beach
v TPy Tk T ey T ex direction andL, =1500m along the beach. The bar,
with a cross-beach width of about 210 m, is located
Where h(x,y,t) is the depth of watey(x,y,t)  approximately 350 m offshore. Two channels, with a
is sea surface elevation; g is gravity accelerationmaximum width of 110 m, divide the bar in the viewed
p, (x,y,t) is atmosphere pressure is the water domain. The area under study was molded in an
density; §, S, S, and g, are components of the  unstructured mesh which involves 4913 computation
radiation stress tensor and (t _ ,t Sy) and (T .1 by) node and 9630 elements; moreover, the space between
are the x and y components of the surface wind anthe grids in this model is about 5 m (Figs. 1 and 2).

bottom stresses A no-flow condition is imposed at the beach line.

Sediment Transport Module (ST) Boundary conditions are employed for the lateral
In this research. the method which is used in S_Iboundaries at two sides of the area under investigation

Module for calculation of sediment transport is based
on the model of combined wave and current, and tc
do this the sediment transport tables for interpolatior %07
were used. 17003

Spectral Wave Module (SW) 1600

15007

Spectral Wave formulation was used in this
module, which is based on conservation equation o
wave, defined by Koméfand Yound' as:

14007
13007

1200

oN s
5t TH(NV)=3 .(6)

1100

Y (m)

10001

Where, N(x,y, , ,t) is the spectra density “E
8007

V= (¢ ,G,C ,C ) is the propagation velocity of a wl

wave group and S is the source term for the energ
balance equatiéh The propagation velocities of a

wave group have been achieved from below relations

Y  — o 400
(cx,cy):ﬂzcg +U ..(7)

dt . |
d 9 [d — U e K

U
== =% i U0d-c ko= (g
dt od Hg X E ’ S +(8) Fig. I-Model computational domain.

HERERREEOOCCOO
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o] Results and Discussion

vl E . R Current pattern, erosion and sedimentation in rip

0] I channel

- e e | The experiment related to the formation of

1001 -— = B current pattern is first conducted on a beach with

1004 RESE S G = 0004, gd=0.2mm and slope= 00075then the

12001 E “EEE ] reactions of current pattern and sediment transport in
. 1100 S rip channel are considered against the changes in bed
> i 'fl..qg_ . serm parameters.

e Ho - o Based on the results of the model, wave-induced

0 RE SR Pt current moves towards channel on the beach normally,

1 -4-b - e and while decreasing the depth of water, waves would

s e — break on the bed bars gradually. Whereas waves move

ol s: - E ‘EE in spaces between bars at the channel entrance without

ol HHEN B s breaking and would break towards beach. When

003 1 g;;_—; waves attack the beach, a nearly intense current

, ; ; . i induced by wave breaking would be formed on sand
B3IR000 838200 838400 B3BE00 838800 . .

X (m) bars. However, this current was not formed in the
spaces between the bars. This fact leads to formation
of pressure gradient towards channel entrance. Thus,
in spectral wave module. Moreover, lateral boundanyhe formed rip current would be narrow, intense and

conditions are assumed as zero sediment flux gradief€arly straight on the beach with a mushroom
in sediment transport module. appearance. In general, these processes result in

formation of seaward eddies with reverse vorticity at

For the steady state circulation, the model outpUthe channel entrance. The passing waves in channel
for 12 hr was examined. To satisfy Courant Friedrichentrance would also form weak eddies after breaking
Levy condition, the time step used was one secondn surf zone; thus, stronger sea-directional eddies
In hydrodynamic module, for the kind of bed cause to increase the depth in distance between bars
resistance the fixed manning number 3%/mwas and beach and to decrease the depth in sea-directional
chosen and the horizontal eddy viscosity was als@ntrance of the channel.
chosen as 0.28%s. Moreover, in the Sand Transport
Module, the wave and current effects are taken intc ~ Switiion  im
account simultaneously. In Spectral Wave Module,
the full spectral formation was applied in the
formulation of stationary formulation. In this model, . & b
the effect of wind was also regarded in the lowest £ _ | ENEIRY. Wy
while the bottom friction coefficient was considered gm_ : ,.
variable for each state. :

Fig. 2-nitial bathymetry with the studied lines.

-4.07

In this model, the hydrodynamic conditions are o
fixed while reviewing the effects of bed parameters’ soj_~" o
change on the beach, so that in all states waves wit ~ °© ™ 20 30 0 aweim
H=2.2 m and T= 7 s was chosen and the direction OfFIg 3-The profile of bed level in rip channel (v = 700 m)

wave attack was considered normal to the shoreline.  and on bar (v = 1100 m) after 12 hr of integration.
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The overall pattern of beach erosion and
sedimentation is shown in Fig. 3 which shows the
erosion of sediments through the channel anc
transport of these sediments towards the sea ar
finally their sedimentation during rip current return
towards offshore zone at the entrance of rip channe
In this condition, rip current would have the maximum
speed at entrance seaward of channel (Fig. 4).

Rip channehu velocky [mis] ———

0.4

e
=

o
b

u velacity { m/s)

-0.4 7

0 100 200 300 400 500 600 700 800 900
distance cross-shore (m)

% ol
d) €, =04, gd=02mm, slope=00075 &) Cp=0004, gd=0 1 mm, slope=00075

Fig. 4-The profile of change in velocity of cross-shore

current on beach in rip channel (y=700 m) after with time. Flg. 5-The pattern related to the velocity of cross-shore

current on beach after 12 hr for different parameters.

Reaction concerning the variation of friction decreased while increasing the depth of channel.

coefficient Reaction concerning sediment size

The general pattern of current does not change
by the change of bottom friction coefficient (BFC), s
but the sizes of eddies decrease by the increase o
BFC. Hence, the sizes of eddies towards the sea i’ et il —
beaches having 0.4 for BFC, is much more fewer thar
the sizes of eddies towards sea in beaches having
value of 0.004 for this parameter (Fig. 5).

The current pattern in beach having two
(Tadiment sizes, based on Fig. 5a and 5e in conditions

-15

As the Fig. 6 shows by the decrease of sizes o
eddies in beaches with more BFE =04), the e , : i
transport of sediments to the offshore zone is gas{ it
decreased and the sediment is resided in shorte g, { . _
distance of the channel entrance than that of beache
with G = 0004.The study of bed level in alongshore : i ! i | i |
section of the beach having different morphodynamic -5 “
features based on Fig. 7 shows that by decreasing BF s ; 5 f ; ; ; .
to G =0004 and gd=0.2mm and slope= 00075in W W eeemw, "

comparison with the other beaches having the same

_ . . . Fig. 6-The Profile of bed level in rip channel (y=700 m) in
Teatures andcf =04, the width of rip Channel IS the beach having two difterent bottom friction coefficients
increased and the space between the rip channels is after 12 hr.
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in which the two beaches having the same  #oanodiedn —

ge=0.imm-bed level [m] ——

hydrodynamic and morphodynamic features, show: -
that the current pattern is unchanged.

Thus beaches having sediments with different
sediment sizes have the same pattern of erosion ai

<257

sedimentation (Fig. 8), but as the comparison of beig™]

_2'0: I ol

level shows after 12 hr changes at the center og«vs

] ;
ct=0.004-bed level [} —— P SRR R
cl=Od-bed level (M ——

i

4.5

800
distance alongshons { m)

Fig. 7-The Profile of bed level (x=838470 m) in beach
having two different bottom friction coefficients after 12 hr.

gul=0.2mm-bed level [n] ——
pd=0. imm-bed level [m] ———

wesoese B BB BEDE

bed level (m)
o
(e

34 - : - : - : ;
0 200 400 600 800 1000 1200 1400
distance alongshore (m)

nnzauin!-iiﬂiliia

Fig. 8-The profile of bed level (x=838470 m) having two
different sediment sizes after 12 hr.

channel, the smaller the sediment size havinc
(gd=0.1mm), the more erosion and sedimentation

200 250

300 350 400

450 500 550 600

distance cross-shore (m)

Fig. 9-The profile of bed level in rip channel (y=700 m) in
beaches having two different sediment sizes after12 hr.

vees e s KEEREREED

x|
tmd

a) Cp=0004, gd=02mm. slops =0.0075

by Narrow swif zone Cp =0.004, gd=02nm, slope=0.007

s
nim

in rip channel because intensity of eddies’ action  ac, =04 ed=02mm. sope=0007s

increases the transport of fine sediments and leads to
increased erosion at the channel (Fig. 9).

Cy=0004, gd=02mm, slope=0012

o

lsel_a_!liiﬁii_klii

) C;=0004, gd=01nun, slope=0.0075

Fig. 10-The pattern of bed level change afteri2 hr for

different parameters
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The bed level change of the beaches with  SESaEEieh —
sediments having two different sizesgd=0.2mm
andgd=0.1mm, based on the Fig. 10a and 10e, shows ™
non-changing of erosion pattern and sedimentation
but the rate of erosion and sedimentation in any are
have direct relation with the size of the beach&™]
sediments. i

4.0

257

bed |

Reaction concerning beach slope

4.5

The patterns of currents in beaches which havt -so?
different slopes are constantly changing. So that th' s
plan related to the speed and direction of norma -

200 400 600 800 1000 1200 1400

current to the beach, having slope of 0.0075 indicate. AR
that the pattern of the current has a form of eddies;g 72- e profile of bed level in the channel (x= 838470 m)
with reverse vorticity on the sides of rip channel. in beaches having two different slopes after 12 hr.

However it is removed in beaches having the same _ . S
features but a slope of 0.012 for eddies. The deletiofus; the channels of rip current in beaches with higher

of eddies in the current pattern change the bed levaiiopes (the breadth of narrower surf zone) have higher
greatly that can be obviously seen in comparison ofVidth and the space between the channels also
Fig. 12a and 12c. As it is observed in this figure, andlecreases.

as the profile of bed level at the center of channel irgeaction concerning the variation of bar crest
Fig. 11 shows, the rate of erosion in channel in beachggstance from the shoreline

having a slope more than 0.012 is greatly increased

in comparison with the beaches having a gentler slope. A comparison between two beaches with the
same slope while having a different distance of bar

Siopen0 01200 love ] —— crest from the shoreline shows that these beaches
which are subject to waves having the same height
will have a different hydrodynamic and
morphodynamic behavior based on a change in
breaking point, thus in beaches having a narrower surf
zone, the breaking point is nearer to the shoreline,
hence the incoming wave passes more distance to
arrive at the breaking line in the surf zone. Due to
7 this, factors such as the bottom friction and effects
; caused by shoalling can cause wave dissipation in
e beach having a narrower surf zone due to the same
P s dm:&ﬁomﬁ“m?&u 00 800 00 slope in the beach. These factors cause that the power
of waves and the rip current caused by the wave action
Fig. 11-The profile of bed level in the channel (y=700 m)in  on par cannot decrease the channel longitudinal and
beaches having two different slopes after 12 hr. . . . . .
latitudinal erosion during the same periods, whereas
In a beach with a higher slope, the rate ofin a beach having broader surf zone, the breaking wave
sedimentation at the entrance of channel increasel) farther distance of shoreline and the pressure
As it can be observed in Fig. 12, the width of rip gradient caused by the difference in height of broken
channel also increases by increasing the bed slopgaves along beach form a stronger rip current with
0.12 in comparison with a beach with gentler slopefewer spaces (Fig. 13).

bed level {(m}
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RemmE e factor which increases the width of rip channel
; through erosion is not only the rate of wave energy
" but also the distance of bar crest from the shoreline,
] <t and this parameter is also one of the main factors

X L " / related to the spaces among the rip currents channels.
/ / Comparison of field observations and model
af - experiments

4 / -

M T T RS e To compare the results of the model with field

a) Wide surf zone b) Narvow surf zone

observations, the results of Brander (1998) were used.

Fig. 13-The profile of bed level in rip channel (y= 700 m) He studied beaches in Palm Beach, Australia, based

naorfob” (y= 1100 m) in beaches with wide surf zone and on the previous researchers’ studies such as Wright
w surf zone having two different breakage points after 12 hr. and Short (1984) which were about rip currents with

The pattern of current in beaches having twodifférent states of beach.
areas of narrow and broad su.rf zone is aImo;t the  Brander evaluated evolution of deposition in
same and the presence of eddies is observed in boffermediate state and offered a relation as:
beaches (Fig. 5a and 5b).

U, =-186(A )+176 (10
Accordingly we can say that while the location ' (A) (10)

of erosion and sedimentation in rip channel is not ~ Where U, is the non-dimensional rip flow
changed, the rate of erosion and sedimentation in theelocity which has been non-dimensionalised by
channel is decreased not only regarding the intensityH .
of the weak performance of wave but also regarding T
the wave-current interaction on beaches in which tharea.
distance of bar crest is shorter from the shoreline; )
thus not only the slope of beach but also the distance 1€ @IS0 evaluated the type of co-adjustment
of bar crest from the shoreline affects the rate of rig?€tween morphology and speed of rip current. Given
channel spacing more considerably, since based dhe fact that the aim of this research is to study the
Fig. 14 in beaches in which the distance of bar cresgffects of bed parameters changes on current pattern
is less than the shoreline, the erosion of channéind sediment transport in the coastal zone, values
breadth and width is far less than the beach with thef\, and U, were obtained after running the model for
same slope in 12 hr of running program having largei2 hr over the beaches with different features in bed,
distance of bar crest from the shoreline. Thus thé@s shown in Table 1.

, A is the non-dimensional cross-sectional flow

Tablel-Values of A and{j, calculated based on the results of the model for different beaches

Beach feature Related features of bed parameters A U
A G = 0004,gd =0.2mm slope= 00075 wide surf zone 0.69 2.87
B G = 0004,gd =0.2mm slope= 00075 narrow surf zone 0.9 2
C G = 0004,gd =0.2mm slope= 00075 wide surf zone 0.81 2.53
D G = 0004,gd =0.2mm slope= 00075 wide surf zone 0.77 2.84
E G = 0004,gd=0.2mm slope= 00075, wide surf zone 0.67 2.88
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However, the results obtained for a specific aredine is the most important factors in changing non-
in this research were compared with those obtainedimensional cross-sectional flow area. The

by Brander and presented in Fig. 15.

M. gd=0.2mm, slope=0.0075, wide surf zone-bed level Em] —
pd=02mm, slope=0.0075,wide surf zore-bed level mj

04, gd=0.1mm slope=0.0075,wide surf zone-bed level  [m]
I4.gd=0.2mm, slopa=0.012 wida surf zone-tad level [m] ——
04.gd=0.2mm, slope=0.0075,namow sufe zone-bad level [m] —

aaq

=0,01
=0.4,
=0,01
=0.01
=001

q.

1.0
1573 . ] A g '
207 i ] | !
- \f‘ ! [ / _
faevaif ] e | o S || O
T -3.01 t i : l? ]
Tas L2 |
%o |l ‘I . ]
459 | l [
R ¥
553
e 20 40 500 200 1000 1200 1400

distance alengshaore (m)

Fig. 14-The profile of bed level in x=838470 m in beaches
with different features in bed after 12 hr.

2
o
L
[
>
2
—E ©
1]
s ®
wv
c 4
(7]
£
S @ grander, 1999
& 3 J
o
= @ Present model
2 *
0.4 0.5 0.6 0.7 0.8 0.9 1

Non dimensional cross- sectional area

Fig. 15-Changes of non-dimensional rip flow velocity in
non-dimensional cross-sectional flow area and comparison
of results from the model with those from Brander’s field

observations.

comparison of values related to non-dimensional rip
flow velocity in different beaches according to Table 1
shows the mutual relationship betwegnand, in

the beaches under review based on relation (10). Since
the time of running program is short, the limit of
changesn A, andis so limited in comparison with
the results of Brander studies.

Tablel-Values of A, and(, calculated based
on the results of the model for different beaches

Conclusion

Present study implus that rip current pattern, in
the presence of different hydrodynamic and
morphodynamic conditions, proves the existence of
eddies with reverse vorticity on both sides of the rip
channelin most cases. The change in size of sediments
and the distance between shoreline and bar crest only
changes the rate of sediment transport in rip channel
and hence changes the depth of channel, whereas this
does not affect the current pattern and the sediment
transport towards offshore zone. However, the change
of parameters such as beach slope and bottom friction
coefficient changes the current pattern and weaken
intensity of eddies’ action or remove them, and
transport the sediments towards offshore zone while
it also changes the depth of channel. Bed parameters
including beach slope, sediment size and bottom
friction coefficient, depending on their significance,
are considered as the important factors affecting the
rate and process of erosion and sedimentation in a rip
channel.
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Selecting beach A as the source beach, the rafdeferences

of change in parameters andd;, is easily observed 1.
with the change in bed parameters. Based on the
obvious difference in parametgy in beachesAand
B and in comparison with other beaches, it is shown

that changing the space between bar crest and beach
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