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Abstract . Based on the 2DH model for calculating the wave induced currents, established 
by Christopher G. Koutitas [l], a 2DH numerical model for calculating the wave and wind 
induced currents (current-model) is developed with taking additional account of shear stress 
due to wind and eddy viscosity components. A 2DH numerical model for calculating the 
sediment transport and bed morphology evolution (sand-model) is developed and linked to 
the above current- model. The wave parameters used for the input of the models are obtained 
from the RCPWAVE model. This paper presents some numerical results of calculating the 
currents induced by wind and waves and bed morphology evolution at Phan Ri - Binh 
Thuan coastal zone for two typical cases of wind: NE and SW monsoons. 

1. INTRODUCTION 

Calculation of the sediment transport and prediction of the bed morphology evolution 
as well as shoreline evolution are very essential for engineering and sustainable development 
in littoral economic zones. Sediment transport, bed and shoreline evolution are complex 
phenomena caused by many hydrodynamic processes in coastal zones such as sea water 
level changing (tide, typhoon surge ... ), wave, tidal current, wind-induced current , wave
induced current and river flow. Therefore, calculating the wave and current parameters 
must be done before calculating the sediment transport, bed and shoreline evolution. The 
procedures of calculation include: 

- Calculating the wave parameters and wave radiation stresses using the RCPWAVE 
model. 

- Calculating the current induced by wind and wave using the current-model. 
- Calculating sediment transport and bed morphology evolution using the sand-model. 

2. G OV ERNING EQUATIONS 

2.1. RCPWAVE model 

The "Regional Coastal Processes Numerical Modeling System" (RCPWAVE), which 
was developed by US Army Corps in 1986, is a modeling system that calculates the linear 
wave propagation . It is applied in many projects in the world. It considers only refractive 
and shallow effects. The reflective and diffractive effects are not considered. Thus, this 
model can be applied well only for light slope bottom zones without breakwater or jetty. 

The mild slope equation can be expressed in the following form (Berkhoff, 1972, 1976) 
[2]: 

(2 .1) 
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where 
c(x , y) = 1J /k - phase velocity [m/s], 
1J - angular wave frequency (defined as 27r/T) [radian/s], 
k(x, y) - wave number given by the dispersion r~lation: 1J2 = gk tanh (kd) [radian/m], 
d(x, y)- still - water depth [m] . 
T - wave period [1/s], 
cg (x,y)= OIJ /ok - group velocity [m/s], 
¢(x,y,t) - complex velocity potential, 
x, y - horizontal orthogonal coordinates, 
t - time [s], 
g - acceleration due to gravity [m/s2]. 

The velocity potential function for linear, monochromatic, plane wave can be repre
sented by the harmonic expression. 

where a(x , y) = gH(x, y)/21J - wave amplitude [m], 
H(x, y)- wave height [m], 
s(x, y) - wave phase [radian] . 

(2.2) 

By substituting the velocity potential function (2.2) into equation (2.1) and separating 
the real and imaginary parts, two following equations can be derived: 

1 { 82
a 82

a 1 - } 2 2 
- )::) 2 + )::) 2 + - [V'a.V'(ccg)] + k - IY'sl = 0, 
a uX uy CCg 

(2 .3) 

:x (a2ccg IY'sl cose) + :y (a2ccg IY'sl sine)= 0, (2 .4) 

where V' - horizontal gradient operation, e(x, y) - wave direction [radian]. 
The output parameters of RCPWAVE model are wave height H , wave direction e 

and wave number k, that are obtained by solving of the equations (2 .3), (2 .4) and the 
dispersion relation [2]. 

2.2. Wave and wind induced current model 

The wave and wind induced current model is developed from the 2DH model for 
calculating the wave induced currents, established by Christopher G. Koutitas [1], and 
then this model is improved by additionally taking into account of the shear stress due to 
wind and the horizontal eddy viscosity components . Besides that, boundary conditions at 
the lateral boundary are improved by seJ:;ond order extrapolative formula. The governing 
equations of the model are as follows: 

OU OU OU 0( Tsx Tbx 
-+U- + V-= - g- + JV+-. ---ot ax av ax ph ph 

_ J_ (8Sxx + 8Sxy) + llh (82U + 82U) (2.S) 
ph ax ay ax2 ay2 
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8V 8V 8V 8( Tsy Tby 
- +-U-+V- =-g- -JU +- - --ot ax ay ay ph ph 

1 (8Syy 8Sxy) (82
V 82V) 

- ph 8y + a;- + Vh OX2 + ()y2 (2.6) 

8( 8Uh 8Vh 
- + -+--=0 at ax ay (2.7) 

where U, V - depth mean horizontal velocity components in x and y direction [m/s], 
( - water elevation [m], 
f = 20sirnp - Coriolis parameter [1/s], 0 is the angular frequency of the earth rotation 

( =0. 73x10- 4 radian/ s), cp is the geographic latitude of the calculated domain, 
h = d + ( - water depth [m], 
T8 x, Tsy - components of shear stress at the sea surface [N/m2], expressed by the 

quadratic forms [1]: Tsx = pC8 Wx Jw; + W£ , Tsy = pC8 Wy Jw; + W£, 

Wx , Wy - wind velocity components in x and y direction [m/s], 
p - water density [kg/m3], 

Cs - surface wind friction coefficient, 
Tbx, Tby - components of shear stress at the sea bottom N/m2 , expressed by the 

quadratic forms [1]: Tbx = pC1UvU2 + V2 , Tby = pC1VvU2 + V2 , 

CJ - bed frictional coefficient , . 
Bxx, Syy, Sxy - components of wave radiation stress [N/m2], 

vh - horizontal eddy viscosity function [m2 /s], is determined by following formula [7]: 
vh = N ( d + ()Jg ( d + () , N is dimensionless parameter. 

Initial conditions: 

Boundary conditions: 
- at the solid boundary: 

- at the lateral boundary: 

U=O , V=O, ( = o. 

U=O, V=O . 

the second order extrapolative formulas are used [3]: 

n 1 ( un un ~ au In ) 
ui,j = 3 4 i - 1,j - i -2 ,j + 2 x ax i ,j , 

n 1 ( n n A oV In ) v; . = - 4 v; . 1 - v; . 2 + 2u.y - . 
i ,J 3 i,J - i ,J- ay . . 

i,J 

(2.8) 

(2 .9) 

(2.10) 

(2.11) 
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- at the offshore boundary: 
the second order extrapolative formula (2.10) is used for along shore velocity component 
U, and radiation condition (2.12) is used for perpendicular shore velocity component V: 

v = - (Vi(h. (2.12) 

Equations (2 .5) , (2.6) and (2 . 7) with the initial conditions (2.8) and the boundary condi
tions (2.9)-(2.12) are solved by an explicit finite different scheme [l]. 

2.3. Bed morphology evolution model 

The mathematical relation for predicting evolution of a coastline or the water depth 
in a coastal area with considerable sediment transport is derived from principle of mass 
conservation for the moving grains. Defining the total volume discharge (suspended and 
bed load) of sediment along the x and y horizontal directions, by qtx, qty, for a nearly 
horizontal bed (mild slope assumption) , the time rate of change of the bed level rt is given 
by [4]: 

a'r/ __ 1_ (aqtx + aqty) 
at - 1 - c ax ay ' 

where 
rt - bed level, relative to an arbitrary datum [m] , 
c - porosity coefficient, 

(2.13) 

qtx, qty - components of total volumetric sediment transport rate in positive x, y di
rection [m2 /s]. 

The total load transport by waves plus currents qt is expressed by Soulsby - Van Rijn 
[4]: 

[( 
2 0.018 2 ) 

1
1

2 i 2·
4 

qt = AsU u + CD urms - Ucr (1 - 1.6 tan,6) ' 

where 

A _ 0.005h(d50/ h)i. 2 

sb - [(s - l)gd50]1.2 ' 

U - depth averaged current velocity [m/s], 

A _ 0.012d50D;0·6 

SS - [(s - l)gd50]1.2 ' 

Umrs - root mean square wave orbital velocity [m/s], 

7rHs 
Urms = Tn sinh(kh) ' 

H s - significant wave height [m] , 
Tn = (h/g) 11.2 - scaling period of water wave [s] , 

CD = [ ln(ho/;~) - 1 r -drag coefficient due to current alone, 

Ucr - threshold current velocity, determined by the formula of Van Rijn [4] : 
Ucr = 0.19(d50)0·1 log10 (4h/dgo) for 100 :S: d5o :S: 500µm, 
Ucr = 8.5(d50)0·6 log10 (4h/ dgo) for 500 :S: d5o :S: 2000µm, 

(2 .14) 



Le Xuan H oan, Pham Thanh Nam 

(3 - slope of bed in streamwise direction, positive if flow runs uphill, 
d5o - median grain diameter [m], 
zo - bed roughness length, 
s = Ps/ Pw - relative density of sediment, 
v - kinematic viscosity of water [m2 /s], 

D* - dimensionless grain size, D* = [9<:21
)] 113d50 . 
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Discretizing equation (2.12), we have the finite difference equation that expresses the 
bed morphology evolution: 

(2 .15) 

3. NUMERICAL EXPERIMENTS 

3.1. Calculation of th~ wave parameters 

The wave propagation model RCPWAVE has been validated toward field data in sev
eral previous studies. For example, the two dimension numerical model for wave induced 
currents in the same coastal zone was investigated by Le Xuan Roan and Nguyen Manh 
Hung (2003) [5]. 

Two test cases corresponding to two prE;)vailing monsoons of NE and SW are taken. For 
NE monsoon, the wave parameters at offshore boundary are given as follows: wave height 
H= 1.9 m, wave period T= 7.5 s, wave direction B=22.5 deg (ENE). For SW monsoon: 
wave height H= 2.0 m, wave period T= 7.6s, wave direction B=-67.5 deg (SSE) [6]. The 
obtained results are presented in Fig.1 and Fig. 2. 

3.2. Calculation of the current parameters 

The waves and wind induced current model has been calibrated and verified by ad
justing the surface wind friction coefficient Cs, the bed friction coefficient Cf , and dimen
sionless parameter N, so that the best agreement between computed and measured values 
is obtained. These coefficients have values depending on the wind, flow, fluid and bed 
morphology. An approximation to their orders of magnitude is [1] O[Cs] = 10- 6 , O[C1] 
= 10-2 , O[N] = 0 -;- 0.016. After the calibration step, the c9efficients obtained are: Cs= 
0.000001 , C1=0.0l and N=0.016. 

A good agreement between the computed and measured values is also obtained for 
the verification step (Table 1. and Fig. 3) with the maximum relative error of about 203. 
An relative error within 103 is accepted for the prediction of tidal level. However, the 
prediction of marine currents is much more difficult than that of tidal level. Therefore, 
at the present time, an critical value of relative error for predicting the marine currents 
has not been established. Under the existing situation of computational technology, the 
maximum relative error of about 203 for the prediction of marine currents is acceptable. 

The computed velocity fields induced by wind and wave, corresponding to two typical 
cases of monsoon are shown in Fig. 4 and Fig. 5. The dominant direction of the velocity 
field in the NE monsoon is the southward 'and the inverse direction in the SW monsoon. 
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The maximum of current velocity is about 0.7m/s at the South of the computed region 
and the strip of large velocity occurs in the surf zone. 

3.3. Calculation of the bed morphology evolution 

The input parameters for calculating sediment transport and bed evolution are given 
as follows [6]: d5o = 300µm; dgo = 500µm; Pw=1025kg/m3 ; p8 =2650kg/m3 ; v = 0.9 x 
10- 6m 2 / s; zo=0.006 m; c = 0.3 . 

The results of total load transport conrespondirtg to two cases of monsoons are pre
sented in Fig. 6. It shows that the value of total load transport along shore in the SW 
monsoon is greater than that in the NE monsoon. The reason might be the direction 
of coastline. Because the shoreline direction is in the NE - SW direction so the angle 
between breaking wave direction and shoreline in the SW monsoon is greater than that 
in the NE moonson, and therefore, the influence of wave process on the sediment trans
port in SW monsoon is more prominent. The averaged total load of longshore sediment 
transport rates in the SW and NE monsoons are 0.024m3 /sand 0.014 m3 /s, respectively. 
The maximum transport rate occurs at the South of the studied region, that caused by 
an increase of current velocity there . 

The obtained results of bed morphology evolution are presented in Fig. 7 and Fig. 8. In 
the NE monsoon, the accretion is dominant in the whole studied area with t he maximum 
rate is about 25 cm/ 30 hours. However, the erosion is dominant in the whole studied area 
in SW monsoon, at the maximum rate of 30cm/30 hours. 

Fig. 1. A wave refraction pattern at Phan Ri (T = 7.0s, H=2.0m, ENE direction) 
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108' 33' 40 

Fig. 2. A wave refraction pattern at Phan Ri (T = 7.0 s, H =2.0 m, SSE direction) 
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Fig. 3. The comparison between the computed and observed data of wave-wind induced currents 

Table . 1. The comparison between t he computed and observed values of wave-wind induced 
currents at the nearshore station 

The input deep wave parameters Observed Computed Error 
Cases wave height wave period wave current velocity current velocity (%) 

(m) (s) direction (cm/ s) (cm/s) 
1 1.3 5.6 SSE 22.8 20.5 10.1 
2 1.7 6.5 SSE 30.3 36.2 19.5 
3 1.9 5.9 SSE 36.7 41.5 13.1 
4 1.2 5.9 SSE 22.6 19.3 14. 6 
5 1.4 5.5 SSE 23.4 27.1 15.8 
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108' 30' 00 108' 33' 40 

Fig. 4. Distribution of wave-wind induced current at Phan Ri 
(wave direct ion in ENE wind) 
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Fig. 5. Distribution of wave-wind induced current at P han Ri 
(wave direct ion in SSE wind) 
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Fig. 6. Distribut ion of total load transport along shoreline at Phan Ri 
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Fig. 'l. Contours of bed evolution (cm) after 30 hours at Phan Ri 
(wave direction in ENE wind) 

positive numbers: deposition, negative numbers: erosion 

~ 

"' 0 
0 

104 



105 Two Dimension Numerical Modeling of Wave and Wind .. . 

108° 30' 00 1080 33' 40 
0 

~ ,---------~ 

0 .... 
Lo 
0 

LEGEND 

~ bed evolution 

Fig. 8. Contours of bed evolut ion (cm) after 30 hours at Phan Ri 
(wave direction in SSE) 

positive numbers: deposition, negative numbers: erosion 

4. CONCLUSIONS 
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The wave and wind induced current model has been calibrated and verified by using 
the measured data. An acceptable agreement between the computed and measured values 
is obtained. However, this model needs testing more, then it can be applied in practice. 
The sediment transport and bed morphology evolution model has not been calibrated 
and verified, because observed sediment transport data are not available. Therefore, the 
computed values of the sediment transport and bed morphology evolution show only qual
itative agreement with reality of the studied area, as follows: 

- The total load of longshore sediment transport generated by the wave in the SW 
monsoon is greater than that in the NE monsoon. 

- The wave field of the NE monsoon generates the longshore sediment transport in 
t he southward direction and accreted bed. The wave field of the SW monsoon generates 
t he longshore sediment transport in northward direction and eroded bed. 

The authors acknowledge Prof. Pham Van Ninh and Dr. Phan Ngoc Vinh for their 
useful comments . 
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MO PHONG HAI CHIEU DONG CHA y DO SONG, GI6 v A BIEN DOI 
, ' ,J , ' .... 

DAY T~I VUNG BIEN PHAN RI - BINH THU~N 

M9t mo hlnh 2D tinh dong chay do song va gio duqc xay d\l'ng d\l'a tren mo hlnh 2D 
tinh dong chay do song cl'ia Christopher G. Koutitas bang each dua vao thanh phan ung 
suat do gio va h~ so roi ngang. M9t mo hlnh 2D tinh dong v~n chuyen bun cat va bien 
deli day duqc xay d\l'ng va ket noi v&i mo hlnh tinh dong chay & tren. Cac tham so song 
su di,mg cho cac mo hlnh nay nh~n dm;rc tir mo hlnh tinh song RCPWAVE. Bai bao trlnh 
bay m9t so ket qua ap di,mg cac mo hlnh tren de tinh dong chay do song, gio va bien deli 
day ung v&i hai trncmg song d~c trnng trong hai mua gio Dong B~c va Tay Nam t9'i vung 
bien Phan Ri - Blnh Thu~n . 




