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Abstract: Tides and their effects on coastal and estuarine water levels are among the most well-known
phenomena in coastal research. This study aims to map the tidal constituent features in the near-shore East Sea area,
for better understanding of the mechanisms that cause the transport of sediments in the area. Furthermore, the study
also points to the potential of tidal energy in the area, clean energy that needs to be studied for exploitation. The
authors applied the hydraulic model in the curvilinear coordinates to calculate for 4 main tidal constituents in the
near-shore, namely K;, O, M», and S; in the East Sea area, Vietnam. The hydraulic model with two-dimensional
orthogonal curvilinear grid has the advantage of increasing the accuracy in the results at the domain boundary, with
the applying potential in future small-scale studies in the region. According to this method, the simulation results in
areas with complex terrain are better because the velocity field is calculated on a curved grid built by shorelines).
The calibration and validation of this model are based on water level data at hydrological stations along the
Vietnamese coastline. The result of this model is used to map the harmonic constants and tidal ellipse for four tidal
constituents; these help to gain information about the tidal deposition in the East Sea, Viet Nam. The coastal area of
Vietnam has potential tidal energy; the largest energy is the tidal constituent Oy, followed by the tidal constituents
Ki, M, and S,. Tidal ellipses of the residual tidal constituent K; and O; are large in the Gulf of Tonkin and the Gulf
of Thailand. Meanwhile, residual tidal constituent M, and S, are large in the southeast of Vietnam coastal. These

results are the primary data for future research in the area.
Keywords: East Sea, numerical model, the curvilinear coordinates, tidal current.
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1. Introduction

Tides, rising and falling sea levels worldwide, are
one of the most important types of ocean water
movements. Tides are the long-period waves that form
under the influence of the tidal forces of the Moon and
the Sun. Variations in the water level of shallow water
of shelves and estuaries are strongly related to the
evolution of tides. Study on tidal current dynamics
plays a role as important, since, assess coastal flow
direction to serve the development calculates the delta
estuary.

Tidal analysis and prediction have for long been an
important issue for different applications such as safe
navigation, hydrographic surveys, and renewable
energy [1, 2]. Because the tide is a periodic
phenomenon, it can be modeled by a series of periodic
functions as sinusoidal ones [3, 4]. For more detailed
analyses about the tidal current mechanism, many
methods can be used, such as fully analytical models
[5, 6], semi-analytical [7, 8], and full numerical
simulations [6, 9].

For many cases, using numerical allows simulating
tidal current in near-shore under the influence of the
bottom morphology [10, 11]. Moreover, tidal current
frequencies and amplitudes can be analyzed and
predicted using the same mathematical techniques as
tidal heights [12]. Yousefi & Veron mentioned that
capturing the fluid flow structure is practical to express
the governing equations of motion in general
orthogonal or non-orthogonal coordinates [13]. It
assumes transforming the coordinate system but not the
dependent flow variables such as velocity components.
The rectangular flow field is interpreted in a curvilinear
coordinate system [13].

The advantage of this technique is that the
governing  equations are  significantly  more
straightforward in the orthogonal coordinate systems
and preserve much of the analytical simplicity of their
counterpart equations in the Cartesian coordinates.
Importantly, the bottom friction coefficient and Coriolis
parameter in the setting up model were constants

because the Strait of Messina is a small area. A
numerical model of tides in the Black Sea and the
adjacent Sea of Azov was calibrated with 28 tide gauge
observations by Medvedev et al. [14]. Medvedev's
study used the 2D version of the Princeton Ocean
Model (POM). In the model, the bottom friction force
in the momentum equations was determined by the
speed of the bottom flow and the friction coefficient
(Cp max = 0.0025) for near shore. The coefficient was
calculated based on the von Karman constant (i = 0.4)
and the bed roughness length (zo= 0.01 m).

In the South China Sea, studies on the near-shore
tidal characteristics are quite limited [15-17].
According to Ding [17], the four largest tidal
components (O;, Ki, M, and S;) give a relatively
complete picture of the tidal pattern of the Pacific
Ocean and the South China Sea and are sufficient for a
general description [18].

The co-tidal and co-range charts (tidal phases and
amplitudes of the main tidal constituents) proposed by
various researchers revealed large uncertainties over
the shelf areas. Research using the 2D numerical model
simulation detected the M, at the shallow part of the
Gulf of Thailand [19], Gao et al. simulated the
principal tidal constituents M,, S,, K;, and O; in the
Guangxi Gulf of Tonkin [20].

Wei et al. [21] have mentioned that semi-diurnal
tides originate from both the Pacific and Indian oceans,
whereas the diurnal tides are mainly from the Pacific
Ocean. The mentioned researches showed that the
amplitude and phase of tidal constituents Ma, S,, Kj,
and O; in the South China Sea, Gulf of Tonkin, and the
Gulf of Thailand was constructed with high reliability;
however, under bottom friction in near-shore, these
characteristics still needed to verify based on the
oceanographic station in these areas.

In this study, the objective of this study is to
identify the harmonic constants of 4 main tidal
constituents (the main semi-diurnal (M, and S;) and
diurnal (O; and K;) constituents) in the East Sea,
Vietnam.
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The hydraulic model with the two-dimensional
orthogonal curvilinear grid can increase the accuracy of
the results at the domain boundary. This result of the
harmonic constants and tidal ellipse key pieces of
information to (1) Identify tidal energy research in the
near-shore where the friction bed coefficients for four
tidal constituents are set up changing the water depth,
(2) Mapping harmonic constant of K;, O;, M, and S,
tidal constituents in the near-shore East Sea area,
Vietnam, (3) Mapping tidal ellipse which serve our
understanding of the mechanisms that cause the
transport of sediments.

2. Materials and Methods

2.1. Material

The study area is the coastal area at the East Sea,
Vietnam, from 99.174 to 112.641 East longitude and
4.528 to 21.772 North latitude. The domain consists of
three boundaries: a liquid boundary (Boundary 1) is the
East Sea boundaries; the two solid boundaries are the
coastline of Vietnam (Boundary 2 and 3) (Fig. 1).
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Fig.1 Topography

Input parameters used for the hydraulic model
applied to the study area for the main semi-diurnal (M,
and S;), and diurnal (O; and K) constituents are shown
in Table 1. The friction bed coefficients for four tidal
constituents were set up, changing the water depth with
the range of 0.026 to 0.058 while Coriolis parameters
changed based on latitude (the Gulf of Thailand (6.73 -
13.46) and the East Sea (4.54 - 21.71)).

Table 1 The parameters in the model

STT Parameters K1 01 M2 S2

1 Time step (dt) 180's

) Sigma 7.26 x 6.76 x 14.05x 14.54x

10-5 10-5 10-5 10-5

Tidal

3 constituent 86146s 92950s 44714s 43200s
period
The densi

4 of seawatg kg/m3

2.2. Boundary Conditions

The constant harmonic data for the three tidal
constituents were extracted from the DTU10 Global
Tide Model (MIKE21 Global Tide Model) as input data
for the three open boundaries at sea.

2.3. Model Verification Data

The parameters of the model were calibrated based
on the harmonic constants of 27 tidal stations along the
coasts and on islands which are taken from the archives
of the Institute of Oceanology, Chinese Academy of
Sciences, from the British Admiralty Tide and Tidal
Stream Tables (based on at least one-year observation).
The harmonic constants at some stations (Kamau,
Tammassu, Chandaburi, Satahib Bay, and Songkhla)
are obtained from the analysis using the Admiralty
Method [22]. The position of these stations is indicated
in Fig. 2.

Fig.2 The 27 tidal stations

2.4. The Governing Equations in Cartesian
Coordinates

The method of the model derives from the solution
of the Reynolds system of equations averaged over the
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depth in the curvilinear coordinate systems. The
Reynolds equations integrated with depth (1):

i 22

ﬁ+u@+v@—f\/—— -
a "a 'e VT 4 h+¢
1

2. 2);
ﬁ+u@+vﬁ+fu:_ga(:)_"V(“ )
a & & & h+¢ M
&, 9 2 -
5 +dc[(h+§)u]+@[(h+§)V] 0

where u,v - are the velocity components in the x and
y direction in Cartesian coordinates; h - total water

depth; f; - the fluctuation of the water surface; t — time;
k - Friction bed coefficient; f - the Coriolis parameter.

2.5. The Governing Equations in the Curvilinear
Coordinate System

In the curvilinear coordinates (& ,n), after some
transformations, the equations (1) become the
following equations (2).

1
pr +gHJ (gzzgg _g12§77): b

1
q. +gHJ (gugn —g12g§>= ko)

2
JH, +pg+q, =0

Where t=t; p=JUH; q=JVH; H=h +{ U,V - The
“contravariant” base vectors of the curvilinear
coordinate system.

-1 -1
u=J (uyn —vxn)V =J (—vyé —vxg) (3)
V=Y +¥ + ¥V =Y + Y +%n @
Wa, ,Wa; - The nonlinear component in curvilinear

coordinate system &

WYt,,Wt; - Friction bed coefficient; Wk, Wk, - The
Coriolis parameter.

ty =—Lo0), +o¥), w2l v rh | o)

b=l +0), e 0 113

(6)
K

Wi =-—Mp ©)
K

Y = _EM‘] (8)

k
T Christoffel symbol type — 11 ;
e1, €2 — the base vectors of the curvilinear coordinate
system & 1 ;
e',e? - the “covariant” base vectors &
The solution scheme is the C-Arakov Scheme with

the alternating direction implicit technique. This
scheme can be solved with a time step significantly

longer than that determined by the Courant-Freidrichs-
Lewy condition.

2.5.1. Mesh Generation
The equation systems used to construct the mesh are
elliptic equations — Poisson equations (9).

NE=PEn)  Nn=0(n) ©)
where P and Q are the control functions. The
solution of this equation system in the domain (§ ,n) is:

L(r)=gnre: - 281272y — 8117y = —JZ(PT§+ QV;;) (10)
J: the “Jacobian” of the transformation:
J=XeXp + Yy 0% J <00
r=xi+Yyyj;

2

b

_ 2yl
82 =Xp T Vn =1y

812 = XgXy + VeVn =Tehys )
2

811 =x§ +y§ =‘V§‘

The momentum and continuity equations will be
solved on this grid after converting to the curvilinear
coordinate system. A computational mesh (Fig. 3a) is a
mixed curved perpendicular to the computational mesh
(the Gulf of Thailand and the East Sea, Vietnam with
the size of (90X38) and (34 X260) cells with dx, dy in
the range of 5000 meters to 11000 meters,
respectively). When simulating in the model, the mesh
will be solved in L-shape as Fig. 3b.

2.5.2. Boundary Conditions
The boundary conditions at the fluid boundaries

give the form of oscillation C of each tidal constituent:
C =A cos(ot - g), where A, ¢, g0: Amplitude,
frequency, and phase of the tidal oscillation.

The boundary conditions at the solid boundaries: p=0
on & = const; =0 on 1 = const.

2.5.3. Energy Balance Equation

Apart from verification by comparing simulation
and observation in the harmonic constants of 27 tidal
stations along the coasts and islands, the model
verification is also implemented based on the
equilibrium of the tidal currents of energy. The
components of the energy balance equation in the
curvilinear coordinate system are:

_1 “1yr—1_2 * _l 2 *
K—Epj.-!;./ H'p?d0 ,P_Epg“;Jg dQ’  (12)
Q Q
27722
J°H
W=pf q[%wg]dg; (13)
1o

Dy =—Kp [[J72Hp*dQ";D, = % ”}/(P*Azp + Q*A2q> (14)
* *
Q Q
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where:

!

p=JH|v|= (gup2 +2g1,pq + gzzqz)/z; (15)

K- Kinetic Energy; P - Potential energy; W - Energy
flows across the liquid boundary;

D1 - Energy dissipation due to bottom friction;

D2 - Energy dissipation when smoothing in the
calculation.

P*,Q*: "covariant”" component of the velocity vector.

4000007 L L . .

T00000 -

OO0 -

1BO0000

Boundary 3*

P =gnU+g1V:0 =gaU +g2V (16)
The energy balance equation is:
E,=W +D
E=K+P (17)
D= Dl + D2

Boundary 2*

« | Adepunog

(b)

§

Fig.3 Computation mesh

2.5.4. Analysis of the Hydrodynamic Model in
Curvilinear Coordinates to Solve a Problem in U-
Channel

The hydrodynamic model is applied to the flat
bottom curved channel with a width of 10 m, a length
of 90 m, and a rotation angle of 180 degrees with a
radius r = 15 m. The spatial step range from 0.5 m to
1.5 m.

The obtained results are shown in Fig. 4 through 13
cross-sections. The results are compared with the
experimental results of Shukry [23] and the calculated
results in the U-channel when using the hydrodynamic
model on the Cartesian coordinate system [24].

Initial conditions: When the water surface is

completely still, u, v, € at all points are equal to 0.

Boundary conditions: at the lower inlet of the
channel, the water level is assumed to be constant over
time and equal to 0.25 m; at the upper outlet, time is
constant and equal to 0 m.

The calculation results show that the velocity field,
in the case when calculated by the hydrodynamic
model in curvilinear coordinates (Fig. 4a), is coherent
with the results obtained from Shukry's experiment
[23] (Fig. 4b).

After the flow passes through the bend of the canal,

the velocity field is forced towards the concave bank
(Fig. 4a), which is also the main cause of erosion in the
curved river sections area in the natural.

When using the hydrodynamic model in the
Cartesian coordinate system (Fig. 4c), the results of the
velocity field in this area are not optimal when
compared with the results in a curvilinear coordinate
system; after passing through the bend area, the flow
velocity on the concave side is small, almost
approaching 0.

3. Results

3.1. The Model Verification of Tidal Constituents
Ki, O1, Mz and S,

Validation consists of systematic variation of model
parameters and comparison of model simulations.
During calibration, comparing measurements and
model results improves the model solution for optimal
results. The comparison between simulation and
observation of the harmonic constants for four
constituents of 27 tidal stations along the coasts and on
islands is described in Table 2. The model verification
results of tidal constituents K;, O;, M,, and S, show
that the simulation of the study is very close to shown



Thi et al. Mapping Ocean Tidal for the Coast of East Sea Area, Viet Nam by Using the Numerical Model, Vol. 49 No. 2 February 2022

64

in [22]. Generally, the phase-lags simulation is later
than shown in [22] at most stations. For the M
constituent, the simulation results at the 27 stations are
lower than those of observation data. In more details,
the amplitude simulation at Kamau River, Tammassu,
Ha Tien, Ream get the value of 0.5, 0.523, 0.52, 0.3
respectively, compared to 0.15, 0.11, 0.1, 0.07 with
observation data (Table 2). Averaged amplitude error
between simulation and observation for M, constituent
is 12.98%, while the phase value is 8.4% (Table 2).

Similarly, the averaged amplitude errors between
simulation and observation for O; and K; constituents
are 4.8% and 0.48%, respectively. The phase results of
these constituents show a good agreement, at 6.87%
(O constituent) and 3.5% (K, constituent). However,
the errors of both amplitude and phase of S
constituents are quite larger. The amplitude error is
19%, and that of phase is 17%.
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Fig.4 Calculation results in the U-channel by hydrodynamic model on curvilinear coordinates (a), Shukry's experiment [23] (b), and
calculation results in U-channel using the model hydrodynamics on the Cartesian coordinate system (c) [24]

3.2. The Energy of Tidal Constituents K;, O, M»
and S;

The results show that the energy oscillation in four
tidal constituents is stable and sinusoidal. Under the
influence of the initial condition, the first periods
fluctuate unstably. For better accuracy, the results are
extracted from the 5th period onwards. In the Gulf of
Tonkin (Fig. 5), the largest total energy (the total of
kinetic and potential energies) is the tidal constituent
01 (20X 10'K1J), followed by the tidal constituents K;
(19X 10'KJ), tidal constituent M, (3.95% 10'°KJ), and
tidal constituent S, (0.495 X% 10'°KJ). The kinetic energy
of O;, My, and S, tidal constituents are noticeably
larger than the potential energy, at 19X10'°KJ,
3.5%10"KJ, and  0.44X10'°KJ,  respectively.

Meanwhile, the potential energy of the tidal constituent
K, gets the highest point, at 18.1 X 10'°KJ, followed by
the tidal constituents O; (16.5X10"KJ), M,
(3.5%10"KJ), and S, (0.41X10'°KJ). In the Gulf of
Thailand (Fig. 6), the tidal constituents' values are
similar to those of Tonkin. The total kinetic and
potential energies of Oy is 17X 10'°KJ, followed by the
tidal constituent K; (14X 1010KlJ), the tidal constituent
M, (3.25X1010KJ), the tidal constituent S,
(1.68X1010KJ). The tendencies of kinetic and
potential energies are similar. The values of kinetic and
potential energies in the Gulf of Thailand are lower
significant than these of the Gulf of Tonkin (3 —
4.10"KJ with the tidal constituents K; and tidal
constituent Oy).



21

il

Energy Chart for K1 constituent

No M‘» m 0 Omi

SELF fyw@f

0
§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

dddd-—i-—: mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

o o e o o o o

0
BHEERERABRRE R RGN RANZE3HERZ2EEER2aRERE

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

e e v e re e e e

0
§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

ddoda—-aﬂﬂdm«‘ir‘]dddmu‘ilﬁdddhhhwdﬁdﬂiddﬁd—iéédﬂﬂ'm‘dd

~~~~~~~~~~~~



Thi et al. Mapping Ocean Tidal for the Coast of East Sea Area, Viet Nam by Using the Numerical Model, Vol. 49 No. 2 February 2022
66

Energy Chart for K1 constituent
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Table 2 Comparison between simulation and observation of the harmonic constants for four constituents

MZ SZ Ol I(1
No Place X Y Sim. Obs. Sim. Obs. Sim. Obs. Sim. Obs.

Hm) ¢ Hm ¢¢) Hm g Hm g¢¢) Hm g’ Hm g Hm g Hm g¢@)
1 Basuo 2492474 21135995 0.198 60  0.18 61 0.031 120 006 118 0.7 15 062 11 06 85 054 356
2 Yangpu 325456.1  2193899.6 0221 140 024 150 0.058 160 0.09 204 098 25 081 18  0.85 120 073 10
3 Beihai 301424.1 23768577 029 190 044 177  0.084 200 0.1 237 085 50 096 34 09 140 088 19
4 ;izlg 7717752 2339142.6 0.19 185 0.8 179  0.045 220 0.06 230 085 42 082 30 081 128 073 22
5 Hongai 714892.5  2318000.1 0.114 160 0.06 144  0.027 190 0.03 147 084 42 088 48 0.8 125 085 25
6  HonNieu  580789.4 20788723 0.11 32 03 31 0.046 20 009 113 055 50 058 57 045 120 049 31
7 QuangKhe 655539.5  1957600.5 0.13 30  0.18 41 0.048 0 0.05 91 037 35 027 53 03 100 021 28
8  ThuanAn  781020.1  1833460.8 0.173 340 0.18 351 0049 50 004 58  0.18 300 002 19 0.8 10 0.3 1
9  DaNang 198662.1  1780206.4 0.175 350 0.17 330  0.049 5 006 10 0.5 310 013 258 02 0 0.2 257
10 QuiNhon 6315384  1520409.8 0.165 340 0.18 321  0.063 7 006 7 0.05 250 027 268 025 320 034 258
11 NhaTrang  304169.7  1349319.6 0.155 325 0.8 321 0066 20 006 351 02 240 03 258 029 330 034 254
12 CamRanh  303940.0  1314287.2 0.152 320 0.18 329  0.068 25 009 15 02 240 03 265 029 330 034 254
13 VungTau 7263089  1142999.7 0.83 45 079 63 032 80 03 111 035 257 046 277 04 234 061 268
14 Con Dao 679710.8  958386.1 0.7 50 079 8l 032 110 027 142 027 275 046 288 042 350 064 288
15 ﬁf‘vngfu 4724955  956166.5 0.5 70 015 97 0.15 240 006 50 022 320 021 329 04 20 037 34
16 Tammassu  472587.1 10869955 0523 200 0.1 135 03 40 006 00 025 20 015 14 042 80 028 25
17 Hatien 4416149  1146001.8 0.52 280 0.1 190 0.2 45 002 353 025 60 013 52 042 100 026 45
18  Ream 346792.3 11610362 0.3 250 0.07 129 018 55 007 78 022 70 014 92 04 120 022 88
19 ?a(’h Kong  5q17838 12628052 0152 75 012 51 0.1 62 006 123 027 85 027 131 045 154 037 109
20  Chandaburi 181112.6  1379920.8 0.15 130 0.5 125 005 140 006 312 029 110 046 129 0.3 160 058 125
21  Satahibbay  708168.7  1399193.8 0.2 180 024 159 0.1 220 009 267 037 120 046 129 0.6 175 0.64 133
22 E;rngk"k 671391.9 14892952 0.408 200 055 170 034 250 027 242 042 125 046 131  0.65 185 067 137
23 Ko Raet 588969.4 13045679 0.12 270 0.06 168 008 220 0 242 033 135 034 132 057 189 052 136
24 Koh Prap 542108.6 10188289 0.092 350 0.18 358 0.1 40 012 8 021 150 03 144 041 195 046 145
25 Songkhla 6766612 798010.6  0.18 320 023 321  0.042 240 003 8 005 340 004 212 0.05 360 0.06 301
26  Tumpat 186427.1  686150.9 0285 290 0.18 261  0.05 270 0.08 293 0.8 320 017 316 0.5 10 028 324
27  Trengganu 2931494  591667.2 0391 260 027 243 055 320 0.2 289 024 320 0.3 315 0.35 5 052 326
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The oscillation of the total energy (W — Green line)
and loss of energy caused by bottom friction (D; — Blue
line) has an opposite phase while the total energy
oscillates in phase with variation in energy in the
domain (E; — Dark blue line). The energy balance
oscillation in the variable region (W + D — E;) — Red
dash-line) around axis ‘0' represents the energy balance
in the region. The homogeneity of the oscillation of the
energy inflow in the region and the energy variation is

substantial for all four constituents, and the energy loss
because friction (D,) is virtually small. Fig. 7 illustrates
the Balance energy chart of the Gulf of Tonkin (a) and
the Gulf of Thailand (b) for the M, constituent. The
energy balance oscillation in the variable region (W +
D — E;) — Red dash-line) around axis '0' from the 5th
period onwards while the previous periods have values
without harmonic oscillation due to the influence of the
initial conditions.
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Fig.7 Balance energy chart of the Gulf of Tonkin (a) and that of the Gulf of Thailand (b)

3.3. The Harmonic Constants and Tidal Ellipses of
the Tidal Constituents Ky, O;, M, and S,

The harmonic constant and the residual tidal ellipse
maps were constructed from the amplitude and phase
simulation results of the four main tidal constituents:
Ki, O1, My, S, (from the 5th period onwards). At the
beginning of the periods (1st — 5th), the harmonic
constituent oscillations are unstable.

For tidal constituent K;, the amplitude simulations
in the Gulf of Tonkin (0.2 — 0.8m) are larger than that
of the Gulf of Thailand, about 0.2m (Fig. 8a). From Da

Nang's position to Ca Mau Cape, the amplitude values
reach a little gap of 0.2 — 0.4m while the tidal phase
fluctuates from 0 degrees (Ca Mau Cape) to 340
degrees (Da Nang, Vietnam) (Fig. 8a). An
amphidromous is recorded in the Gulf of Thailand
(Fig. 8a). The residual tidal ellipses of the constituent
prevail in the Gulf of Tonkin and Gulf of Thailand,
which are a small residual tidal ellipse in the coastal of
Vietnam (from Da Nang position to Ca Mau Cape)
(Fig. 8b).
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Fig.8 Harmonic constants (a) and the residual tidal ellipses (b) maps of K constituent

For tidal constituent O, the tendency oscillation is
similar to tidal constituent K. The tidal ellipses prevail
in the Gulf of Tonkin and Gulf of Thailand, a small
tidal residual ellipse in the coastal of Vietnam (from Da
Nang position to Ca Mau Cape) (Fig. 9b). The highest

tidal amplitude in the Gulf of Tonkin is 0.8m, double
that in the Gulf of Thailand (Fig. 9a). The 0.2 — 0.3 are
recorded from Da Nang position to Ca Mau Cape (Fig.
9a).
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Fig.9 Harmonic constants (a) and the residual tidal ellipses (b) maps of O1 constituent

For tidal constituent M,, from Vung Tau to Ca Mau
Cape, which semi-diurnal prevail, the tidal ellipses are
the largest in the whole domain (Fig. 10b). There is an
amphidromic point in the Gulf of Tonkin and two
amphidromic points in the Gulf of Thailand (Fig. 10a).

The highest tidal amplitude in the Gulf of Thailand is
0.4m, larger than that of Tonkin, a gap of 0.1m. From
Da Nang's position to Ca Mau Cape, the tidal
amplitudes increase when flowing to the coast, from
0.15—0.85m (Fig. 10a).
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Fig.10 Harmonic constants (a) and the residual tidal ellipses (b) maps of M2 constituent

For tidal constituent S,, the tendency oscillation is
similar to tidal constituent M,. Two amphidromic
points are also recorded in the Gulf of Thailand (Fig.
11a). The tidal amplitude from Vung Tau to Ca Mau

cape reaches a gap of 0.1 - 0.3m (Fig. 11a). The
amplitude value is little changed from Nha Trang to the
Gulf of Tonkin, about 0.1m which is 0.3m in the Gulf
of Thailand (Fig. 11a).
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Fig.11 Harmonic constants (a) and the residual tidal ellipses (b) maps of K2 constituent

4. Conclusion

This study uses a mathematical model in the
curvilinear coordinate systems to study the tidal
constitutes characteristics in the near-shore area where
the friction bed coefficients change the water depth.
The hydraulic model with the two-dimensional

orthogonal curvilinear grid can increase the accuracy of
the results at the domain boundary. In mathematical
modeling, one of the difficulties encountered in solving
geophysical problems is a coastal zone with complex
topography. The widely used method of solving is to
divide the coastal area into small segments, which are
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parallel to the perpendicular coordinate axes (x, y). The
disadvantage of this method is that the solution is much
wrong in the coastal area. The curvilinear coordinate
systems model will optimize the results for the near-
shore area because the velocity field is calculated on a
curved grid. Regarding mapping the harmonic constant
of Ki, O, My, and S, tidal constituents and tidal
ellipses in the near-shore East Sea area, Vietnam is the
primary data for understanding the mechanisms
causing the movement of the sediments. Moreover, that
needs to be studied for future exploitation of clean
energy.

The coastal area of Vietnam has potential tidal
energy; the largest energy is the tidal constituent Oy,
followed by the tidal constituents Ki, M», and S,. The
oscillation of the total energy (W) and loss of energy
caused by bottom friction (D;) has an opposite phase.
In contrast, the total energy oscillates in phase with
variation in energy in the domain (E;). The energy
balance oscillation in the variable region around axis
‘0" represents the energy balance in the region. The
homogeneity of the oscillation of the energy inflow in
the region and the energy variation is substantial for all
four constituents, and the energy loss because friction
is virtually small.

Tidal ellipses of the residual tidal constituent K; and
O; are large in the Gulf of Tonkin and the Gulf of
Thailand. Meanwhile, residual tidal constituent M, and
S, are large in the southeast of Vietnam coastal.
Although the tidal ellipses from the measurements for
the near-shore area have not yet been taken to compare
with the simulated results, the mathematical model
results are similar to previous studies' results in the
region.
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