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Development and Application of a 2D Tidal Flow
Model with an Unstructured Mesh
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(1. College of Civil Engineering. Tongji University, Shanghai 200092,
China; 2. Department of Civil, Construction and Environmental
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Abstract: A two dimensional tidal flow numerical model is
developed based on models like UnTrim type. The model takes
the two dimensional shallow water equations as governing
equations and uses unstructured triangular mesh on horizontal
plane to enhance the efficiency and accuracy of computation.
Then the simulation of tidal flow and the wetting and drying is
verified by several channel tests. The results show that the
model is effective and stable. Then the model is applied to the
simulation of the hydrodynamic process in the Yangtze
Estuary,and the model is calibrated and validated through the
observed field data. The result shows a good agreement

between the simulation and computation.
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Fig.1 Comparison of the computed water level

process and the analytical solution
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Fig.2 Comparison of the computed velocity process

and the analytical solution

1.6
g 12
g 08 CE
i 04 — b
0 Y S ' T .
100 200 300 400 500
*/m

3 HERBTHR MR

Fig.3 Variable slope terrain of numerical test

T IR EON 526 4> =AY M A% $.0T, A
MRS UG KA 1. 75 m, Wl iR % [ R
Tei A5 JF I A AR IE 0. 75 m, &I 1 h #3)
2k, HASE AT -

§ =1.0+0.75cos (2rt/3 600) (14)

4T 5 Heniche.et al"® F1 Jiang. et al" iy
AT M T AR R 2 T RN
0.03, ZE A R 5X10 *m* « s~ B Im A4



1782

[l B K 2 2 4RCA A B2 RO

439 %

KA 0.05 m, I 20 B4 Gy XU g )50

P & 4 AT L A SR e 4 K7 R B i 45 AR 5
Heniche FI Jiang FI50 45 5 & — it . BE w6z ith
LRI AR Ak 7RO A 30 S5 38 RN % Y 1) TR AR Ak O
TE 8 W 7 B 1k AL PR AR 2 5 AR g 42 1 i 5L
KR 0.05 m; I8 « =100 m HEFEAE ¢ =12 min
A I 220 4 B — S B SR A 3G R I 4, A 420 F i 57
B 0.4 m « s™!, X —I % 5 Heniche F1 Jiang
IR I G — 3, LR R R K TR R /N AR i B TR
- IWER EE IS SRR T BRI Bl i Ak
FRARICR.

2.00 + t=12 min 0.60
1.80 ,'A‘,+
£ 1.60 J ‘3»,‘ " *ﬁ“*ﬁ*ﬁ*a* 0.40 _
~ 1.40 papeit 0
100 ¥ Nocms) 0 2
R 0.60 f) 0202
0.40 . (3CHRS) | _0 40
0.20 - -~ TR (E30) (GCHR9) |
-0.60

0 50 100 150 200 250 300 350 400 450
¥ /m

B4 TR ENUKG 5 REIGE S5 Heniche
0 Jiang HBILE R LR
Fig.4 Comparison of simulation results with Heniche’s
and Jiang’s in water level and velocity process

in the variable slope test

2 REIWAH

FEF LU KR R0 1 56 TE 25 TR L AR SORs BT ST
OV R PR ) KT 11K 30 7 RS L R .
PRI 1K 33 2004 465 A 5 1 6 IS5 6 [ 5 i)
S GER X T I
2.1 HREEE

BB 38 L PR 1300V, 75 %5 41 — 40
m VR L 2 AL 3 R I
W AR A 6 AL S AL M AL P 8
KT K38 o 45 79 1 1 KB 20 280 Kk,
R 1] £ K FE 24k 200 k. B 8 4K 45 50N
16 667, &% h 31 437.

2.2 HREMMRIEESLEE

BORAT R AL TR0 3 = 4IP3 T DL
R TL ERIT SRR P B 8
A FEI M Ko » S, No S Ky 5 Py On s Qo) B TR IR R
SRR T A 3 T T 1T 13 T
KT A5 RS2 W B S i i
Pl 2 HEFC BT T B AT R S RUBUK

TRERE I 5T B 9 (P AR K3 K SCo AN ) A
YRR I i 45 7 - R iE R A 2004 47 5 H VLRI
B, 033800 m’ « L.

5T ZR BRI ISR VR YD R AR AT 43 X I 45 5 B
{HYEEA 0.009~0. 016. BARLHE I ] 24 B 60 s.
2.3 HEENTHEHLER

BRI AT AN 5 Bz, 6,7 430 ks oy
T TN B UE R T DA AL A A5t

3500 o
17 =}
g 3490 2—;@@;&?
3 3470 5—nc3
= 3460 6—csb
K 3450 o T2
% 3440 *5
] 3430 ¢
420 1 Il J
350 370 390 410 430 450 470
i 2280 KA AR / km
E5 RKRFREMHEDH
Fig.5 Distribution of representative stations
5 — Sl o
4
E 3
52
% 0
-1 L : : L L ]
6:00 10:00 14:00 18:00 22:00  2:00 6:00

%
6 SRk A3 E

Fig.6 Verification of water level process in

Gaoqgiao station

3 WHEME o SZlME
-Tm‘ 2
|
£y
igﬁ -1 ooOo
= -2
6:00 10:00 14:00 1800 22:00 2:00  6:00
]
THEAE o SZiME
360
~ 300
°_ 240
= 180
T 120
5 60
0 1 1 1 1 0I ]
6:00 10:00 14:00 18:00 22:00 2:00  6:00

%)

B 7 ne3 7 E AT [ 58 IE
Fig.7 Verification of tidal flow velocity and

direction in nc3 station

T3 B TR By i 518 0 A A 1) Ak P A B
WEZE R A2 T RBEL 1 8 AT 9 4351 AT 1 K



%512 3 FE AR S5 TOASHA A 2R B T R S 1783

LV TR 22 (4 2 ] LA SR 221 LB K
SR PR TR A T » (v FEURE 22 P A T LB Y 5
KA A M LR LA 5

AL

oy

\ N

K CARASE ’
) SN

B8 FkERZIRAHE
Fig.8 Current field at the time of flood slack

LSS

B9 EHHEEZIRHE
Fig.9 Current field at the time of ebb slack

-

3 it

AR SCHET AR 25 R W s 1) 2 B T PR A AL ——
“Z& UnTrim Cunstructured grid version of trim) &
R TR T — 4 i A R FE Ak K T 45 1
PR B TR LA Sl b ARAS T I BORS BE L RIS
TXF AR TE SR AR, O HLRE SR TR AR B H D
JCH O SURRAE 2R R0 0 2R i 109 52 A (. 48 e 1
SR KR R e TE 1 2SS B I S 3 W K
HIRLAAT RE . FER VL H 17K sl g iadil e, 1531 1 KL
TSI 7K S B ARk B 238 0 R . S B0t Bl i S 1
IR R S M P Ak PHE A 7 3 3 L A 31 T SR AR R
PR UCGRB] T IZB ALY 52 IV B AL AT DLk — 2 4

P RS A S SRR T 1A 2
BRAM L.

5% 3k :

(1]

(2]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

2 I LA 1 T R B R I R B 5 S R R (T . i
VE2AR,1999,21(1) . 111.

LI Mengguo, CAO Zude. A review on tidal current numerical
modeling in coastal and estuarine waters[J]. Acta Oceanologica
Sinica,1999,21(1):111.

Zhang Y L, Baptista A M. SELFE. A simi-implicit Eulerian-
Lagrangian finite-element model for cross-scale ocean
circulation[ J ]. Ocean Modelling, 2008,21:71.

Chen C, Liu H. An unstructured grid, finite-volume, three-
dimensional, primitive equations ocean model: application to
coastal ocean and estuaries [ J ]. Journal of Atmospheric and
Oceanic Technology.2003,20:159.

Casulli V, Cheng R T. Semi-implicit finite difference methods
for the three dimensional shallow water flow[]J]. Int J Numer
Meth Fluids,1992.,15.629.

M, B AR T A B h B AR s s F SR LT ] K Bl
J12 T 53k, 2007, 22(1) 44,

SUN Jian, TAO Jianhua. The study on simulation of moving
boundary in numerical tidal flow model [ J ]. Journal of
Hydrodanamics.2007,22(1) :44.

Ippen A T. Estuary and coastline hydrodynamics [ M ]. New
York: McGraw-Hill Book Co,1966.

Leclerc M, Bellemare J F, Dumas G, et al. A finite element
model of estuarine and river flows with moving boundaries[ ] ].
Advances in Water Resources,1990,13:158.

Heniche M, Secretan Y, Boudreau P, et al. A two-dimensional
finite element drying-wetting shallow water model for rivers
and estuaries| J |. Advances in Water Resources,2000,23:359.
Jiang Y W, Onyx W H Wai. Drying-wetting approach for 3D
finite element sigma coordinate model for estuaries with large
tidal flats[ J]. Advances in Water Resources,2005,28:779.
M. = 5 g 7K b 98 AR VL 1 R K AR S e 1 BB W 5T
[D]. b [R5 K2+ AR LR B, 2009.

SUN Bo. Numerical study on the impact of Three Gorges and
South-North Water Transfer Projects on the salting wedge of
the Yangtze River Estuary[ D]. Shanghai: Tongji University.
College of Civil Engineering.2009.

ZHU Jianrong. QI Dingman, XIAO Chengyou. Simulated
circulation off the Changjiang (Yangtze) River mouth in spring
and autumn[ J ]. Chinese Journal of Oceanology and Limnology,
2004,22(3) :286.





