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Abstract

Numerical experiments of shallow water equations are performed under various boundary
conditions by finite element method to simulate the circulation in estuaries and coastal ar-
eas. Galerkin method is employed to discretize spatial domain, and for time integration, fi-
nite difference method (Crank — Nicolson scheme) is used. This method is tested in five pro-
blems, in which first four cases have analytic solutions. The computed values are well in
agreement with the analytic solutions in four experiments and the result of the last 2—di-
mensional case is resonable. Implicit and two step Lax~Wendroff schemes in time domain
are compared, and the results when using four node bilinear and triangular elements are
presented. Consequently it takes very long time for complex problems requiring many
elements to integrate all the time steps using the implicit schemes. And the explicit scheme
requires careful consideration in selecting the time step and the grid size to obtain the de-
sired accuracy.
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ou/dt u;, i+gn, i +F—W=0 (la)
an/ot+{(h+n)u}, ;=0 (1b)
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v 2Ela vhebebgel o % & JEPAT, 7]
A Coriolisyl, 84to] 2% &2 FA P

Yty oz wigul #HetolM EYH M (Closed
or Fixed Boundary)s} €®17A (Open Bound-
ary)9) F71A el A xQo] EAshed, A
A HbA Ee FREE el FojAY FAs
L wlchel] I A dAE Fol AAR A 8
c}. wEM, BAGD Ve HAA B w2
< v7kAl gele] AA xR Fold 4 e D,
AA Sell #4 wrt FAFGH

ui=u; on S, (2a)
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1+8 48 dn(t+x/a)
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18] 4. Water Surface Elevation at x=20m (Rec-
tangular Element)

¥ 1. Numerical Experiment 1 : Velocity (m/s) at t
=30 sec.

nodel node3 node5 node?7 noded RMS error
exact soln. | —0.9880 —0.9410 —0.6636 —0.2238 0.2709
rec. element) — 0.9880 —0.9149 —0.6856 ~0.2141 0.2320
tri. element| — 0.9880 —1.0094 —0.7142 —0.1944 0.2994
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Z18 6. Variation of Velocity at x=100m (Crank —
Nicolson)
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8 8. Variation of Velocity at x=100m (Lax—
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HE 2. Numerical Experiment 2. Water Surface
Elevation (m) at x=50m

time |analsdin.| L-W |absemor] C-N |abserror
210 | 00420 | 00398 | 00022 | 00429 | 00000
220 | 00798 | Q0Bl4 | 00016 | 00807 | 00009
230 | 01099 | 01145 | 00046 | 01108 | 00009
240 | 01282 | 01355 | 00083 | 01310 | 00018
250 | 01388 | 01430 | 00072 | 01375 | 00017
260 | 01292 | 01366 | 00074 | 01306 | C.0014
270 | 01009 | 01164 | 00065 | Q1111 | 00012
280 | 00798 | 00842 | 0.0044 | 00802 | 00004
290 | 00420 | 00439 | 00019 | 00419 | 00001
300 | 00000 | 00000 | 00000 |-00001 | 00001
310 |-00420 |-00433 | 00013 |-00429 | 00009
320 [-00798 |-00824 | 00026 |-00810 | 00012
330 [-01099 |-01132 | 00033 |-01108 | 00009
30 (01202 |-01324 | 00032 |-01306 | 0.0014
350 [-01368 | -01384 | 00026 |-01369 | 00011
360 [-01292 [-01313 | 00021 {-01296 | 0.0004
370 (01099 |-01119 | 00020 {-0.1105 | 00006
380 |-00798 | -00819 | 00021 |-00803 | 00006
39 |-00420 |-00440 | 00020 |-00421 |-0.0001
400 | 00000 |-00021 | 00021 |-00002 | 00002
410 | 00420 | 00396 | 00024 | 00425 | 00005
420 | 00798 | 00774 | 00024 | 00805 | 0.0007
430 | 01088 | 01082 | 00016 | 01099 | 00001
40 | 01291 | 01289 | 00002 | 01298 | 00007
450 | 01358 | 01371 | 00013 | 01373 | 00015
460 | 01291 | 01322 | 00031 | 01303 | 00012
470 | 01088 01147 | 00049 | 01109 | 00011
480 | 00798 00861 | 00063 | 00806 | 00008
490 | 00420 00489 | 00069 | 00426 | 0.0006
500 | 00000 | 00064 | 000B4 | 00010 | 00010

€ 4(20)3% 2P,

7=0 at x=0 (19a)
u=0 at x=L (19b)
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#F 3. Numerical Experiment 2 : Variation of Vel AoE oL I¢ 9 108 g 20 Fgo] 1
ocity (m/s) at x=50m 27 4% A4 vHol AEHE ¢ £ oy

time |analsdn.| L-W |abeemor| CN |absemor

210 | 01892 | 02163 | 00271 | 01909 | 00017

220 | 01610 | 01888 | 00268 | 01639 | 00029 oe B _ meuric o wrenron.

230 | 01170 | 01374 | 00204 | 01194 | 0.0024 or |

20 | 00615 | 00738 | 00123 | 00617 | 0000z B o et T et T e
250 | 00000 | 00030 | 00030 |-00017 | o007 .}

260 | -00615 |-00675 | 00060 |-00636 | 00021 ST , .

270 |-01170 |-01304 | 00134 |-01181 | 00011 ' T e e
20 |-01610 |-01790 | 00180 |-01623 | 00013 2% 9. Water Surface Elevation at x=100m {Wind
290 | -01892 |-02080 | 00188 |-01921 | 0.0029 Effect)

300 |-0190 |-02155 | 00165 |-02015 | 00025

310 |-01892 | 02015 | 00123 |-018%4 | 00002 T . o

320 |-01610 |-02681 | 00071 |-01586 | 00014 e b

330 |-01170 |-01189 | 00019 |-01155 | 00015 § B VI
340 |-00615 |-00594 | 00021 |-00611 | 0.0004 ¥ a2

350 | 00000 | 00042 | 00042 | 00004 | 0.0004 w0 |

360 | 00615 | 00658 | 00043 | 00632 | 00017 oo O O - o
370 | 01170 | 01201 | 00031 | 01186 | 00016

s | 01610 | o166 | ooors | 01605 | ao00s 8 10. Variation of Velocity at x=100m (Wind
390 | 01892 | 01896 | 00004 | 01876 | 00016 Effect)

400 | 01990 | 01990 | 00000 | 01980 | 0.0010

410 | 01892 | 01904 | 00012 | 01894 | 00002 2E Apel= TXEY A M & AN
420 | 01610 | 01649 | 00039 | 01615 | 00005 e ¢ T A

430 | 01170 | 01244 | 00074 | 01167 | 00003 44 FRNE 4 TMTE

40 | 00615 | 00723 | 00108 | 00611 | 00004 HAEge (£A4Y )% FYE ALY 2
50 | 00000 | 00130 | 00130 | 00015 | 00015 a0y A 2w Puie 29 113 g
460 |-00615 |-00483 | 00132 |-00591 | 0.0024 AAzdel 4 (N Z&d (&, A% a7t
470 |-01170 |-01061 | 00109 |-01157 | 00013 0.001meln F7] T7t 200&) #-&l & & 92
480 |-01610 |-01550 | 00060 |-01612 | 00002 o RE5HE BAse] £4 hE Azl A 1Y
490 | 01892 |-01902 | 00010 |-01%2 | 00010 HFE 2B (F h=axolH a=0020]22 $&
500 | 01990 |-02078 | 00088 |-01998 | 0.0008 T FFE x%=500m7} "ch) 4 @) L HY

L

dg 2g 5 AT,
sin[(3-+n) 2% ] (20b) J’(?‘"’/'g' )Y°(2‘”&/§ )] (2la)
4714 o=y gh a=(~1) l”gh*‘i‘: (ﬂlz’ﬁiz o)tk u=%/§ WZ"’F%W%E
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% 12, Water Surface Elevation at x=200m

(Sioping Channet)
D.00%0
oo | - ARLTTIC « MPERICAL
0.0
i 0.0000
s
& 9.0010 |-
5. 0020
oo . . , .
0.9 100.0 0.6 0.0 §¥00. 0 §00.0
Time (enc]

8 13, Water Surface Elevation at x=100m
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28 15. Finite Element Mesh (Modsl Application)
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18| 16. Velocity Field at t=40 sec.
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18] 17. Surface Profile at t=40 sec.
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