BRRFES 0128 mkrep@in (D

Analysis of Tidal Flow using the Frequency
Domain Finite Element Method (I)
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Summary

The TIDE, finite element model for the simulation of tidal flow in a shallow sea was
tested for its applicability at the Saemangeum area.

Several pre and post processors were developed to facilitate handling of the complicated
and large amount of input and output data for the model developed. Also an operation
scheme to run the model and the processors were established.

As a result of calibration test using the observed data collected at 9 points within the
region, linearlized friction coefficients were adjusted to be ranged 0.0027~0.0072, and water
depths below the mean sea level at every nodes were changed to be increased generally
by 1 meter.

Comparisons of tidal velocities between the observed and the simulated for the 5 stations
were made and obtained the result that the average relative error between simulated and
observed tidal velocities was 11% for the maximum velocities and 22% for the minimum,
and the absolute errors were less than 0.2m/sec. Also it was found that the average R.M.S.
error between the velocities of observed and simulated was 0.119 m/sec and the average
correlation coefficient was 0.70 showing close agreement.

Anocther comparison test was done to show the result that RM.S. error between the simula-
ted and the observed tidal elevations at the 4 stations was 0.476m in average and the correla-

tion coefficients were ranged 0.96~0.99.
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Though the simulated tidal circulation pattern in the region was well agreed with the

observed, the simulated tidal velocities and elevations for specific points showed some errors

with the observed. It was thought that the errors mainly due to the characteristics of TIDE

Model which was developed to solve only with the linearized scheme.

Finally it was concluded that, to improve the simulation results by the model, a new

attempt to develop a fully nonlinear model as well as further calibrations and the more

reasonable generation of finite element grid would be needed.
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Fig. 1. Flow Chart of TIDE Model

HWYFE vehle Z A EES 4,
aa a4 ERdde s 9 MY oae
ntZ A7 glom, =24 g XHEA gepy
B2e FALsuz e 7t Bz AEES
HER AE@ N o8 2FUL B L JE
We JIgAe, siFddAe] ntaddg nels
7] Y% uFEAAS7E ddh. FH 2o
dFHE FREAFC R 4 YA AEYGNA
9 B2 AE g nodAs e AHY
i, T fYshd AAAFNMY ¢, yH
& EHWR HEel Aok,

o, & :

TIDEE ¥ 9] ¥l 2t AHNXY 29 ¢
x, y 9% ZH£9 JEF3 9440 2gHh
agyg TIDEREL wl$ 43S F18 2e
ZMEA, F Exdaw 3fo] tEslng 1
Aardnyt Bzl A4S He AAzAM9

=

=

ghol ohyzk EFRzule] Uy Rolmz A7t
W, 298 44 255 2 298 B
AANE 2 B2 ARE SRstclor she,
ol HRe ol AFY WRETZ 1R 93
+YHES Y,

=
=

2. M.-FXe| =20

fFHaLye) dHF e YEARS I
Ao Fol Wzt FFsivte HE F
F k. TIDEERH 9 ¢8zxsF AAE 54
BEAES AF vignaAs, ZAzA #@
¢ AE8EF 299 fEE 5 AN 99
file2 A3l AP B AN =¥ Y
82 g, ¥3 TIDEREL Zt 2242 g
A slojol slog HLde B39 Fo g
£89] ¥x g soUA =9, 1 A
A HEA 4 A £ =9 ¥
& B ool x¥ o A
st HA Hge AIPE =99} =HE
Adstcde 939 Aol aH,

ot oz} TIDEE ¥ A3 gA, 2
2] ANEEE Fol7] s AitEA
TAHEE dde wEg HA3Y F Y=
A FBHRERE FHEKsol = o] 3
A= FHHY P gdiMe 30| BlF
3 zpgjoltt.

aga Axpdg A sE oM E R
Yol AP B ofJF, A$o wAe
2y AR g 9o WEl, w2909
EEX5 2 Aol s ojfo e B2 A
3 x2g o dua 24§ graphicH
g & F Ae =77 Yo

ol9lztE UES AFoR FY3}y| sty
AEXEE AT ZIHES NESE
o AFAE Zgayge 9ol FAR
AHE-AFe) 872 wet gl £ o, ¥
AT M= Table-1olM 9t e Hgzz a1y
& NEEAY. o7l AR FEdele

=T

T

A
2%

Z] AF I

T



RERTRQE H348 B2 1992 67

Table-1. Pre and post processors for the operation of TIDE Model

Name Function
Pre GRID Displays the finite element grid system on a graphic device
processor MKGRID Generates the finite element grid data file for input to the TIDE
MKBND Generates the boundary condition data file for input to the TIDE
OPTIMA Renumbers nodal numbers of finite element grid system to facilitate
more efficient execution of TIDE
Post COMP Generates a file for printing that contains velocities and tidal heights
processor at a given node computed on the time basis, or
displays the charts on a graphic device that show the comparisons of
simulated and observed values at a given node
VELO Displays the nodal velocity vectors at a given time on a graphic de-
vice
CONTR Displays the contour lines of tidal heights at a given time on a graphic
device
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Fig. 2. Operating scheme of TIDE Model
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Table-2. Complete list of observed field data(current velocity)

AR A~DAA FHE ARE,

St. No. Location Depth(m) Date of Observation Tide | Usage
A 35° 50° 24"N 120 88. 7.17(08 : 00)~ 7.18(19: 20) Spring | Calib.
126° 25’ 36'E ) 88. 7.19(07 : 00)~ 7.19(19 : 00} Neap | Verif.
B 35° 46’ 40°N 198 89. 9. 2(09:00)~ 9. 3(10:00) Spring | Calib.
126° 20° 15"E ’ 89. 9. 7(13:00)~ 9. 8(14:00) Neap | Verif.
c 35° 41" 36'N 100 89.11. 1(17 : 00)~11. 2(06 : 00) Spring | Calib.
126° 29° 00'E ’ 89.11. 7(13:00)~11. 8(03: 00) Neap | Verif.
D 35° 52" 00'N 101 90. 8.17(13: 00)~ 8.18(03 : 00) Neap | Calib.
126° 29’ 32'E ’ 90. 8.19(07 : 00~19.00) Mean | Verif.
35° 51' 12°N
, 2 . 8. 5(12:00)~ 8. : i ib.
E 126° 31" 30°E 10 87 ( ) 6(13 : 00) Spring | Calib
35° 45 45N
. 2 ] 90. 8.17(13:30)~ 8.18(03: N lib.
F 126° 29 56°E 9 ( ) (03 : 00) eap | Calib
35° 45’ 07°N
161 | 90. 8.20(07 : 00~20: 00 ib.
G 126° 31 12°E ( ) Neap | Calib
H 35° 42’ 15"N 97 90. 8.17(14: 00)~ 8.18(02: 00) Neap | Calib.
126° 32 42'E ) 90. 8.19(08 : 00~21: 00) Mean | Verif.
35° 48" 28°N
6.3 . 8.23(13 : 00)~ 8.24(03: 00 i Calib.
I 196° 37 S4'E 90 ( ) 0 ) Spring i
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Table-3. Complete list of observed field data
(Tidal elevation)

St. No. Location Date of observation
5° 56° N
® 1260 3 E 1987. 10. 1~10. 30
@ 12‘2: Zg: g 1987. 9. 18~11. 16
® 12‘2: ‘;g I; 1988. 5. 22~ 6. 28
@ 132: ;3 I; 1988. 10. 1~10. 30
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Fig. 5. The observed and the simulated tidal
velocities at the station A.
(88. 7. 17, 08 : 00~7. 18, 19:20)
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Table-4. Tidal velocity comparison between observed and simulated before and after calibra-

tion
Observec'l tidal Simulated tidal velocity(m/sec) R M.S. of err(.)r's
Station velocity Before oalib After calib between velocities of
{m/sec) ) ) observed & simulated
Max. Min. Max. Min. Max. Min. Before After
A 0.779 0.060 1.153 0.090 0.783 0.056 0.314 0.189
B 0.650 0.120 0.872 0.225 0.623 0.102 0.244 0.102
C 0.609 0.190 1.016 0.205 0.676 0.135 0.243 0.088
D 0.309 0.049 0.422 0.024 0.324 0.036 0.132 0.071
E 0.660 0.160 0.824 0.070 0.503 0.032 0.225 0.148
F 0.499 0.060 0.626 0.074 0.520 0.049 0.185 0.142
G 0.819 0.020 0.744 0.159 0.816 0.170 0.165 0.159
H 0.548 0.000 0.661 0.016 0.525 0.063 0.150 0.098
1 1.179 0.160 0.918 0.185 1.111 0.174 0.225 0.243
Mean 0.672 0.091 0.804 0.116 0.653 0.091 0.209 0.138

/secol W13} 0.116m/sec & FcistA] meolwt
A= Ud 1 B4 3% 722} 0.653m/sec, 0.
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Fig. 6. Simulated tidal current of Saemangeum area (1987. 8. 5)
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Table-5. Tidal velocity comparison between observed and simulated for the verification test

Obseved (m/sec) Simulated(m/sec) RMS of Erros Maximum
Station - - between velocities absolute R
Max. | Min. | Max | Min | ¢ g5 & gpm. errors
A 0.750 0.140 0.768 0.057 0.116 0.193 0.90
B 0.380 0.010 0.486 0.102 0.142 0.235 0.28
C 0.380 0.160 0.393 0.037 0.089 0.136 0.59
D 0.350 0.089 0479 0.062 0.087 0.068 0.82
H 0.619 0.000 0.634 0.054 0.159 0.075 0.88
Mean 0.496 0.080 0.552 0.062 0.119 0.141 0.70
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Table-6. Tidal elevation comparison between observed and simulated for the verification

test
Obseved (m) Simulated(m) RMS of errors Miximum
Station - - between elevation absolute R
Highest | Lowest | Highest | Lowest of OBS. & SIM. errors
@ 2.183 —1.894 2.514 —1.956 0.205 0.453 0.99
@ 3.073 —3.262 3.603 —2497 0.603 0.026 0.96
©) 2.830 —2.847 2.140 —2.020 0.552 0.728 0.99
@ 2089 —1.765 2.590 —1.460 0.543 0.129 0.99
Mean 2.544 —2.442 2.712 —1.983 0.476 0.334 0.98
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