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Table 1  The tidal driven model test data

experiment 1 2 3 4 5 6 7 8 9

depth D /m 10 10 10 5 20 2 2 2 2
tidal amplitude A /m 1 0.8 0.6 0.8 4 0.6 0.5 0.4 0.3
manning coefficient n 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
A/D 0.1 0.08 0.06 0.16 0.2 0.3 0.25 0.2 0.15

slope ¢ 0 0 0 0 0 0 0 0 0

r=A/D(r = 50 EIRIE/AKG) iRE 1~3 W r < 0.1, % — B IF R 0 IR 8 5 527K
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Fig. 2 The verification of the water level and the water depth
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Table 2 Numerical model experiment data

experiment depth D /m breadth B/m  breadth-depth ratio B/D slope & friction velocity v /(m/s)
1 0.082 0.300 3.659 0.000 100 0.008 50
2 0.050 0.300 6.000 0.000 550 0.014 21
3 0.072 0.300 4.167 0.000 838 0.021 44
4 0.040 0.300 7.500 0.000 314 0.010 44
5 0.027 0.300 11.111 0.000 090 0.003 59
6 0.085 0.300 3.529 0.001 000 0.024 73
7 0.080 0.300 3.750 0.002 700 0.038 20
8 0.057 0.300 5.263 0.000 720 0.017 20
0.9 8

P g average velocity of

the existent model
average velocity of

the improved model

0.6 4 & error of the existent model

- v error of the improved model ©
> — measured average velocity ~
£ L4 o
> S
S £
0.3 °
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1 2 3 4 5 6 7 8
experiment
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Fig. 7 Verification of the numerical models
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Fig. 8 Vertical velocity errors of the numerical models

maximum error & max / %

—s— maximum error of the existent model
—e—maximum error of the improved model

0

R
experiment
B9 RRIREX I
Fig. 9 Comparison the maximun velocity errors

K10 N wu, Hu, /v RRMEE, EXLEWS U =uw/u, 2" =u, z/v WE 2
AR, U B ERESE K, R TR AR AE R IRE N, 2 B R, U™ &7
R DAY R K 5 2 B R B — S BB B TR E , BT 58 i L= PR TR S P B /.
AR SRR S5 RS U LR S B T 58 45 R S S 4 2R R R e R B N 251
&, BB A5 R HA T A R L

ZRETE T~ 10 BlRSE R TR Ot R AR TS SR R B, B b S R 4R
FHRE Ui A 8 L s o0 AT R A SO BS OIA « D5 105 y T [ B R B0, 4 7RSS AR L



852

YRR B IR o AAAREEHATAE 14 1) RS i T i

I, XSS R R R, HL SRS RE A 10 2 1] 3 3 0 A R AR I, R FH i I A

RIHEAT RS AR UE A 45 SR A HERf 2.

24 24
R R
16 et f it 16
v g | [ —measured v 8 —measured
= existent model = existent model
0 e improved model 0 e improved model
0 200 400 0 150 300 450
z' A
24 24
ML b
6] st 16
N )
u 8 —measured u —measured
= existent model = existent model
0 e improved model 0 e improved model
0 400 800 80 160 240
z zZ
24 24
0 e .
161 ®
+ +12
v 8| [ —measured U —measured
= existent model = existent model
0 e improved model 0 e improved model
0 20 40 60 400 800 1200
A A
27 - 24
18 16
v 9/ [ —measured v g1 [ —measured
= existent model = existent model
e improved model 0 e improved model
0 600 1200 1800 0 200 400 600
z' A

10 U*-Z" KRk
Fig. 10 The U*-Z" curves relationship

3 45 1w

ARSCHRAEA_ Bt s, BAE LU 45

1) BT o AR AR N LT R S s TR BB (5) ~ (8) , A FROCT A Bk
TEREL PR, 152 o AAR R T BYA BROCTT R A S 1 A BROCTT R B SCHR [ 3-4,6 ] g i 5 e
T 6 A FROCTT R

2) Jad S R Sl AR T G R SR TR g A A TR B A SRR VA AR I A 4 R A
B DA TR 50 S TR 248 RN B2 B g 5 3 P 7 91 W 5 7 R LU (LY PR B K T R )™ 5
PRSI B 28 R RS Tt S 10 FOURAVINT [ S DR e, eI S el it 25 A6 T W 9K B 7Kk 3
PR, 107 R FH A A 7,

3) FRSLARIEITIRAE E A, AT IR R AR T A SR S S B A T L
AT LABA A2 - AR T A 2 0 1) - 32 30 B R S, RV A R 4 2R 5 S )



HEN & TR B EKE ZfEK 853

AR TR 22 T/ 5 RCHEASE TR A 38 ) 5 1] J00 38 0 A1 B 4230 S0 7 3 0. DAL ke, %t 7K Bl 7 R e
[0 7 B0 7 AT R 45 SR AT 50 s K B2 R I, IR FH ek A TR o A58

£ % ik ( References) :

[1] PHILIPS N A. A coordinate system having some special advantages for numerical forecasting
[J]. Journal of Atmospheric Sciences, 1957, 14(2) . 184-185.

(2] SER%, WX, OZER J. @iy —ZEa B EALL[J]. HEPEaEaR, 1993, 15(5) : 1-15.(DOU
Zhenxing, YANG Lianwu, OZER J. Numerical simulation of three dimensional tidal current in
Bohai Sea[ J]. Acta Oceanologica Sinica, 1993, 15(5) : 1-15.(in Chinese) )

(3] HEN i = A R R RTS8 e b [ ] R4, 1998, 20(6) : 87-100. ( BAI Yu-
chuan. Research on three-dimensional tide current mathematical model of coast and its appli-
cation[ J]. Acta Oceanologica Sinica, 1998, 20(6) : 87-100.(in Chinese) )

(4] HAEN, TR 5085020 =K i ECEBR K A BRI 8 i R [J ], 1
2, 1998, 20(5) . 126-135. ( BAI Yuchuan, YU Tianyi. Split step and layered quasi-three-di-
mensional mathematical model of flow and its application to tide current calculation in the Li-
anzhou Bay[ J]. Acta Oceanologica Sinica, 1998, 20(5) : 126-135.(in Chinese) )

(5]  BRIUT, Z2RNG. =ZEm i e ibis s i) — Mg E R [ J]. RER 4 ( A ARRHE S TRER
i), 1999, 32(5): 573-579. (CHEN Hong, LI Daming. 3D numerical simulation of tidal cur-
rent and sediment transportation| J |. Journal of Tianjin University (Science and Technolo-
gy), 1999, 32(5) . 573-579.(in Chinese) )

[6] BAI Yuchuan, WANG Zhaoyin, SHEN Huanting. Three-dimensional modelling of sediment
transport and the effects of dredging in the Haihe Estuary[ J]. Estuarine Coastal & Shelf Sci-
ence, 2003, 56(1) . 175-186.

(7] VESFAR, WKW =4Exd i oy B2 0 =Fhmoks B 2 2 X[ T . W HIEC# M 4, 2005, 26
(8):921-928.( WANG Shoudong, SHEN Yongming. Three high-order splitting schemes for the
3D transport equation[ J]. Applied Mathematics and Mechanics, 2005, 26(8) . 921-928. (in
Chinese) )

(8] sk, Ri&ise, LU, 5. 07 09 2 ) il 2 A AU [T ). PRV AFSY, 2007(4) @ 34-41.
(HAO Jialing, SONG Zhiyao, YAN Yixin, et al. Study on the tidal velocity profile in the estu-
arine and coastal areas[ J|. Journal of Sediment Research, 2007(4) ;. 34-41.(in Chinese) )

[9] WARNER J C, SHERWOOD C R, SIGNELL R P, et al. Development of a three-dimensional,
regional, coupled wave, current, and sediment-transport model [ J]. Computers & Geosci-
ences, 2008, 34(10) . 1284-1306.

[10] LIUZW, CHEN Y C, LI L, et al. Sigma-coordinate numerical model for side-discharge into
natural rivers[ J ]. Journal of Hydrodynamics, 2009, 21(3) . 333-340.

[11] TP, B, RIK ETARSS MRS B =K BRI [ J]. WG K% ( HARFEIR) ,
2011, 39(2): 195-200. (YU Shoubing, WANG Wanzhan, YU Xin. 3-D shallow water model
based on unstructured grids[ J]. Journal of Hohai University ( Natural Sciences) , 2011, 39
(2): 195-200. (in Chinese) )

[12] 5. WA =K 3 SR B R S [ D], WA fngsc. sl AR, 2012.
(TIAN Yong. Development and application of a three dimensional hydrodynamic and water

quality lake model[ D ]. PhD Thesis. Wuhan: Huazhong University of Science and Technology,



854

YRR B IR o AAAREEHATAE 14 1) RS i T i

[13]

[14]

[16]

[17]

[18]

[19]

2012.(in Chinese) )
ST I AR AE = 48K 3 1 5 EUERAURI S D], B A8 S0, Kt KER,
2013.( WU Yuru. Three-dimensional numerical simulation of hydrodynamics and salinity in the
Changjiang Estuary deepwater channel[ D |. Master Thesis. Tianjin: Tianjin University, 2013.
(in Chinese) )
BB, RHT5, IR, 55 JET GPU IFATR LMK 8 B R sy AR [ J]. K
FEHI T RF54R, 2014, 54(2) ; 204-209. (ZHAO Xudong, LIANG Shuxiu, SUN Zhaochen, et
al. Foundation and analysis of computational efficiency for hydrodynamic model based on
GPU parallel algorithm [ J]. Journal of Dalian University of Technology, 2014, 54(2) . 204-
209. (in Chinese) )
ZERNg, RSAER, MR, S5 EI R BIK S S R R ARG [ T . K R AR,
2017, 36(12) : 105-120. ( LI Daming, ZHANG Honggiang, BU Shilong, et al. Mathematical
modeling of hydrodynamic characteristics of tidal power generation test field[ J]. Journal of
Hydroelectric Engineering, 2017, 36(12) : 105-120. (in Chinese) )
B, HE. N0 4R EEAR L AR [ 3], K3 05 S, 2014, 29
(1) 114-124. (HUANG Mutao, TIAN Yong. Three-dimensional lake hydrodynamic numerical
modeling and its application to Lake Donghu[ J]. Chinese Journal of Hydrodynamics, 2014,
29(1): 114-124.(in Chinese) )
HEN, BOTHR, TR B. KGR VK AU B A s K i [ M ). R, KR 2 i i
2005. ( BAI Yuchuan, GU Yuanyan, XING Huanzheng. Theory and Application of Mathemati-
cal Model for Water Flow Sediment and Quality[ M ]. Tianjin: Tianjin University Press, 2005.
(in Chinese) )
IPPEN A T. Estuary and Coastline Hydrodynamics| M]. New York: Mcgraw-Hill Book Co,
1966.
TEEF-, T, STAZE. MR AR KR S50 SR B s WF ek [ J ], P st 5T 5 45 U 40 3
J&t, 2000, 20(3); 101-106.( WANG Yaping, GAO Shu, JIA Jianjun. Flow structure in the ma-
rine boundary layer and bedload transport: a review[ J]. Marine Geology and Quaternary Ge-
ology, 2000, 20(3) : 101-106. (in Chinese) )

BA] MR sh S (M ], dbat. AR3SHE HIAL, 2009. (ZOU Zhili. Coastal Hydrodynamics
[M]. Beijing: China Communication Publication, 2009.(in Chinese) )
SOULSBY R L. Dynamics of Marine Sands[ M]. Thomas Thelford, 1998.
KIRKGOZ M S. Turbulent velocity profiles for smooth and rough open channel flow[ J]. Jour-
nal of Hydraulic Engineering, 1989, 115(11) . 1543-1561.



HEN  R&E iR BEiME kg ZEK 855

Problems and Improved Methods of 3D Ocean
Hydrodynamic Calculation With the o
Coordinate Transformation
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Abstract: The 3D hydrodynamic model plays an important role in accurate simulation of the
physical characteristics of the ocean. The complex high-order terms are discarded in the tradi-
tional o coordinate transformation due to the limitation of the computer ability, which causes
certain errors or calculation distortions for actual complex terrains ( or water depth variations).
Therefore, the existent o coordinate 3D hydrodynamic model was modified in order to meet the
needs for high-precision calculation results. In the improved model, the complex high-order
terms related to the flow velocity, the water level and the terrain introduced through the o coor-
dinate transformation were comprehensively considered. The specific interpolation function and
the combination of the FEM and the FDM were used to solve the complete 3D shallow water
model equations in the o coordinate system. Compared with the existent model, the improved
model has a wider range of applications for changes in the bottom slope, the water depth and
the tidal amplitude, which could improve the simulation of the vertical flow distribution charac-
teristics under complex water depth changes and promote the accuracy of the calculation re-
sults. The calculation error can be kept in a small range in the improved model under some ex-
treme water conditions (with a tidal amplitude to water depth ratio greater than 0.15) , and the

improved model can reach a steady state in a short time.

Key words: o coordinate transformation; 3D hydrodynamic model; finite element method; fi-
nite difference method; hydrodynamic characteristic

Foundation item: The National Natural Science Foundation of China(41576093) ; The National
Key R&D Program of China(2018YFC0407505)

5| AZ<3z/Cite this paper:

HEN, B, R, B Bk, ZEK. ZgBRKs T o bR IR AR R )8R 2L
HEHIE[T]. AT F124, 2019, 40(8) ; 840-855.

BAI Yuchuan, WEN Zhichao, XU Haijue, LIAO Shizhi, CAO Yonggang, XIA Huayong. Problems and
improved methods of 3D ocean hydrodynamic calculation with the o coordinate transformation|[ J ].
Applied Mathematics and Mechanics, 2019, 40(8) . 840-855.



