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Three—dimensional Mathematical Model of Sediment—laden Flow and Water Quality
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three—dimensional numerical simulation;flow and sediment transport;eutrophication model;diagon

al Cartesian method;multidimensional upwind scheme

SIS

AFZKAAF KT Jeib IS RWEYI s KA A R B = 4eRi k. R R ) = 4R A
MR RS, e TSGR, E00ab)FEmemis LB A & SLhr M AT L. ASCE OA AR
LR b, KR T =KD KA, REREAR Y 7 SR A R H 55T BO K b kg e FL 5 1R T PRAZ T
TS HDIR LY BONK A s 8 R SE I AT = SR BB R o DRSSO DS R AR AT = ZE RO R SR AR i Hh
AR R S SRR N N RS, IR e =R, G T TRE AR S X RN T B
PERCBR X IR, SR FARUER XU FEZR IR AR SIMPLE B3R . 10 SR FH AR TR /KA 7 ek i 191 %o A 28 3
17 THRAE, IR RIEA 2 AW SEPRiTE T, B S 7 MRS 2 i im P A DA K B /K T A2
WDl B, BT XEAE TR RS M A KA Tl LB AR B R R A it Ja kb
BRI AN, 7 22 T IKE KD 73 A RASTE A . 50— SRR R =4, & /K38 T2 e (7]
1 BT K 22 BRI, SR M-Y2. 5 [ SRR SRR SR f . O 1 R AN R3O 9B & e, SR
FIROS A 8 R 7R T I S B T B0 SR, A ROt 3 S OB RS s O T GRAE M H% Peclet X
BORNE LT A geia R 20 BRI R B SR, SR 22 430 XUk AR BRI, JFA s 45 B2 A 7 R
PR SBEAT TR LERAIE o 18 SO R AL /KPR U B AT T IR AT T, SR FH R AR S 51 S ) 7K T A AL
BT R LB AR B J) 2 g SR ) B R, Bl T R ) HE R AR W R K = 4R o s AN
BITKEREEFRUIG, SHERME 7K R, BLURCE S TR KRR 2R IR SIS TR 1
TR RESE . WA AU AE ST XK YD KA B S R AR il B R R I = e A i vy 1 i SR EE AT
TR, §RT NATVERE, A=A R 2 IR A 1 BRI HOR SR

S E ]

Three—dimensional (3D) movement is an important characteristic of water flow and transports of
sediments and other water quality constituents. In the past several decades, many numerical
models have been developed to describe 3D flow structures. Yet, due to its complexity, continuing
research is still needed for the improvement of both fundament theory and application methodology
in 3D numerical modeling. In this dissertation, a 3D mathematical model on sediment transport
and water quality is improved to meet the needs for the different engineering projects. The
model is capable of simulating the special 3D characteristics of water flow, sediment transport
and river bed deformation, water temperature stratification, and eutrophication in lakes or
reservoirs, etc.Based on different fluid dynamics in different water regions, two kinds of 3D
numerical models are presented respectively. The first kind is the full 3D model, which focuses
on the small scale with strong turbulence such as river or flume. The turbulent model and
structural curvilinear grid are applied in the model, in which the water level is resolved with
2D possion—equaion and the model technique is SIMPLE. The bed load transport model is improved
by introducing the non—equilibrium adaptation length to classify different numerical scheme,
addressed the relationship with the size of the calculated cell. The enhanced model is used to
calculate the velocity field and water level variations by the piers in Liangshui River near
Beijing South Railway Station and the flow and sediment transport around groynework located in
Yongding River respectively. The results from model simulating indicate that the enhanced model
can reasonabely characterize the 3D feature of secondary flow, sediment concentration and river
bed deformation caused by the construction of the hydro structure.Another kind of model is
multiple—layer quasi 3D model for large modeling for estuaries, lakes, reservoirs and coastal
waters. A turbulent model of Mellor-Yamada level 2.5 and mode—split solution technique are
applied in the model. The 3D diagonal Cartesian method is used to improve the boundary zigzag
effects caused by the orthogonal grids, and the multidimensional upwind scheme is adopted to

improve the false diffusion caused by traditional upwind scheme in large grid Peclet number




situations. In order to evaluate the multidimensional upwind scheme, a test case of rotating the
cavity flow in 45 degree is selected to compare the numerical calculation cases at the different
Reynolds numbers. Based on the equation of the solar radiant heat exchange at water surface, and
the phytoplankton growth model, a water temperature and eutrophication model is presented in
this dissertation. The 3D convection—diffusion process in tidal water of power plant thermal
discharge and the water quality process in Guanting reservoir are simulated by this model.
Numerical results show that the model is efficient and reliable in modeling the stratification
induced by water temperature and the Chl-a & nutrient cycle process in eutrophication
reservoir. The successful applications of the model in hydrodynamic, sediment and water
environment have demonstrated the improvement of 3D numerical model enhanced in this study. It
shows that the enhanced model leads to the increase of model accuracy, efficiency and model
capability for various engineering applications. The model presented in this study can be used

as a useful tool to support for further applications of engineering problem.
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