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1. Continued model
High precision 3D hydrodynamics model for shallow water basins has been built and ap-
plied earlier [1]. However, model examined below is of satisfactory accuracy in a number of
cases. This model may be considered as the simplest and economical 3D hydrodynamics model
for shallow water basins. Present model describes water medium motion in basins where density
gradient is neglible and acceleration of motion in vertical direction is neglected. To obtain the
model we use following system of equations:
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Let us consider & =¢& (x, V, t) - elevation function. It shows free sea surface departure from undis-

turbed state on Oz axis, directed vertically down. Integrating hydrostatics equation (3) vertically
from -¢ till z coordinate, taking into account that atmospheric pressure on undisturbed sea surface
level is constant p,, we obtain
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Using equation (5), we find partial derivatives ar = pogﬁ, ar = ,oogﬁ and if we substi-
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tute them into equations (1), (2) we obtain:
2 2
@+u@+v@+w@—h}:—g§+i(v@j+Al §u+é’—uz ; (6)
ot Ox Oy oz ox 0z\ 0Oz Ox* Oy
2 2
ﬁ+uﬁ+vﬁ+wﬁ+lu:—gﬁ+i(v@j+,41 O’JV+0’JVZ . (7
ot Ox Oy oz oy o0z\ 0Oz ox* Oy
We integrate equation of continuity (4) on z from -¢ till H and obtain expression
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Using equality
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and boundary conditions at the bottom u=v =0, z= H , and kinematic conditions at the free
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Considering last equation and formula (8) we obtain equation for elevation function
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System of equations (6), (7), (9) and (4) are being considered in some G - domain, which is

closed basin, confined by undisturbed sea surface z=0 bottom H=H(x,y) and cylindrical bound-
ary surface o. It is necessary to add initial conditions

u(xay>ZJO):U0(xayaZ)a V(xay,Z,O):Vo(xay,Z),
E(x,0,2,0)=¢&(x,0,2), (x,0,2)eG,t=0,

Initial conditions help to reconstruct initial field for velocity vertical component
w(x,y,Z,O) = wo(x,y,z) , (x,y,z) eG,t=0 .
Boundary conditions are formulated as follows. For velocity horizontal components: in

common case, velocity function coordinates u and v must be set on fluid surface boundaries, on
solid surface boundaries — adhesion conditions:
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-on free surface, using wind friction components 7,, 7,
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-on the bottom we use Chezi formula
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where C, - Chezi coefficient.
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2. Splitting difference scheme.

It is possible to take into account three processes, described by the system (4), (6), (7),
(9): momentum transfer along water flows trajectories, diffusion and flow fields adaptation.
Diffusion and transfer processes in horizontal and vertical directions for shallow water basins,
with ratio L/H=10 and more, where L and H are characteristic dimensions of water basin corre-
spondingly in horizontal directions and vertical, have various execution time “scales”. Proceed-
ing from above stated physical prerequisites we write differential equations splitting system. This
system corresponds to initial system. We have following systems, sequentially solved on time
interval ¢, < t <t,+;:
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Symbol “n” means that linearization has been done in transfer equations — velocity components
values in equations (14) are taken from previous time step.

Space grid, where system (14)-(18) discretization will be executed, consists of rectangu-
lar parallelepipeds with dimensions 4, X A, X h.x, where hy, h, are steps of plane grid, which is
uniform in horizontal directions; /. is step of the grid, which is nonuniform in Oz direction in
common case. We give number to each cell of the space grid — for rectangular parallelepiped -
three indexes i, j, k, referring them to parallelepiped center of symmetry. Thicknesses of bottom
parallelepipeds — cells with the numbers (7, j, m), depend on numbers (7, j), and thicknesses of
surface parallelepipeds - cells with the numbers (7, j, M) - besides, depend on free surface loca-
tion and, therefore, time. Grid functions of velocity components . Yorao Vipfur Wijkwyz 81

defined in the centers of symmetry of parallelepiped verges i, j, k, but elevation function &, ; is

defined in the point of disturbed surface, located above parallelepiped center of symmetry i, j, k.
We build "semi emplicit " approximation. For this purpose we approximate equations
(14), using the upwind explicit schemes. For the equations (15)-(17) we use implicit difference
approximation.
We write out approximation of the equations (16) as solved regarding functions um/2 ik
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In  equations (19) and  (20) the following indications were  used
h, g = O'S(hz,k+l +hzk), h, gy = O'S(hz,k—l +hzk), where minimum and maximum values of

index k - correspondingly m=m(i,j)+1, M=M(,j) - when computing h.;;», and m=m(ij),
M=M(i,j)-1 - correspondingly when computing 4. +;,. We set difference boundary conditions.
To make more comfort we will also consider dummy cells of 3D grid domain with numbers m-/
and M+1. Then boundary conditions in vertical will be as follows
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Approximating equation of level surface we use formula of rectangles for approximate
substitution of integrals. We have
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Equation of continuity approximation leads to difference equations system
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with boundary conditions w/';, ,, =0.

Scheme has summary approximation error O(|h| + r) , where |h| = \/hj + hi + max {hfk } Estima-

tion of time step permissible value may be as follows

1 h
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3. Scheme numerical realization.
We transform systems (19), (20) and (23), excluding from (23) velocity components . For
this purpose we write equations (19) and (20) in matrix form, using boundary conditions (21),
(22):
r
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where vectors and matrixes, taking place in the systems (26) are following
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Matrix 4" | is defined by the same way. Systems (26) are positive defined and symmetric

i,j+5
three diagonal systems. Matrices of systems have inverse matrices. Systems (27) are realized by
Thomas algorithm. Multlplylng both parts of the system (27) correspondingly by
VE VE and substituting vectors U} /2 i« and V' +1 4 0 to system (23), we ob-
i+5, J i, j+%

n+1
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It may be shown that system (28) has positive defined and symmetric matrix. For its re-
alization it is possible to use parallel variant of ATTM [1, 2]. To compute difference equations

system (27) coefficients, which are (AH )T A'AH and take place in the left and right parts, we

apply Thomas algorithm on each time step. Systems (25) solving may be found, using parallel
variant of cyclic reduction method [3].

We propose theoretical performance estimation of multiprocessor systems (MPS) in de-
pendence of processor number n, #./1, - ratio, where t. - one machine word time exchange infor-
mation between two processors, t,- typical time arithmetic operation, and N- number of nodes of
grid in each coordinate direction have been presented for various type connection between proc-
essors. This theoretical analysis allows to choose the optimal characteristic of multiprocessor
system (n - number of processors, #./Z, - ratio) in dependence of N - number of nodes of grid in
each coordinate direction for various connection structure between processors.
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