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SUMMARY

This paper gives the results of an appheation of the SWEs (shallow water cquations) 1o a part of the
Hamburg harbour arca. which is a complex flow domuain. using the BFG approach. outlmed in Puart 1
The results of a grid doubling procedure generating the desired computattonal grnid from a coarse mitil
mesh are wlso presented. A second class of problems which ts addressed. demands time-dependent co-ordinate
systems. The problems which ure soived are the free surfuce problem for a moving wave which eventually
breaks and for a wave which is reflected by the solid walls of a rectangular basin.
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INTRODUCTION

The present paper is concerned with the solution of [luid flow problems using houndary fitted
co-ordinates. To show the usc of BFGs for two-dimensional internal flows, several complex flow
domains have been modetled. First. simulation results for a section of the Hamburg harbour
area are presented. This area ts geometrically very complex and is therefore well suited as an
example demonstrating the capabilitics of BFGs.

A second set of problems was calculated tn order 1o see how time-dependent solution areas
can be described. Two free surface problems were chosen, namely the breaking wave problem,
first solved by Haussling.! and the reflection of a wave in a rectangular basin. Because of the
boundary condition at the free surface. these problems are non-linear. When the wave begins
to break, the grid is severely distorted and computations become meaningless.
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SOLUTION OF THE SHALLOW WATER WAVYE EQUATIONS

First. the SWEs are considered which describe the flow field and the water level in an inviscid
rotating ocean under the assumption that the wavelength is much larger than the elevation from
the still water level. In Cartesian co-ordinates the equations read
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where . ¢ denote horizontal sclocity components. b is water level and D is total water depth.
If fu crssque Vo and D > HLequations {1) can be linearized by replacing D by H and omitting
the convective terms.

Introduction of transports U= ubf Vi=oH yields
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Three initial conditions are necessary for equations (2). We choose inttial conditions for L0 1

and h. For solid walls it is required that the normal velocity component vamishes. e, U, = (.
For open boundaries, i.c. boundaries which separate the solution area from the rest of the ocean. no
physical boundary conditions can be specified. Therefore. the transient water level £ 1s prescribed.
This requires. however. that open boundaries be separated far enough from cach other so that
inaccuracies of the measured water levels do not cause unreahistic flow fields.

If the boundary moves. we demand uD = 0. which is satisfied for D = 0. i.c. the otal water
depth vanishes. This property can be used to determine the variation of the shoreline in the
course of time. Hence dry running areas can also be modelled, ¢.g. Reference 2. The shallow
water equations can be solved analytically for a rectangular basin of constant depth as well as
for circular basins of constant and parabotic depth variation. Extensive comparisons of analytical
and numerical results, along with comparisons between BFG models and conventional finite
differance models using rectangular grids are found in Reference 3.
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Figure 1. Co-ordinate system for shallow water equations: h = surface elevation: D = water depth; H = still water depth
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Introducing the vectors w=(LU. V. O)" =(u,. w>. 037 and F=(0. 0. /4. the momentum
cquations (2) can be written in the form
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where the nomenclature of section 3 of Part 1* has been used. The respective covariant form is
o, gHh, g [t =0 (4

where u,. u* are covariant and contravariant components. In generalized co-ordinates equations (2)
take the following form. where the first two cquations follow directly from i4) and the third one is
obtained from 1293 in Part [ which gives the general form of the divergence:
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If ome wishes to retain the Cartesian velocity components. equations 121 can be transformed
hy use of the chain rule. which vields
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Derivatives can be brought into o conservative form by adding a term  fiy_, - 3,.b=1.
where { is u function of x. e.g
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where the [irst lorm is non-consersative and the second is the conservative one. For the analvtical
solution the two schemes are equivalent. Numerically the schemes are different, since, dependent
on the discretization. the order of the derivation cannot be interchanged for second derivatives. In
Reference 5 it was reported that a conservative scheme vields more accurate results. Test
calculations for an annular ring revealed that in this case the non-conservative scheme wus more
accurate.” As a BC it is required that the normal transport component U/, vanishes at solid walls.
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