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INTRODUCTION

Turbulent flow in a test reservoir caused by wind shear stress has been simulated numerically using space
averaged time-dependent Navier-Stokes equations. For this type of flow, like for the most of the geophysical
flows, experiments are difficult to conduct, and field measurements are very expensive (and often incomplete),
so appropriate mathematical modelling has indispensible role in lake and reservoir management and water
quality control. However, no matter how true mathematical modelling could be, without field measurements model
cannot be tuned or confirmed.

The Navier-Stokes equations are filtered (or space averaged) instead of time averaging, as it is usual for
obtaining the Reynolds’ equations. The objective of this method is to remove small eddies from the flow field
[Deardorf,1970], and to model them (Sub Grid Scale modelling). Derived equations are for large eddies , so the
other name for the method is Large Fddy Simulation. It is observed that only large scale eddies differ signif-
icantly between flows, while small scales are nearly isotropic. Also flovw properties are dominated by the
influence of large, energy containing, eddies which can be resolved, and less remains to be modelled.

In some areas of Fluid Mechanics SGS modelling was very successful, even in the cases where some very
sophisticated time-averaged turbulence closure techniques failed (for detailed list of references see
Ferziger,1981). Unfortunately, the most of analysed cases are still far from the engineering applications.
This research is primarily aimed to develop mathematical model and computer code based on LES, which will
account for all specific characteristics of flow in lakes, and vhich will be suitable for engineering applica-
tion. The equations are written in nondimensional form, and due to quite different length scales for horizon-
tal and vertical directions, some statements of relative significance of some terms in equations are given.

MATHEMATICAL MODEL
Navier-Stokes’ equations for horizontal directions with included effects of earth rotation [Ivasa &
Inoue,1984] are filtered [Deardorf,1970,Ferziger,1981], and resulting equations for horizontal directions are:
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Leonard’'s terms can be written explicitely because they depend on the type of the filter used, and SGS stress
teljms should be modelled. Eddy viscosity approach and Smagorinsky's model based on local turbulence equili-
brium are used to model SGS stress.

In this analy51s.space averaging is rather formal step used to explain physics of flow, not necessarely to
give equations which are to be solved. Leonard's terms which make resulting equations odd are not discussed
here. Temporarely accepting the sugestion of many authors {Baron, 1982,Ferziger,1981] they are dropped, even
though some calculations of them like ancillary results show that they might be of some influence This
remains to be investigated later. ’

More important is the way of defining of eddy viscosity. Smagorinsky model is:
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vhere (c? is a constant estimated to be between 0.0675 and 0.23,
the equations are filtered. For this type of flow, control volumes

cal direction is usually two order of magnitude less then for horiz

and A characteristic grid spacing over which
are very flat, and grid spacing for verti-
ontal. That allows us to state that A is of
;he org{er of D, rgther then of L. Ix? other papers [Moin & Kim,1982] it was some average of grid spacing in all
irections. If U 1s_ref‘e1_fence velocity, L and D reference horizontal and vertical lengths respectively,
equation for eddy viscosity can be written in dimensionless form, and with velocities u,v,w instead of u;:
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The group c_>f‘ terms in square brackets will be retained, and the rest will be dropped. Obviously (cA ) is some
sort of mixing length, so here the problem is the definition of mixing length (like in Radojkovic & Ivetic,
1982). For this example A was equal to vertical grid spacing. ¢ was variable, but constant in one computer
run. Equation (1) for x direction, with At reference viscosity, reads:
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where 3Vi/3z" stands for terms in square brackets in the equation (4), and Re=UL/A; some form of Reynolds

number. In the equation (5) the importance of the last term on the left hand side is at least the same as of
the other convective terms. The most of the external influences (wind and bottom shear stresses) are intro-
duced through the last term on the right hand side which has to be modelled the most carefully.
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RESULTS
Numerical method used in this research differs slightly from that explained earlier (Iwasa & Inoue,1984).

Scheme is explicit staggered in space and in time (leap-frog), and momentum equations for x and y directions
are not integrated over the same control volume. Simple test reservoir is chosen, square in horizontal plan
(800 m x 800 m), with uniform depth (=16m). Water is set into motion by uniform shear stress applied over free
surface. Results of computations are used only to illustrate some properties of this approach. Time step was
equal to 4 s what was the maximum for solving of surface gravity waves. Period of gravity waves was approxi-
mately 128 s, as can be seen in the figs.1. & 2. where time histories of water level changes in a corner of
the reservoir, surface and bottom velocities (for central column) are plotted. The surface waves are in the
class of the fastest changes in the lake, and if one wants to resolve them, time step, short like this, has to
be used. The other type of motions (that are usually more important for mass transport) are visible in the
figs.1. & 2. : surface velocity plot shows response of lake to uniform shear flow, and bottom velocity plot
shows flow instability in lower layers caused by the presence of bottom and downwelling motions from above.
Both motions are of much longer period, and for their solution biger time step should be adopted. In figs. 1.,
3. vind {(and surface shear stress) has south to north direction and in Figs. 2.. 4. southwest to
northeast.Wind speed was 10 m/s. Reservoir boundaries are paralel to coordinate axis.

CONCLUDING REMARKS AND OBJECTIVES FOR FURTHER RESEARCH
At this stage all expected benefits of this type of modelling are not yet obvious, but encouraging is the

fact that computation time is not considerably increased when such sophysticated model is introduced. Dimen-
sional analysis shows that the most important is vertical momentum exchange between layers, but in some parts
of flow domain, horizontal acceleration is also important, and cannot be neglacted. If Smagorinsky’s model for
local equilibrium is used the problem is shifted to mixing length matching. Mixing length has a role of
filtering, too big one will damp all, otherwise resolvable, large eddy motions.

Before applying this model on real lakes and reservoirs, our efforts will be directed in the following:

- improving of the vertical momentum transfer modelling, especially near the bottom (refined grid) and free
surface;

- investigating the role of lLeonard’s terms on momentum transfer;
- investigating the influence of thermal stratification on vertical momentum transfer (through mixing length

estimates);
- and, if necessary, introducing semi implicit numerical scheme (to enable longer time steps).
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Fig.1. Time histories of water level (HH), surface velocity (eurs ) Fig.2., Time histories of vater level (HH), surface velocity (v, ) and
and bottom veloc ty (o ) due to south-north wind (speed=10 m/s). bottom velocity (uw: ) due to southwest-northeast wind (speed=10 m/s).
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ig.4. Velocities in the vertical cross section through the center of the
ervoir after 1000 time steps due to southwest-northeast wind (speed=10 m/s).
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Fig.3. Velocities in the vertical cross section through the center
after 1000 time steps, due to south-north wind (speed=10 m/s).
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