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CHAPTER 4.- NUMERICAL MODEL 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.-SOFTWARE DESCRIPTION. 

 
The program used is MIKE 3, version FEXIBLE MESH with HD MODULE 
(Hydrodynamic module) and A-D MODULE (Advection diffusion module), 
developed by Danish Hydraulic Institute (DHI). MIKE 3 FM is a general three-
dimensional modelling tool for oceanographic, coastal and estuarine applications. The 
model comprises various models for turbulence and incorporates dynamic baroclinic 
effects from salinity and temperature differences, so it is possible to introduce the 
stratified flow presence. The model can depend on a number of external forcing as 
meteorological effects and boundary conditions. The mesh is unstructured and 
flexible, which provides an optimal flexibility while retaining an efficient numerical 
solution. 
 
The application areas are generally problems where flow, transport and/or baroclinic 
effects are important with emphasis on coastal and marine applications. Examples are 
flow and transports in tidal estuaries, tidal waves, baroclinic circulation, dispersion 
and effluents or cooling water and Lake Hydrodynamics.    
 
4.2.- DESCRIPTION OF THE DIALOG OVERVIEW HYDRODYNAMIC 

MODULE 

 
The dialog overview is the interface where the user set up the inputs in the model. In 
the next lines a short description of the dialog hydrodynamic module is described 
below. 
 
Domain 
 
First of all it is necessary to set up the mesh file generated by a pre-processing 
procedure. As well a vertical layers must be defined for the vertical profile. 
Additional information about the coordinate type must be described. 
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Simulation period 
 
A simulation period is necessary to be introduced as the next information: 
 
Time step is the number of time steps of the simulation period 
Time steps interval in seconds ( ∆t ) 
Time simulation starts data that is according with the time step 0. 
 
Automatically the maximum Hydrodynamic Curant number will be computed. 
This number is recommended to be under 0,5 to avoid stability problems (see chapter 
3). 
 

A
tdg

Cr
∆⋅⋅

=          (4.1) 

 
Where A is the characteristic area of the triangular element. In the case that the Cr 
number would be achieved stability problems could be appearing. There are different 
ways to decrease again the Cr number: a new refined of the mesh in the smallest 
triangular zone or decreases the time step.   
 
Density 
 
 The density is generally a function of a salinity and temperature. Exist four 
possibilities to consider the density. One is consider as a barotropic mode. In this case 
the temperature and salinity will be constant and the density will not be updated 
during the simulation. The other three ways are consider temperature and/or salinity. 
In theses options the density will be updated from the Temperature and/or density 
field. The density is calculated using UNESCO standard equation for seawater. 
 
Eddy viscosity. Turbulence module 
 
The turbulence can be modelled in terms of an eddy viscosity and a bed shear stress. 
The eddy viscosity is split into a horizontal and a vertical part, which are specified 
separately. 
 
The horizontal eddy viscosity can be specified in one of four different ways: 
 
• Not consider the eddy viscosity (no eddy viscosity) 
• Constant value in tine  (spatially variation or spatially constant) 
• Dynamically calculated using the Reynolds analogy and giving Reynolds or eddy 

viscosity. The analogy is according viscosity of Newton: 
• Dynamically calculated by Smagorinsky formulation. This formulation is often 

selected as a compromise between a constant value (option 3) and the more 
sophisticated turbulence models (κ turbulence model and κ-ε turbulence model) 
that consume more computational time due to the additional equations. 

 
The vertical eddy viscosity can be specified in one of four different ways. 
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• Not consider the eddy viscosity (no eddy viscosity) 
• Constant value in time  (spatially variation or spatially constant) 
• Dynamically calculated as a parabolic variation based on the log-law.  
• Dynamically calculated from κ-ε turbulence the model. This turbulence model 

uses transport equations for two quantities to describe the turbulent motion, and 
the eddy parameter. This two quantities are the turbulent kinetic energy (κ) and 
the dissipation of rate of the turbulent kinetic energy (ε). 

 
Stratification and layer boundary in κ-ε turbulence model 
 
The fact to consider 3-Dimensional effects it is necessary to provide effects of the 
stratification flow. Density gradients tend to reduce the shear stresses and thus 
increase the difficulties in the mixing process. Therefore a turbulent model that takes 
into account this effect is necessary (see chapter 2). MIKE 3 allows consideration of  
the baroclinic effects in two ways.  
 
The  κ-ε turbulence model considers this effect as has been shown (chapter 2.2). This 
model uses transport equation for two quantities to describe the turbulent motion: the 
turbulent kinetic energy, and the dissipation rate of turbulent kinetic energy. To use 
this it is necessary to implement two additional equations, so the computational time 
will increase. 
 
As well can be considered the density gradients in the vertical profile in the log law 
turbulence model, again that compute the eddy viscosity doing a correction based in 
the horizontal eddy viscosity in function of the local Richardson number (chapter 2) 
as follows: 
 
 2/1

0 )101( −⋅+⋅= RizTTz υυ           (4.2) 
 
where υTOz is the eddy viscosity undumped. 
 
Bed resistance 
 
It is possible to choose between 5 different types of bed friction (τb): 
 
• No bed resistance 
• Resistance coefficient which is a linear drag law as: 
 

 2UCD
B ⋅=
ρ
τ          (4.3) 

 
       Where the drag coefficient CD is specified and U is the velocity most lower node. 
 
• A quadratic drags law, where the drag coefficient is specified. 
• A calculation based on Mannings formula, where the Manning number is 

specified 
• A calculation based on the log-law, where the equivalent roughness is specified. 
 
The numbers specified can be set up as a constant value or spatially varying 
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Coriolis force 
 
The effect of the Coriolis force can be included in the following way: 
 
• No Coriolis force 
• Constant Coriolis forces: this is calculated using a constant specified latitude. 
• Variable Coriolis force: this is calculated using a latitude information given in the 

mesh file.  
 
Wind forcing 
 
The stress generated on the surface due to the wind can be handled in one of four 
ways. 
 
• Disregard any wind effect 
• As constant in space and time: It is necessary to specify constant values for the 

wind speed and direction. 
• As constant in space but varying in time. The values are given through a time 

series file in speed and direction.  
• Varying both in time and space. The values are given in area series file for the 

speed and the direction.  
 
Wind directions are given in degrees and measured clockwise from true North to 
where the wind is blowing from. In case of time and spatially varying wind forcing, 
you may choose to include air pressure variations in your simulation in which case the 
air pressure must be one the items in the wind data file. The wind factor can be 
specified either as a constant or as linearly varying between two values based on the 
wind speed. In the latter case, if the wind speed is below the lower limit, the friction is 
given the value corresponding to that the limit (and correspondingly if the wind speed 
is above the maximum).  
 
Soft start interval 
 
The soft start interval is a number of time steps over which the forcing functions are 
gradually increased from zero to 100% of their value to avoid stability problems. 
 
Wind friction 
 
The wind friction factor can be specified either as a constant or varying with wind 
speed where the friction factor is linearly interpolated between two values based on 
the wind speed. In the latter case, if the wind speed is below the lower limit friction is 
given the value corresponding to that limit, correspondingly if the wind speed is 
above the maximum. 
 
Precipitation evaporation 
 
In the applications where the rainfall is important for the flow, you can include 
precipitation in your simulation. The precipitation can be included in one of three 
ways: 
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• Constant for whole domain 
• As constant in domain but varying in time 
• Varying in both domain and time 
 
The perception rate is specified in mm/day and if it is negative it will act as 
evaporation. Similar to the precipitation the evaporation can be included in one of the 
three ways: 
 
• Constant for whole domain 
• As constant in domain but varying in time 
• Varying in both domain and time 
 
The evaporation rate is specified in mm/day, positive for loss of water to the 
atmosphere. 
 
Soft start interval 
 
In the similar way to the wind forcing, the soft start interval is a number of time steps 
over which the forcing functions are gradually increased from zero to 100% of their 
value to avoid stability problems. 
 
Sources  
 
Each source/sink point can be given a sensible name and the location and depth must 
be specified in either UTM or geographical coordinates. The depth is negative. The 
source will be connected to the node nearest to the specified location and can 
therefore change vertical position during a simulation. So is necessary to specify the 
discharge magnitude (mass) and possibly, velocity components in x and y direction. 
 
Initial conditions 
 
MIKE 3 offers four different modes for starting a simulation: 
 
• Cold start: u an v and elevation is zero when the simulation begins 
• Constant means that u, v and elevation must be specified as a constants. 
• 2D elevation: a map of initial elevation will be specified. 
• Hot start: The hot start facility requires a hot file for the model area. This file must 

originate from a previous simulation. The hot start file contains all necessary 
information to continue a simulation. In this way information time can be reduced 
if for a instance a number of scenarios are to be compared, all based on the same 
(hot start) initial conditions.    

 
Boundary conditions 
 
Initially the dialog scans the mesh file for boundary codes, and displays the 
recognised codes and suggests a default name for each. Further is created a boundary 
for each code, where boundary conditions can be specified. For hydrodynamic 
boundary there are 4 possibilities: 
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• land 
• No slip 
• Specified level (tide) 
• Specified discharge (river). In this case exist the possibility to choose either: 

constant, variable in time (time series file) or variable in time and the boundary 
(line series file). 

 
As well a soft start can be chosen to avoid unsuitability problems.  
 
Temperature and salinity 
 
The temperature and the salinity are associated to the density specification. So, the 
density is computed with both parameters. The module solves the transport equations 
for the temperature (gives in…) and salinity. The programs through the dialogs allow 
specify values in boundary, source terms and time and line series files for both 
parameters. As well it is necessary to determine the diffusion parameter for the mass 
and heat transfer. There are to ways  
 
• Proportional to the eddy viscosity through Prandtl number (eq. 2.70) 
• A constant coefficient, given as either globally constant or spatially varying. 
 
Heat exchange 

 
The heat exchange with the atmosphere affects the temperature and thereby the 
density. It is calculated on basis of the four physical processes: 
 
• Long wave radiation  
• Sensible heat flux (convection) 
• Short wave radiation 
• Latent heat flux 
 
Outputs 
 
The outputs data must to be specify in the dialog. For each output it is necessary to 
define parameters to be shown, the times range and the frequency and finally the 
format. The following formats can be chosen: 
 
• Points series: selected field data in geographical defined points 
• Area series: selected filed data in geographical defined areas, either the entire 

domain or a rectangular section. 
• Lines series: selected field data along geographical defined lines 
• Volume series: selected field data in geographical defined areas with a vertical 

extend, either the entire domain or a rectangular (horizontal) section. 
 
As well MIKE ZERO provides a range of post-processing data to data viewer where 
the plotting tools can provide al the data needed. As well a generate video files and 
animations can be generated.  
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4.3. DESCRIPTION OF THE INPUTS DATA IN TRANSPORT MODULE 

 
The Transport module solves the three-dimensional transport equation of the 
advection-dispersion for a specified number of dissolved or suspended substances.   
 
 
Component specifications 
 
 On this dialog a number of components or substances that will be included can be 
specified. For each one it is necessary to define the description either no decay 
substance (conservative substance) or a linear decay substance (non conservative 
substance).  As well is possible to introduce a background value to minimise 
numerical inaccuracies in the applied advection-dispersion scheme.  
 
Initial concentrations 
 
The initial concentrations can be given as a constant value applied to all positions in 
the area domain file. 
 
Boundary concentrations 
 
In the boundary concentrations is possible to specify the concentration at each open 
boundary for each component. This concentration can be specified as a constant value 
(along the boundary and constant in time), time series files (constant along the 
boundary) or line data file.  
 
Component Decay 
 
The component decay can be specified as either a constant value or a time varying 
parameter. 
 
Dispersion 
 
The horizontal dispersion and the vertical dispersions have to be specified. These 
values can be specified directly or proportional to the eddy viscosity, through the 
Prandt number using a k-ε model of turbulence.  
 
Source concentrations 
 
Similar to the hydrodynamic module each source/sink point can be given a sensible 
name and the location and depth must be specified in either UTM or geographical 
coordinates. 
 
Deposition Concentration 
 
It is possible to define the dry deposition in the simulation. In this case is necessary to 
define how the component concentrations change due the deposition through the 
water surface (surface deposition) or from the seabed (soil deposition). For both types 
of dry deposition, you may specify the deposition rate (in units of component’s unit 
cubic metres per second) as constant value, time series or linear series  
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Output Specification 
 
Similar to the hydrodynamic module can be defined several outputs formats. 


