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Summary: Wind power assessment in complex terrain is more demanding task than site assessment in flat terrain. Modeling wind conditions with standard linear models such as WAsP (Wind Atlas Analysis and Application Progam) does not sufficiently reproduce wind conditions in complex terrain, ecpecially on leeward sides of terrain slopes. Even anemometer measurements directly at a wind turbine’s site do not necessarily deliver the results necessary for prediction calculations, as extrapolations of wind speed to hub height is tricky.

A more complex model, based on Reynolds averaged Navier-Stokes equations and modified two-equations k-( turbulence model for neutral atmospheric boundary layer conditios, written in general curvelinear nonorthogonal coordinate system, has been used. The sets of full conservation equations are numericaly solved by Computational Fluid Dynamics (CFD) technique.

A comparison of the application of linear model WAsP and CFD model WindSim on complex terrain is presented. Siting of mezzo and micro models of Seličevica (southeasterly Serbia, nearby the City of Niš) has been investigated. Considerable discrepancies of wind speed have been obtained using linear and CFD models. Statistics of annual electricity production varies up to 30% for Seličevica site.

This paper is concerned by the National Program of Energy Efficiency, project number: TR33036, funded by the Government of Republic of Serbia.
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1. INTRODUCTION
The most assesments of the classical fuel resources, mostly fossil, clearly marks the fact that their resources, especially for oil, are close to the end. From the other side, the global heating and pollution problem, mostly caused by large emissions of flue gasses from power plants and engines, arises constantly. Needs for energy constantly rises, so even the reachest states experience the energy problems (as the two-day California energy system collapse). All this facts points to the necessity of transition to the sustainable development, especially to the usage of renewable energy sources, among which the wind energy clearly takes its place, considering its large potentials, purity and availability. The present constrains are mostly of financial nature.
Having all that in mind, the most important task is the siting of wind turbines. For that purpose, the wind atlas method is developed, which became the best for use with the fast development of computers. The task itself is comparativelly simple when the terrain considered is flat. But, in terrains with complex orography, situation is much more complex. With change of wind turbine position of only few dozens of meters, their potentials for energy production can be drastically altered. It can be shown that simple, linear models (as the one used for WAsP) can’t estimate correctly the wind energy potentials in the terrain where the ruggedness index exceeds 0.3.

Terrains with complex orography can have larger potentials than flat terrains. This is caused with the speed-up effect, which also depends on the main wind directions. Considering all above mentioned, the necesity of using more complex, CFD software, which is solving the complete set of conservation equatios, is obvious. The present practice is that the change of wind turbine location is justified if the potentials increases at least for 1%.

2. COMMON BASES FOR ALL SOFTWARE PACKAGES
All software packages needs more or less the same input data, i.e. it is necesary to have:
· digital model of heights, with resolution up to 100 m (desirable 25 m)
· roughness model (with basic roughness classes, at least)
· obstacle model in the vicinity of the anemometer and the wind turbine sites
· wind roses, with resolution of an hour, desired 10 minutes
· wind turbine data (for the type that will be instaled)
· enough computer power for simulations.
3. MATHEMATICAL MODELLING
3.1 
General model – prognostic
This models involves the full set of the differential conservation equations. They are solved using the adequate existing software packages, or by developing new ones. On the right side of the momentum equation some source terms can be noticed. They are: D – pressure forces term, E – buoancy forces term and F –Coriolis force term. Adequate terms can be find in the rest of the conservation equations.

This model was used as the base for the WindSim software package
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3.2 
Kinematic model
Simplifying the above set of equations by neglecting and removing some terms, finally we came to the kinematic model. This model, except the continuity equation, consists of the boundary conditions on the lateral sides of the domain in the logarithmic wind profiles form, with using of the Weibull distribution for acquision of the wind speed and direction data.
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4. COMPARATIVE ANALYSIS OF WIND POTENTIALS ASSESMENT
Wind energy potentials on a site can be compared in many ways. Parameters for comparison can be mean wind speed, wind power density, annual energy production on a site etc. But, generally, all of them depends on the mean wind speed, so the mean wind speed field is taken as the basis for comparison.

Comparison of the results will be shown on the mezzo model of Seličevica, nearby Niš. On the chosen site, farm of 20 wind turbines is sited. Wind turbine tupe is Enercon E-48, with unit power of 800 kW. Considered mezzo model was choosen by former simulation on the bigger model, from which, using the nesting technique, named mezzo model is obtained.

For the turbine siting the method of wake loss minimization and maximal annual energy production was used. Also, the recommendations about distance between wind turbines for the siting were as follows: in the wind direction minimally 7D (D – rotor diameter) and in the normal direction 4D.

Wind turbine arrangement was the same for the simulations in both software packages.
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Fig. 1 Digital macro model of the terrain and the chosen mezzo model with wind rose
On the basis of the data about the terrain slopes and roughnesses, obtained from the digital map, and the data about the wind speed and direction represented with the long term wind rose on the site of the main meteorological station Niš, the simulations were performed in both software packages: WAsP and WindSim. The result are the following mean wind speed fields.
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Fig. 2 Mean wind speed fields simulated in WAsP (left) and WindSim (right)
It can be noticed that the tendencies are similar, i.e., minimums and maximums are on the same positions, but the difference in intensities is considerable, as shown on figure 2. The range of the mean wind speed is 7.59÷15.54 in WAsP, while it is 4.9606÷12.639 [m/s] in WindSim.
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Fig. 3 Comparison of vertical wind speed profiles obtained numerically, computationally and experimentally for wind from North (left) and the South (right). The profiles were fitted at 30 m on the site Gütsch, nearby Andermatt [1]
This difference is the consequence of the way the software is working. On the left side of the figure 3 it can be noticed that there are no considerable differences when uniform wind profile flows over a wind turbine in flat terrain. The differences starts when flow in a complex terrain. The reason is speed-up from the hills, because WAsP does not “recognize” slow-up effects on the downwind side of the hill. This is caused by the mathematical model, since this effect shows up in the second derivatives of the conservation equations, which are not being solved by WAsP, while WindSim solves the full set of the conservation equations.

Nevertheless, it should be kept in mind that kinematical models needs mostly few hours for their work, while CFD models needs even few days.

Considering all above mentioned, it seems that the best solution is the combination of these two methodologies: firstly, on the bigger model, we can find the areas with the best potentials using the fast kinematical model and then, using the nesting technique, separate the micro models in the order of few dozens km2. After that, on a smaller model for less time and higher accuracy, we can obtain more reliable results using CFD software package.
5. CONCLUSION

In the similar way the other fields can be compared, of which the annual energy production field (table 1) is the most important. The big difference in numerical values can be noticed, of about 29%, which is in agreement with the data that can be found in the available literature. 

This confirms that this specific methodology can completely be applied in our country, which makes place for making the Wind Atlas of Serbia, and, after that, for utilization of the potentials which our country has.
Table 1 Estimated annual energy production range obtained by using WasP and WindSim

	WAsP
	AEP free = 129.546
[GWh/year]

AEP park = 128.517

[GWh/year]
	WindSim
	AEP = 94.4437
[GWh/year]

frequency table

AEP = 89.0043
[GWh/god]

Weibull distribution

	
	
	
	

	
	Wake loss = 0.79 [%]
	
	Discrepancy = 5.76 [%]
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