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6.2. Wind energy 

Tassiou* (Public Power Corporation, Athens) presented some statistics about the oil 
savings and the capital costs involved in a programme of introducing wind-energy 
systems to provide 20 yo of the electrical energy of the islands of Greece; a programme 
that is just about economical a t  the moment. I n  planning such a programme, it is 
necessary to estimate the hourly wind statistics (cf. Lalas’) a t  many different 
locations near coastlines and mountains. 

I n  addition to these statistics a t  one height (say 10 m) it  is important to estimate 
the mean velocity gradient and gusts because of their effects on the fluctuating loads 
on a rotor, and on the available wind energy. There have been a few incidents of 
mechanical failure caused by these effects. Consequently one needs to be able to predict 
both the general features of the flow over 1&20 km, and the vertical distribution over 
50 m. There was some discussion about the wide range of approaches to this problem 
ranging from reliance on more or less complex observation and measurement, perhaps 
using remote sensing, to mathematical models which were more or less interpolative. 
It was emphasized that the important features of the air flow required for wind-energy 
studies are different from those of importance in other studies, for example the low- 
frequency components of importance are those parallel to the mean wind, whereas 
in air pollution studies it is the perpendicular components. It is also striking how few 
systematic laboratory experiments have been performed on the flow over groups of 
hills, as opposed to ad hoc experiments in particular topography. 

6,3. Air $ow over complex terrain 

Walmsley * introduced this discussion and followed Orlanski (1 975) in considering 
scales first of 200 m to 2 km (micro a-scale) then 2-20 km (meso y-scale) and finally 
20 km to 200 km (meso p-scale). He concentrated on air flow over hills and mountains. 
Much recent work has been concentrated on the micro a-scale with analytical 
methods, finite-difference and finite-element computations and many field and 
laboratory studies. Some research is aimed a t  providing computational or modelling 
techniques, but other research is leading to useful ‘rules of thumb’ for wide 
application. There does not seem much evidence that very complex models are much 
better than quite simple models. The understanding of flows in the separated region 
is still very limited. 

In the meso y-range, one is usually interested in the flow over groups of hills. Some 
simplification is necessary to analyse or compute the flow in this range: computers 
are not large enough and the models of turbulence are not good enough simply to 
extend the micro a-scale computations. Appropriate simplifications may become 
possible when field experiments extend to this range. (The advances in remote sensing 
should enable a new generation of such field experiments to be performed more easily 
than has been possible in the a-range field experiments. But it is important that 
something of the same care be accorded to y-range field experiments that  has been 
a hallmark of the recent a-range field experiments in North America and Europe.) 

For the meso P-range (Lalas had reviewed the models in his paper) i t  was reiterated 
that the computations based on equations of motion ought to be tested wherever 
possible with exact solutions, and the comparisons published. There needs to be 
careful thought about how best to integrate interpolation and constraints based 
either on ‘simple physics’ or on local solutions of equations. (The same problems are 
being actively explored by oceanographers ; Wunsch & Minster 1982 .) 

One of the important features of flow over hills brought out in recent field 
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experiments is that in stable conditions, say in each 20 min period, the upwind 
velocity and temperature gradient may be quite different to that in the succeeding 
periods, and the nature of the flow over the hill may be quite different, e.g. passing 
over i t  or around it. Consequently the flow over the hill averaged over one hour 
could not be the result of the upwind conditions averaged over one hour. Such 
an assumption is commonly made when comparing the computations and field 
measurements, especially over y-  and P-ranges. (The modelling of turbulence is 
irrelevant to this problem). 

Hogstrorn* introduced a general discussion on sea breezes, and pointed out some 
important, but common, complex features of these flows which are poorly understood ; 
their interaction with existing winds caused by synoptic forcing : their tendency to 
form low-level jets and inertial waves caused by variations in sea-surface temperature 
off the coast (e.g. California) or by frictional decoupling ; the structure of the internal 
boundary layer a t  the coast, especially where the coastline is highly indented. In  the 
latter situation the air over the sea between land tends to sink and any island in the 
sea may experience fumigation from elevated sources of pollution on the land. An 
important implication of low-level jets is that their energy may be advantageous to 
wind mills but their large velocity gradients dU/dz may lead to damaging loads on 
the blades. 

7. Conclusions 
There were seven main points arising from the meeting. 
1 .  The different approaches to analysing and computing flows in complex terrain 

can complement each other and ought to be tested against each other as well as 
against field data. For example, any improved understanding of the relation between 
flow over a hill and its upwind conditions can be used to improve interpolation 
schemes for computing air flow, or conversely the upwind conditions for flow over 
a particular hill might well be determined by a large-scale finite-difference model for 
a whole region. 

2. There is a need for laboratory modelling, field measurements and computation 
for flow over rough terrain over the scale 2-20 km. 

3. The current evidence is that it is not necessarily beneficial to  use ever more 
complex models as the terrain becomes more complex. Simplifications are necessary. 
4. New techniques for remote sensing from satellite photography, acoustic sounders, 

and radar are beginning to provide valuable insights and quantitative information 
about the flow of air, water vapour, and pollutants in complex terrain, particularly 
in understanding the relation between local and synoptic scale air flows. These are 
important for predicting episodes of high pollution concentrations or high local winds. 

5 .  The dispersion of air pollutants from their sources over a regional scale and the 
formation of secondary pollutants is sensitive to  the vertical mixing processes and 
the trajectories of air flow at different levels. These mechanisms are not well 
understood over flat or rough terrain. 

6. Whenever low-frequency or large-scale turbulent eddies need to be predicted, 
it is important to remember that they are not in general determined by local 
conditions, because they have a much larger relaxation time than the small-scale 
turbulence or even than the mean flow. 

7 .  As one should have expected, our visit to the oracle a t  Delphi did not provide 
unambiguous answers to our questions. 
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We are grateful to Dr Walmsley for showing us a copy of his own report on the 
Colloquium. 
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