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(diagram courtesy Prof. H. Lysen, Eindhoven University)

When winds pass through the blades they get a small angular velocity due to the rotation of the blades.  There would also be a drop in pressure across the rotor, which can be related to the power extracted.  One of the effects of this dropped pressure is the shedding a conical shaped wake (Fig. 5.2).  
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(diagram courtesy Prof. H. Lysen, Eindhoven University)

When the winds pass through the blades, they get a small swirl and loose some kinetic energy resulting in torque on the blades and power extraction.  For example a rotor of 40 m diameter on a 50 m high mast would shed a low velocity envelope of about 45 m diameter at a distance of 200 meters.  As the air leaves the rotor plane, it starts mixing with the flow in the main stream and reaches nearly the original energy levels in a distance of about 10 times the rotor diameter. This is purely a local effect and much like the wake of a boat in still water.  This effect is not the same as flow partially blocked by a solid wall.  Down stream of wind turbine there will also be slightly more turbulent flow, which again gets attenuated over a few hundred meters (Fig. 5.3 and 5.4).  
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When a large number of wind turbines are installed in a given area, the wake interactions would be to have a number of overlapping wakes.  The resultant wake in the immediate vicinity will have slightly higher turbulence intensity than the ambient turbulence.  But the increase will not be linear.  As a matter of fact, turbulence intensity, which is a measure of the atmospheric turbulence measured at both Thosegarh and Vankuswade has shown that there is hardly any perceptible change in high wind season (Wind speeds > 8-9 m/s) during the monsoons (Fig.5.5 and 5.6). 
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The scales of the problem

The Sahyadri range extends from Mumbai to Sangli with highest elevations occurring around Mahableshwar.  The hills start raising sharply beyond Chiplun to 600 m and eventually up to 1100/1200 m amsl.  The Chalkewadi – Vankuswade stretch is about 15 km north to south and,  Tosegarh lies to the east of this range of hills and has comparable elevations (Fig. 5.7). 

The diagram below depicts area map.

Wind patterns in the region

Surface winds


During the summer monsoon season, the northern parts of South Asia, north of the monsoon trough, have weak easterlies at the surface.  Southerlies occur over West Bengal and Bangladesh, while the rest of the subcontinent is dominated by southwesterlies and westerlies at the surface.  The southwesterlies are relatively stronger over southwest Arabian Sea.  Nearer the west coast of Peninsular India, the winds are west-southwesterlies to westerlies, with speeds of  5 to 10 m/sec, while the mean speeds do not rise above 5 m/sec inland.  This pattern persists throughout the active phase of the summer monsoon and towards the end of September, as the monsoon withdraws from the subcontinent, there is a large-scale weakening of the wind field consequent to the weakening of the pressure gradient.

Upper winds


The subtropical high pressure belt, which passes over northern India throughout the year, greatly influences the upper-wind distribution.  During the pre-monsoon months, the subtropical ridge appears over land around 18°N at    850 hPa level and extends up to 700 hPa.  Aloft, the subtropical ridge gradually shifts southwards to 8°N at 200 hPa level.  At this level, the anticyclone from the east extends up to Sri Lanka.  Westerlies strengthen with height over northern India, reaching the maximum speeds of around 20 m/sec near 25°N at 300 hPa and      25-30 m/sec near 25-30°N at 200 hPa.  The subtropical westerly jet stream in the upper troposphere is found to be little north of Delhi with its core at 200 hPa level.  Above these levels, the speeds decrease slowly.  Some upper-level easterlies are found over southern Peninsular India and adjoining Sri Lanka, but they are generally weak during the pre-monsoon months and gradually start building up towards the beginning of the monsoon season.


As the monsoon gets established over the whole subcontinent towards late June and early July, the lower tropospheric winds (up to 700 hPa) are characteristic of the monsoon trough, dominated by westerlies to the south of the monsoon trough and easterlies to its north.  Westerly winds over the Peninsula increase with height in the lower layers, reaching a maximum (10-12 m/sec) around 900 hPa in the west and 800 hPa in the east.  As already mentioned earlier, the monsoon trough tilts southward with height and gradually loses significance around 500 hPa.  Above 700 hPa, the subtropical high from the west overrides the warm surface low over Pakistan and neighbourhood.  At 500 hPa, this ridge becomes better-organized and is flanked by easterlies over northern India and a trough over south Peninsular India and the adjoining seas.  However, winds at this level are generally weak. At 300 hPa and above, almost the whole subcontinent is dominated by easterlies.  The subtropical westerly jet stream over north India weakens and its core is shifted north of the Himalayas.  Between 200 and 100 hPa levels, another ridge develops (Tibetan High) over northeast India and the easterlies strengthen reaching a maximum (30-40 m/sec) over south Peninsular India at 100 hPa, which concentrate into a core of high winds known as the tropical easterly jet stream.  These are the typical upper-wind patterns, which persist throughout the monsoon season with remarkable stability. Even in a gross annual scale the winds show         a high degree of persistence in the vertical as well as year to year basis           (Fig.5.8 and 5.9).

Summer monsoon characteristics

The Indian summer monsoon is a planetary-scale circulation system, with large-scale influence and spatial coherence in its variability (Fig.5.10).  Small perturbations in the boundary layer near the surface cannot influence its rain-producing processes even on a local scale.  The rainfall in any region during the monsoon is primarily determined by the precipitable water content in the vertical column of atmosphere extending up to more than 5 km, favourable conditions for convection to occur which depends on the nature of  synoptic disturbances like monsoon depressions, low-pressure systems, mid-troposheric cyclones, offshore trough, etc. These features can in no case be influenced by man-made structures on the land.  The Indian west coast line is more than 3000 km long. Monsoon flow striking the west coast will have comparable dimensions horizontally and about         5 to 6 km in vertical thickness.




































































































































































































Figure 5.1








Figure 5.2








Figure 5.3. Wake behind a wind turbine rotor











Figure 5.4. Wakes behind a number of wind turbine rotors











Figure 5.5 








Figure 5.6








Figure 5.7
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Figure 5.8. Vertical profiles of zonal wind around Satara district, based on NCEP/NCAR Reanalysis at the grid point 17.5°N; 75°E.  The profiles are representative over an area of 250x250 km.  Mean profiles as well as those for some typical years of present interest are also provided.
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Figure 5.9.  Vertical cross-section of mean zonal wind averaged over the longitudes       70°-80°E, along the west coast. The ordinate is latitude in °N, and positive values indicate westerly wind.  It can be seen that the monsoon westerly flow extends up to 500 hPa (about 5 km) all along the west coast, indicating the depth of the monsoon flow.
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