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ABSTRACT

To generate more quantities of electric energy from wind it is necessary to use a new type of wind turbine built in regulable mantle’s nozzle. This wind turbine type replaces the free air stream from wind by a programmed, i.e. regulated and partially concentrated stream of air. The nozzle shell is designed as aerodynamically shaped ring with wings with its lower pressure side pointed towards the center so that the lift force on each part of the wing is directed radial towards the center. This induces centrifugal reaction force in the airflow that causes the stream field to expand strongly downstream of the rotor and includes a greater number of streamlines in the active stream in front of rotor (upstream). Thus the nozzle forces a higher mass flow rate of air through the turbine. The higher mass flow and higher velocity reduction behind the rotor result in a higher energy output from the wind turbine in the nozzle. In this way the wind turbine efficiency is multiplied. New turbines induce more power from weaker and medium winds and their lasting time, because of the relation 
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(i.e.the power corresponds to wind velocity raised to third power). Wind turbine nozzle produces three times more energy than conventional wind turbine. Short economic analysis for conditions of island of Lastovo evidently indicates that profit gained by new turbines is up to 5 times higher than by conventional turbines. All that points out that new wind turbine nozzle would become very interesting and required on wide market, even in the regions of weaker winds.
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INTRODUCTION

The assessment of wind energy potential in Croatia is a result of the National Wind Energy Programme ENWIND (Hrastnik et. al., 1998). The wind energy potential has been analysed for all seven littoral provinces along the Adriatic coast (Bajić et al., 1998). In respect to land occupancy, spatial availability and environmental impact 29 potential macro locations for wind energy applications were selected and categorised into three groups (Table 1).

Table 1. Wind macro locations

Site
Location name
Average wind speed [m/s]

South Dalmatia
Dubrovnik,

Lastovo, Vis, Pelješac, Korčula 
6.5 – 7.0

Middle and South Dalmatia
Dubrovnik, Lastovo, Vis, Pelješac, Korčula, Mljet, Neretva, Mosor, Zagora 
6.0 – 6.5

North Dalmatia
Pag
5.5 – 6.0

For the North Dalmatian regions at 25 m above the ground level, the most frequent mean annual wind speed and power are 4 - 5 m/s and 250 - 350 W/m2, respectively. The maximum mean wind speed of 7 - 8 m/s and wind power from 500 up to 3,200 W/m2 are available. In Counties of Lika-Senj, Zadar and Šibenik-Knin the most frequent coastal and islands’ mean annual wind speeds are in the range of 4.5 - 6.5 m/s and wind power from 350 up to 700 W/m2. The characteristics of strong northern wind called bura strongly influence the wind resource pattern of the region. Maximum mean wind speeds on the most exposed sites reach 7 - 11 m/s, corresponding to the mean wind power of 600 – 4,700 W/m2. In middle and south part of Dalmatia wind characteristics are similar to those in Istria and Primorsko-goranska County. In Dubrovnik-Neretva County (Korčula, Lastovo, Vis, Mljet, Pelješac and Dubrovnik with hinterland) the most frequent mean annual wind speed and mean power are 6 - 7.5 m/s and 400 - 900 W/m2, respectively. The maximum wind velocities of 8 - 11 m/s and wind power from 900 up to 2,500 W/m2 are available on isolated high mountain sites. The seasonal wind speed variations are rather large, from 30% higher winter to summer wind speed ratio in the Dubrovnik-Neretva County to 50% higher wind speed ratio for other six northern counties. Evaluating the prospects of different macro locations, beside the wind speed, spatial, environmental, economic and technical criteria were also applied. The preliminary results of coastal and island wind potential shows that 200 - 400 MW wind power could be installed with total energy production of 0.5 - 1 TWh/a. The present activities of the Croatian Wind Energy Programme (ENWIND) concentrate on a few micro location wind measurements in preparing the demonstration and commercial wind energy plants.

CALCULATION OF THE ENERGY OUTPUT

The present practice of using windpower is based mostly on the propeller type (multi-blades) wind turbine installed vertically in the free air stream (Fig. 1.). 
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Fig. 1. The propeller type (multi-blades) wind turbine
The ideal maximum energy can be calculated as follows:
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where 
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[m/s] denotes undisturbed inlet windspeed and 
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 [m2] denotes swept blade area.

If the expression for the maximum power is transformed and the blade efficiency (
[image: image6.wmf])

8

.

0

6

.

0

-

=

h

introduced, the effective power from the wind turbine in the free air stream can be calculated from the values already known, thus
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Equations are valid only if the following relationships between velocities and areas, according to Betz, are obtained:
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Figure 2. shows the impact, in principle, of an aerodynamically shaped shell on the stream field. The nozzle shell which
 lies close to the blade tips, if properly designed, will induce considerable radial speed.The shell is designed as a ring wing with its lower pressure side pointed towards the center so that the lift force on every part of the wing is directed radially centripetally. This induces a centrifugally directed reaction force in the air flow which causes the stream field to expand strongly downstream of the rotor and includes a grater number of streamlines in the active stream in front of the rotor (upstream). Thus the nozzle forces a greater air mass flow to pass through the turbine.
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Fig. 2. The impact of an aerodynamically shaped shell on the stream field

The circulation that occurs induces additional velocities (
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) in the air field. The resulting velocity on the rotor plane gives the mass flow wich is defined as:
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Reducing the velocity, the energy output from the windmill in the nozzle can be estimated as follows:



[image: image13.wmf](

)

(

)

2

2

2

0

2

0

1

2

1

2

1

v

v

v

v

v

A

P

r

s

-

ú

û

ù

ê

ë

é

+

+

=

r

.
(6)

The optimum reduction in velocity based on simplified parameters is given by:
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and thus the ideal energy output from the wind turbine in the nozzle is following:



[image: image15.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

=

0

1

3

0

,

2

3

1

27

16

2

1

v

v

A

v

P

r

id

s

r

.
(8)

The ratio of the energy output from the wind turbine in the nozzle to the energy output from the wind turbine in a free stream can be written as:
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According to preceding expressions it can be concluded that the higher energy output from the wind turbine in the nozzle results from a greater mass flow and higher velocity reduction behind the rotor. An installed wind turbine nozzle can produce an energy output which is several times higher than the energy output obtained from a wind turbine in the free air stream of the same diameter.

DESIGN OF THE WIND TURBINE NOZZLE
Although the wind turbine nozzle can increase the efficiency up to 3.5 times it has not been used so far because of the high expenses involved in construction of the jaw control mechanism and the shell (Fig. 1.). A sketch of a small prototype of the new wind turbine nozzle, constructed for experimental purposes is shown in Fig. 3.
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Fig. 3. Sketch of a small prototype of the new wind turbine nozzle

For a faster and cheaper series production the complex profile should be replaced by simple straight plates built in segments with deflectors included, all based on experimental studies. The price of such an installation of  1 kW has been estimated to 2,600$ in a series production. Such design has been selected to give maximum increasing of energy output with minimum material requirements.

Double control of the wind turbine nozzle

With turbine built in the nozzle, all speed variations would increase for the value of the concentration factor, fc = 2.5. This is convenient for low wind speeds but would cause some difficultes by the wind speeds exceesing the rated one. For this reason it is necessary to instal control blades on the frame side which will automatically open at higher wind speed and let the excess air flow passing inactively through by-pass out of the turbine rotor. 

The stator control blades would open automatically one after another at certain rated speed until all of them are opened. During this time the air speed at the nozzle inlet would be held approximately constant. If the wind speed drops, the stator blades would close. Additional, i.e. rotor control would be used, as it has been so far, in the range of strong and weak winds and as a supplementary one for the mean winds. 

It can be concluded that with the wind turbine nozzle the double control, both on the stator and rotor, can be applied, with some similarities to Kaplan’s turbine. This would, in conditions of variable winds, represent a significant progress in developing large wind power plants with safe and stable operational conditions regardless of the variations in the windspeed. Figure 4. shows the range of stator control.
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Fig. 4. The range of stator control

CALCULATION OF ENERGY OUTPUT FROM THE WIND TURBINE NOZZLE 

The curves on the diagram for the island of Lastovo (Fig. 5.) show the mean annual wind speed duration in hours, at 10 m above ground. Using the turbine nozzle all wind speeds would increase 2.5 times for the same value of concentration factor. The energy output calculated on the basis of power curves for the Vestas V47 - 660kW and wind speed duration in hours for the island of Lastovo are shown in Table 2. 
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Fig. 5. The island of Lastovo - turbine power (660 kW)

Table 2. The energy output as function of wind speed for the island of Lastovo
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(atmospheric at | “conventional” turbine
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(Va=2,5V,) speed) (effective) (on that wind (effective) (on that wind

speed) speed)
Va (m/s) Ve = Vi (M/s) Pe (kW) tn (h) En=Pe.t, tc (h) Ec=Pe.t

(kwh) (kWh)

20 5 44 300 13.200 1.100 48.400

2.4 6 96 400 38.400 1.000 96.000

2,8 7 166 400 66.400 600 99.600

3.2 8 252 400 100.800 600 151.200
3,6 9 350 500 175.000 400 140.000

4,0 10 450 500 225.000 400 180.000
44 11 538 600 322.800 300 161.400

4,8 12 600 400 240.000 200 120.000
52 13 635 400 254.000 150 95.250

5,6 14 651 400 260.400 150 97.650
6.0 15 657 400 262.800 100 65.700
6.4/25 16 /25 660 3,600 2,376.000 100 66.000
SUM - 8,300 4,334.800 5.100 1,321.200





CONCLUSIONS
New wind turbines in mantle’s nozzle are annually working 3,200 hours more than conventional wind turbines. The annual energy output of wind turbine nozzle with Pe = 660 kW, which comprises 4.3 GWh, is for approximately 3 GWh greater than the annual energy output of the conventional wind turbine with the annual output of 1.3 GWh. Therefore, nozzle augmented wind turbines (NAWT) are producing 3.28 times more energy than conventional turbines.

Short economic analysis (calculation not enclosed) indicates that profit achieved by new wind turbine in nozzle is 5 times higher than that by conventional wind turbine. All that points that the new wind turbine nozzle would become very interesting and required on wide market, even in the regions of weaker winds.
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