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THE PROSPECTS OF WIND POWER ENGINEERING IN INDUSTRIAL REGIONS OF
UKRAINE

The necessity to turn to resource-saving technologies and the use of alternative sources of power, wind power in
particular, demands optimal and rational solutions of the wind power problems. In Donetsk basin it is very promising to locate
autonomous wind power electrical stations on waste heaps of mining enterprises. The researches carried on in this sphere
confirm that this innovation will solve a lot of problems of an industrial region. It will help to utilize the spaces of flat waste
heaps rationally, to make the power source more convenient for a consumer, to decrease the metal capacity of wind power
constructions, to disengage arable lands occupied by wind power stations at present.
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At the result of irrational human activities the mankind has come up to exhaustion of traditional
power resources. Moreover, due to fuel utilization, a lot of toxic pollutants waste to the atmosphere which
has a negative impact on biosphere state. All these activities cause catastrophic effects that are
irreversible. That is why it is necessary to implement alternative power sources. Among them the most
perspective is wind power. Its total potential is estimated in 20-25 % of the world electricity production.
The growth rate of wind power utilization was more than 25 % in 1990-1997. Meanwhile in other power
industry branches such as gas, coal, oil industries this exponent was 2-3 %. Beginning from 1995 the total
power wind output increased in 487 % or, in other words, in five times. At the same period, coal
consumption (the major alternative for power production) decreased in 9%.By the end of 2003 the total
power of all world wind power electrical stations reached 35000 Megawatt. More than 30000 wind
turbines of different capacities are operating in the world. Despite this impressive growth, the wind power
utilization has just begun. The European Wind Power Engineering Association has already reconsidered
the growth plans of wind power engineering in Europe from the current figures of 40000 Megawatt to
60000 Megawatt by 2010.

Wind power engineering has spread in many countries. The leaders in the wind power
consumption are Germany, the USA, Denmark, the Netherlands, and Italy. They are going to reach the
total capacity of their wind power electrical stations to 16000 Megawatt by 2010.

The two thirds of wind power stations mounted in 2001 are now situated in three countries:
Germany fixed 1890 Megawatt; the USA — 1700 Megawatt; Spain — 1065 Megawatt.

Germany, the global leader in wind power consumption, has 8 Megawatt of wind electrical
generators having been fixed which provides almost the third of their total electrical output. They are
planning to close their electric power stations which provide about 30 % of electric power by 2030 and
construct and exploit new wind power electrical stations.

The wind power of three states of the USA(Northern Dakota, Kansas, Texas) is enough to satisfy
the demand in the electrical power of the whole American population. The new wind power stations have
begun operating in the states of Colorado, lowa, Kansas, Minnesota, New- York, Oregon, Pennsylvania,
Texas, Washington and Wyoming. The 300 Megawatt project “Stateline Wind Project” which is being
constructed at present on the border area between the states of Oregon and Washington was designed.

Denmark has approximately 2500 Megawatt of wind power and about 6000 of operating wind
turbines and it gets 18 % of electrical power from the wind. The operating wind power electrical stations
give 15.7 billion kilowatt of electricity per hour in a year that satisfies almost 12 % of the whole national
demand. By 2020 Denmark is going to increase the share of wind power in the national power balance to
50 %, Germany — to 30 %, The USA — to 24 %, China — to 15 %. Besides, Denmark made a decision to
construct wind power electrical stations instead of power electrical stations in the 60s.

France declared about the intentions to increase wind power capacity to 5000 Megawatt during
this decade in December 2000.

On the whole in Europe 75 % of wind power electrical stations are made and 70 % of them are
mounted.

To compensate the wind changeability in the USA, France and England huge “wind farms” which
demand much space for their high-productive work are constructed. In Denmark such “wind farm” was
settled in coast shallow water place where it does not disturb anybody’s activities and the wind there is
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steadier than anywhere in the dry land. Nowadays such wind farms produce altogether about 70000
Megawatt of electrical power which is compared to the capacity of 70 thermal electric power stations.

Wind power engineering is also developing in Ukraine. The perspective areas of wind power
electrical stations location are mountainous regions of the Carpathians and Crimea, the seaside regions
with high wind intensity, the valley of the Dnepr, the surface of the Azov and the Black seas. In Crimea
80 wind power stations were constructed in 2003. Thus the number of such stations in Ukraine is 355
with the total capacity of 38.95 Megawatt.

In 2006 in Kherson the construction of Askania wind power electrical station was going to be
completed. Near Borislav seven wind power electrical stations are operating with the capacity of 107
kilowatt each. The largest of the stations being constructed are Novoazov wind power electrical station
with the capacity of 16 Megawatt in Crimea. So, by 2010 it is supposed to bring the total capacity of the
Crimean wind power stations to 480 Megawatt that allows economizing 290000 of ideal fuel per year on
organic fuel.

However there are factors that hamper wind power engineering development in the industrial
regions in Ukraine. These factors are: the lack of vast open areas for wind power stations, insignificant
number of coastline areas, and the hardships caused by the wind power stations location near town
housings and big losses of wind power in the land area when wind power stations are located in built-up
areas. The necessity to turn to resource-saving technologies and use of, alternative sources of power, wind
power in particular, demands optimal and rational solutions of the given problems. In Donetsk basin it is
very perspective to locate autonomous wind power electrical stations on waste heaps of mining
enterprises. The researches carried on in this sphere confirm that this innovation will solve a lot of
problems of an industrial region. It will help to utilize the spaces of flat waste heaps rationally, to make
the power source more convenient for a consumer, to decrease the metal capacity of wind power
constructions, to disengage arable lands occupied by wind power stations at present. It will also assist to
utilize predominant wind flows above the built-up area level and to solve the problem of infrasound
oscillations (dispersion, damping in the mellow surroundings)

The researches carried on by the authors are directed to study redistribution and concentration of
a wind flow on the relieves of flat and cone waste heaps for rational location of wind power stations.
Measuring a wind flow speed on waste heaps were taken to investigate the mechanism of re-distribution
of wind power while a wind flow meets a waste heap.

As a result of our investigations we determined that the angle of a waste heap side’s slope is in
the rages between 34 to 38 degrees. The height of a waste heap is in the ranges between 30 to 100 meters.
The shape of a waste heap does not have a significant impact on the dependence of a wind flow relative
speed on a relative height of a waste heap. The given researches are directed towards revealing the
existing dependences and optimizing re-distribution of wind flow power and rational location of wind
power turbines on waste heaps.

In Fig.1 the isolines of a wind flow speed distribution on waste heap surface on the model waste
heap. The maximum wind loading area considered as the maximum effective location of wind power
stations is shaded.

Fig.1 — Wind flow speed distribution on waste heap surface (on the waste heap with the height of 50 m)
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As the result of our researches of a wind flow dependence on a waste heap height we determined
that there are three typical zones in which wind power are distributed according to different regularities.
The first zone (from 0 to 30 % of a waste heap height) is the zone of a gradual flow speed increase. In the
second zone ( from 30 to 75 % of a waste heap height) there is a significant growth of speed increase of a
wind flow, here we can see the maximum speed and this zone is considered as a potential placing for
wind power stations. With the help of partial re-forming of a waste heap relief it is also possible to reach
the maximum concentration and accumulation of power at the given site to increase electric power
production. In the third zone (from 75 to 100 % of a waste heap height) there is speed decrease as a result
of wind flowing round the top of a waste heap. The partial re-forming of a relief and wind power control
will help to decrease the third zone and achieve more rational wind flow power utilization.
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Fig. 2 - The chart of wind flow distribution on waste heap surface
1- the wind flow bending round the waste heap; 2- maximum wind loading area (hitched);
3-the contour of waste heap

For maximum wind flow utilization of Area 2 shown in Fig.2 it is offered to construct artificial
rock relieves which fulfill the functions of concentrated flow on a waste heap and wind power station
location in maximum wind speed area.

In Fig. 3 a variant of autonomous wind power stations on a waste heap in artificial aerodynamic
channels directed towards predominant winds is presented.

Fig.3 - Wind power station location in the artificial relief aerodynamic channel.
1-wind power electrical station; 2-aerodynamic channel of a definite form; 3-wind flows; h- the
height of a waste heap; H-the height of a wind power electrical station.

A wind flow comes to a wind flow concentrator zone increasing its speed. After the air current
has come out, the speed decreases in the opposite wind flow concentrator which operates as decelerator of
a wind flow. Thus, the wind speed is constant in relation to the initial one when the wind leaves the
operating zone. The location of concentrators in different directions allows utilizing wind flows in the
most effective way irrespective of their direction. A wind power station location on the waste heap
surface will allow solving problems connected with whirlwinds in the boundary air layer. The technical
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result of the innovation is steady and effective speed increase of a wind flow near the wind turbine and it
also will escape predominant wind directions.

Wind power engineering is attractive not only because it is environment-friendly and it saves
traditional power resources. Wind power stations can be mounted rather quickly in the places where other
power resources are not available or there are not enough of them.

The analysis of wind power engineering world trends allows making a conclusion that this
environment-friendly and resuming power is going to satisfy power demand of the mankind in the near
future. And increasing the number of wind power electrical stations will permit to decrease the cost of
alternative electrical power and improve power production in case of maximum loading.

On the basis of experimental researches having been described in the article, we made a
conclusion as for rationality of wind power stations location on waste heaps of mining enterprises.
Moreover, making artificial rock relieves operating as confusers, diffusers and re-distributors of a wind
flow. Their utilization will allow achieving more effective wind power exploitation and preserving the
environment more effectively. It will also assist to realizing the following tasks:

1. To utilize flat waste heap areas rationally.

2. To make wind power more accessible to a consumer.

3. To reduce the metal capacity of wind power constructions as there is no need to construct 50cm
mast for wind generators.

4, To disengage arable lands which are occupied by wind power stations at present.

5. To utilize effectively predominant wind flows above the level of built-up area.

6. To solve the problem of infrasound oscillations availability (dispersion, damping in the mellow
surroundings).
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NEPCIIEKTHABBI PA3SBUTHSA BETPOBOI SHEPTUH B UHIYCTPHUAJIBHBIX OBJIACTSIX YKPAUHBI

Heobxo0umocme nepexoda na pecypcocbepezaioujie mexHON02UU U UCNONIb308AHUE ATbMEPHAMUBHBIX UCHOUHUKOS
SHepauy, 6 HACMHOCMU JHepauu 6empd, 6 HACMOoAujee 6peMs O4eHb aKmyanbha U mpedyem HOUCKA ONMUMANbHBIX U
payuonanbubix peuwienuu. B Jlonbacce eecbma nepcnekmugHbiM npeocmagnaemcs pasmeujerue agmonomusix BOY na nopoonwvix
omeanax 2opHooodvisalowux npeonpusmuil. Hcciedosanus, Komopvie npo8oosamcs 8 3moi obnacmu 0arm 03MONCHOCb
ymeepoicoamns, Ymo OaHHLII wide NOMOdICen 8 KOMNIeKce peulims Hemano npodiem NpoMbLUIeHHO20 PaioHa: payuoHaIbHO
UCNONL306aMb  NAOWAOU NAOCKUX NOPOOHBIX OMEAN08, NPUOIUZUMb UCMOYHUK DHEpeuu K HOompeOumento, CHU3UMb
MEMannoéMKocns — BeMmpoOIHePLeMUYecKux  KOHCMPYKYull, — 8blc60O00UMb — NAXOMHble — 3eMAU,  3aHUMAeMble  HblHe
8eMmpoIHepeeMuYecKUMU CIMAHYUAMU, ONMUMATLHO UCHOTb308ANMb NPeobaadaloujie 8emposble NOMOKU HAO YPOBHEM 20POOCKOU
3acmpouiku, pewums npooaemy HAIUYUs UHPPA38YKOGbIX KOIEOAHUI.

AbmepHAmUGHble UCMOYHUKU IHEPIUL, 6EMPO6AA IHEPIUS, 6EMPOINIEKMPOCMAHUUY, UCKYYCHIGeHHble penbedhbl,
60300H061A€MAA IHEPUA

. A. Maxkeesa, C. A. Epmaxosa, B. K. Kocmenko

MNEPCIIEKTUBU PO3BUTKY BITPOBOI EHEPI'Ii B IHAYCTPIAJIBHUX OBJACTSIX YKPATHI

Heobxionicms nepexody ma mexuonoeii, wo 36epieaioms pecypcu ma 6UKOPUCHAHHS ATbMEPHAMUSHUX Odiceper
eHepeii, 30Kkpema 8impogoi enepeii, € Oydce aKmyanbHoOw | nompedye NOUlyKié ONMUMATbHUX MA PAYIOHATbHUX pilieHb. B
Hounbaci Oysice nepcnekmuHuM € pO3IMIWJeHHS ABMOHOMHUX BIMPOCHEPZEMUYHUX YCMAHOBOK HA NOPOOHUX 8i08anax
2IPHUYOBUO0OYEHUX nionpuemcms. J[0ciodncen s, wo npo8oosmsbCs 6 yill 061acmi, HA0aMb MOACTUBICIIL CMEEPONCYBAMU, WO
yetl KpOK 00NOMOdCe 8 KOMIAEKCT BUPTUMU YUMATIO NPOOIeM NPOMUCIOB020 PALIOHY. PAYIOHATLHO 8UKOPUCTOBY8AMU NIOWUHU
NIOCKUX NOPOOHUX 6i06aNi6, HAOIUUMU OHCepeNo eHepeii 00 CHoXCusaud, 3HUUMU MeMAaloEMHICL BiMpOeHepemuyHUX
KOHCMPYKYItl, 36IIbHUMU 3eMIi CLTbCbKO2OCNO0APCHKO20 NPUSHAYEHHS, WO 3AUHAMI HUHI 8iMpOeHepeemuyHUMY CIMAHYIAMU,
ONMUMATLHO BUKOPUCMOBYB8ATU 8IMPOBI NOTMOKU NEPEGANCHUX HANPAMKIS, 8UpiuUmMuy npoobaemy iH@ppazeyKosux KoaueaHbw.

anvmepHamugHi Oixcepena emepeii, gimposa enepeis, simpoenekmpocmanyii, wumyuni pen’cgu, 6i0H061106a1bHA
enepein
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