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Design and Performance of 1.5-Meters Radius Wind Turbine under High
Wind Speeds Condition

Abstract. Global warming is a serious challenge to civilizational development due to the
increase in temperature because of exhaust gases. These gases, produced by burning fossil
fuels, should reduce or replace the way energy is generated using renewable energy sources.
Our study shows the ability of 1.5-meter reduce wind turbine to create a mechanical power to
drive some mechanical devices under high wind speed conditions. This type of devices needs
approximately 1460 watt (2 horses); the turbine designed with angle blade Beta 2 degrees and
Lambda 10 to reach maximum benefit from the wind.

The turbine is exposed to variable wind, as a result, the turbine generates the required power
when the wind speed is from 9.3 to 9.7 m/s, when the generated power is less than the required
one, the device can work with less efficiency, and more power is better within the limits that do
not damage device.
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Introduction

Excluded is the history of studying gas exhaust vehicle components on human health and
environmental coverage from 1930 to 2014. According to literature data, the most dangerous
components of exhaust gases are gases (5O,, NO ), polyromantic hydrocarbons (pyrene, phenan,
acenaptylene and fluoranthene), particulate matter PM1 and PM25 (soot, ash, metal oxides and
salt).

It has been shown that the conversion of car stone (Catalytic converter) to new types of
fuel (biodiesel, hybrid electrical installations, bioethanol) does not reduce the harmful effects of
exhaust gases on the city’s ecology and human health. The mechanism of the negative effect of
engine exhaust, according to the literature, is the induction of a local inflammatory reaction in
the airways, and then a systemic inflammatory reaction [1].

To date, the global fleet of vehicles exceeds 600 million units, of which 83-85% are cars, 15-
17% are trucks and buses. If you put them bumper to bumper, you get a 4 million km long ribbon
that could encircle the earth around the equator 100 times. The share of vehicles in air pollution
in cities reaches 70-90%, which creates fairly stable and extended zones, within which sanitary
and hygienic standards for air pollution are exceeded several times [2].

Climate change is changing our economies, health and communities in many ways. Scientists
warn that if we fail to substantially stop climate change at this stage, the consequences could be
catastrophic. One of the most negative effects is hurricanes, tornadoes and other storms caused
by climate change and water evaporation may become more frequent [3].

The constant emission of nitrogen oxides in recent years is mainly associated with the
development of vehicles. In addition, the trend towards fuller use of fuel also results in higher
NO emissions, as higher engine efficiency is associated with higher temperatures. The number
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of emissions also grows with an increase in the speed of traffic, and it is nonlinear: the amount
of NO grows faster. Thus, the concentration of NO on highways also increases with increasing
vehicle speed. Anthropogenic pollution of the atmosphere with nitrogen oxides becomes critical
in densely populated cities, where precipitation is more frequent. The highest concentration of
emissions in cities reaches 800-1200 pg/m3.

Emissions of the seven most common harmful emissions estimated: oxide, hydrocarbons,
nitrogen dioxide, soot, sulfur dioxide, lead compounds and heavy emissions. On average, the
total mass of polluting emissions from mobile sources is about 12 million tons per year, including
from road transport - 95%, air transport - 2.5%, sea and river transport - 2.8% [3].

Actually, there is not enough research about the alternative ways to use renewable energy
under high wind speed conditions. There are some attempts to create mechanical powers enough
for small devices in different ways as following;:

Related to vehicles, the compressor is one of the important devices that need to find clean
resource to drive it. One way mentioned by studies is that reduce the heat load inside the vehicle
to reduce time needs to operate the compressor. Thus, reduce the fuel consumption [4].
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Figurel. Thermal imbalance [4].

A number of tests carried out to study the fuel consumption of various types of vehicles and
weather conditions. Two series of tests have done, the results showed that the air conditioner
could consume fuel from 1.0 to 2.451/ 100 km (from 21 to 53%) [5,6]. Researchers have found
many ways to reduce excessive fuel consumption through air conditioning. One made using a
variable displacement compressor (VCC) that used some scientists [6]. Not all of these studies
have used renewable energy to drive small devices.
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Figure 2. Variable displacement compressor (VCC) [6]

There are lots of attempt that used turbine as alternative energy. One of them is using
turbine on the car as shown in figure below

Figure 3. Model of wind turbine to generate energy [7]

The turbine can be a promising tool to utilize wind energy to generate electricity from self-
renewing resources to power the car [7].

Also, A Chinese farmer has invented a wind-powered electric car that he says could save his
country from the pollution caused by its rapidly growing car market [8].
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Figure 4. Chinese farmer wind turbine [8]

This study illustrates ability of use 1.5-meter radius ordinary wind turbine to generate
optimal mechanical power for some small devices about 1460 watt (2-horsepower) to reduce fuel
consumption and its exhausted gases and to determine alternative method to drive the devices
by using renewable energy under high wind speed.

Mathematical method equations
The mechanical power obtain from the turbine can be count by following many different
equations, some that depend on the number of blades and others without takes it in account but
depending on the prevent experiments. For this type of turbines that deals with slow wind speed
does not exceed 20 m/s we can take the number of blade only 3 blades to avoid the damage or
burn the turbine. The general equation can expresse as follows:

_1 3

P = SEP* SV )

where p is the air density 1.204 kg/m3;

S — washed area2;

V — wind speed m/s.

In any case, this is an equation for optimal conditions, where in 1916 the German scientist
Albert Betz found that the power available from wind power is (59.3%) the kinetic energy of the
wind, so

Pavail=Pv+Cp (2)
From the equation above important factor in turbines, that called the turbine power
coefficient c
_ Papail
C,=——
Fy ©)

Therefore, the final power equation is as follows:

P:CP*i*p*S*Va

@)
Turbine Modeling Assumptions
There is an assumption to start modeling the turbine in ideal conditions:
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1. Consider the blades to be the same and homogeneous, having the same moment of inertia
and the same parameters;

2. The coefficient of friction for air is zero;

3. The wind speed is uneven when it enters the zone of the turbine blades.

Results and discussion
Fossil fuel emissions have a detrimental effect on the climate, and people have prompted
many scientists to think about finding alternative energy. The energy that promises a good and
sustainable future without harmful emissions is wind energy. Therefore, in this experiment, an
attempt was made to find the power to drive large devices that consume little power without
consuming 2-horsepower. By applying the equation related to wind flow in Matlab as shown
below.
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Figure 5. Representing and finding the power coefficient and turbine power by Matlab

As shown in the Figure 5 the wind range applied on the turbine which is between 9.3 to
9.7 m/s gives the required amount of mechanical power to drive the specific device as shown in
the figures below:
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Figure 6. Wind Speed variety through the time
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Figure 7. Mechanical power at wind speed around 9.3 to 9.7

In addition, it can be seen from the figures that in order to achieve high power, the wind
speed should be about 9.55 m/s that achieves the require energy for small devices like air
conditioner compressor that is about 1460 watt (2-horsepower).
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Figure 9. Turbine power at fixed wind speed 9.55 m/s

The device could work with low efficiency at low wind speed. Although high wind speeds
give good operating conditions, they do not exceed the damage limit.
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Conclusion

The renewable energy is the best way to reduce the negative effect of the exhausted gases
produced from the fossil fuel. One of the renewable energy sorts is the wind energy. Based
on experience, wind turbines give zero emissions, but we can only get 59% of wind energy
depending on the Betz limit. For a turbine with a radius of 1.5 meters, the mechanical power
required for specific devices can be obtained with a wind speed of about 9.55 m/s , where gives
about 1460 watt (2 horsepower) for optimal condition. However, at low wind speed, the device
could work with less efficiency and for high wind speed could work better if it does not exceed
the speed that damages the device.
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ZKorapsl ’kea JKbla4aMABIFBI )KaFdalibIHAA paanycel 1,5 MeTpik JKea TypOMHach
AVI3ayIHbI MeH TUiMAiairi

Angarna. JKahangplKk >KBIABIHY — TaiigadaHblAFaH Tra3dgapAblH  acepiHeH TeMIlepaTypaHbIH
JKOFapblaayblHa OalfAaHBICTHI ©PKeHMeTTiH A4aMyBl YIIiH Kyp4eai coiHak. Kazba oThIHAapBIH JKaFy apKbLADI
eHJipizerin Oy rasjap >KaHapTbhlAaThIH DHEPIUs Ke3lepiH HalijadaHy apKbLAbI DHEPIUs OHAIPY d4iciH
a3aliTybl HeMece aybICTHIPYhl Kepek. bisain seprTreyimis >KeaaiH >KOFaphl >KbLAAAMABIFBI JKaFAalibIHAA
Kelbip MexaHMKaAbIK Ky PBLAFbLAaP AL XKYPrisy yirin 1,5 MeTpaik >kea TypOMHaChIHBIH MeXaHUKaAbIK KyaT
oeHAipy kabiserin xepceteai. Kypoiarpineiy 6ya Typi mamamen 1460 sarr (2 aT kymri) kaxet; Typbuna
>KeAAiH ITalijacheiH OapbIHIlla apTTeIPY yiiH Beta 2 rpagyc skone Lambda 10 xkaaak Oy pBIIIIBIMEH >KacaAFaH.
TypOuna aybicriaanbl XKea4iH acepiHe yIIbIpaliabl, COHBIH HOTUKeCiHAe TypOMHA KeAAiH KblAAaMAbIFbI
9,3-Ten 9,7 M/c-Ka aeliiH KaKeTTi KyaTThl OHAipei, KaskeTTi KyaTTaH a3 00.4ca, KyPBIAFHI a3 TUIMAiiKIIeH
SKYMBIC icTell adaabl, ad AeKTpP KyaThl Kol 001aAbl KYPBLAFBIHEI 3aKbIMAaMalTBIH IIIeKTe JKaKChIPaK.
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Tyiin ce3aep: >KaHapTBHIAATBHIH 9DHEPINS, >KeATYpOMHAChl, MeXaHMKAAbIK DHeprus, IIarbIH
KYPbIAFbLAaPABIH KyaThl.

A.B. Aaxam, A.2K. Kacenos, K.K. AGumnies
Topaiizvipos Yrusepcumem, [lasrodap, Kasaxcman

IIpoexTuposanne n 9¢pPeKTUBHOCTDL BeTPSTHOV TypOMHBI paaiycom 1,5 meTpa B
YCAOBUSIX BBICOKOVI CKOPOCTHU BeTpa

Annoranus. I'100aapH0e 1TOTenAeHne IpeAcTaBAseT cOOON cepbe3HbIN BLI30B IIUBUAUZAIMIOHHOMY
PasBUTMIO M3-3a IIOBBLIIIEHMs TeMIlepaTyphl M3-3a BBIXAOIIHBIX Ia3oB. DTU rasbl, oOpasylonjuecs npu
CKUTAaHUU MCKOIIaeMOTO TOIIAMBA, AO/AXKHBI COKPATUTh UAV 3aMEHUTh CIIOCOD ITPOM3BOACTBA DHEPTUN C
UCII0Ab30BaHNEM BO30OHOBASIEMBIX ICTOUHNKOB dHepruu. Harrre nccaes0BaHne IoKa3bIBaeT CIIOCOOHOCTH
1,5-MeTpoBOII BeTPsIHON TYpOMHBI CO3JaBaTh MeXaHMYECKyIO0 MOIITHOCTbL AAs IIPUBOAA HEKOTOPBIX
MeXaHI4eCKUX YCTPOMCTB B YCAOBUSAX BBICOKOI CKOPOCTM BeTpa. JAs 9TOTO THUIIA YCTPOMCTB TpeOyeTcs
npumepHo 1460 Br (2 aomaguHbie cuabl); TypOMHa CIIpOeKTMpPOBaHa C YIAOM HaKAOHa Aomacreii Beta
2 rpagyca n Lambda 10 aad moayyeHus MaKCMMaAbHOM BBITOABI OT BeTpa. TypOmHa mogsepraercs
BO3/€ICTBIIO IIepeMeHHOI0 BeTpa, B pedyabTaTe 4yero TypOuHa BrIpaOaThiBaeT TpebyeMylo MOIIIHOCTD IIPK
ckopoctu BeTpa ot 9,3 40 9,7 M/c, ipu BeIpabaThIBa€MOIl MOIITHOCTY MeHbIIle HeOOXOAMMOII YCTPOIICTBO
MoxkeT paboraTh ¢ MeHpuM KI1/, 1 Ooabllle MOITHOCTS Aydllle B IIpejeaax, KOTOphle He IIOBPeXKAaloT
YCTPOIICTBO.

Kaiouesble caoBa: BO300HOBAseMas DHEpPreTMKa, BETPOABUIaTeAb, MeXaHUYeCKasl DHepPTusd,
MOIIHOCTb MaABIX YCTPOJICTB.
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