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MODELING AND JUSTIFICATION OF THE DESIGN OF WIND TURN
BLADES UNDER HIGH WIND SPEED CONDITIONS

The one of main problems that need to addressis study discuss the use renewable
energy by justifying the design of the blades to reduce fuel consumption to reduce power
by create mechanical power using two or three blade ordinary wind turbine. Each blade
length was 0.22 meter and pitch angle of the blade was 2degrees to reach the maximum
power from the wind as shows the simulation depending on Beta limit. Solidwork used to
design the turbine and to find its moment of inertia and initial parameters. Matlab used to
simulate the system equations to find turbine power coefficient depending on ideal pitch
angle (Beta) and the tip speed ratio (Lambda), also to findrequired mechanical power to
drive different small mechanical devices with power assumed 1400 Watt. As result, the
wind turbine gives optimal power required at wind speed is near to 31.5m /s (113.4 Km/h)
and for less wind speed the device could work with less efficiency. Otherwise, high speed
produce best efficiency.

Keywords: modeling, design, blades, power, wind turbine, renewable energy, efficiency.

Introduction

The main reasons for increase the atmosphere heat are greenhouse gases, which
produced by humans in various ways. Most of them released due to burning fossil fuels
in vehicles’ engines, factories and generators. [1]

Carbon dioxide (CO2) is the largest contributor of the warming. While other gases
include methane could be come from agriculture, nitrous oxide, gases used for cooling
and industrial processes, and deforestation that would otherwise absorb CO2 [2, 3].

The almost air pollution gases come from the vehicles around the world. Where
they produce most of the carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides
(NOx), and particulates in major urban areas.

The automobile emissions of carbon dioxide are the serious global threat by raise
global warming and as a result for many studies, the vehicles emissions depend on many
factors such as fuel type, road gradient conditions, the vehicle age and maintenance
quality, loads on the engine, as well as the vehicle payload [4, 5].
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The renewable energy resources are very important due to the negative effects of
the fossil and its gases on the atmosphere and the contemporary problem of the global
warming, particularly the wind power can account it free, clean and endless.

For a number of years, renewable energy has been viewed as an economical and
environmentally friendly substitute for fossil fuels as a source of power. It has recently
been demonstrated that, in many places, power plants employing wind and solar
photovoltaic (PV) systems may generate energy more affordably than those using fossil
fuels. Globally, it is predicted that more than 26% of renewable energy might be used
to generate electricity [6]. This may result in a larger renewable energy capacity than
could be achieved by combining nuclear and fossil fuels. The shortcomings of onshore
wind turbines, such as wind speed concerns, installation site challenges, and visual
issues, have led to the development of floating offshore wind turbines, or FOWTs. The
entire worldwide onshore wind turbine capacity was 539,954 MW, while the total global
offshore wind turbine capacity was 23,706 MW, according to the 2019 International
Renewable Energy Agency (IRENA) Renewable Capacity Statistics and as published
in 2018 [7].

Unfortunately, because to the small number of deployments, there is currently little
knowledge available about storm-flexible system design. The purpose of the blades
rotating on contemporary turbines is to minimise air resistance and/or surface area
when wind speeds surpass the expected wind speed. The power that results therefore
drops and could even zero. [8]

Regardless of the ideal wind conditions that have been considered in the construction
of big turbines, small wind turbines are still designed [9].

As a result, low airspeed and tiny turbine size are employed, which results in low
energy generation and poor efficiency [10].

Consequently, a good substitute to survive environmental circumstances would
be compact turbines made to endure those conditions. They will also be affordable,
eco-friendly, and simple to install and maintain. In rural locations and away from city
centres, they might be chosen as independent power generating systems (Singh and
Gill 2020) [11].

This study shows ability of use small ordinary wind turbine to generate optimal
mechanical power Assumed 1400 watt to drive different small mechanical devices at
high wind speed.

Materials and methods
The Turbine Power
It is famous that the general value of power can be define as:

P:%*p*S*V3 (1)
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In 1919, the German scientist Albert Betz found relation between the power obtained
from wind (P,)) and the power produced in the turbine P, where he found that:

Povair = By * C‘p (2)
Pavai
Cp =3 3)

. . : 16
Therefore, he mentioned that the wind turbine cannot convert more than = (59.3%)

of the wind kinetic energy into necessary mechanical energy required to rotate the
rotor. So this ratio called Betz Limit or Betz’ Low. The power coefficient (performance
coefficient) is conceptualultimate power capacity of any wind turbine modelling is no
more than 0.59 and is define as:

Vi Vi2
. (1+5:20(1-G0%)
Comax = 0.59 = Pa;:” — V2 - V2

(4)

The performance coefficient can be account as function of wind speed, so in real
use conditions is lower than the Betz Limit with values of 35-45%if ideal design taken
into account. In addition, there are some another factors take place in the calculation of
the wind power that truly converted to the electric current. Some have negative effects
as frictionlike the bearings; gearbox and generator, so only 0.1-0.30 of the wind power
are indeed converted.

Therefore, the power coefficient will take place into account these factors and the
power from the wind was given by:

1
Pavail:E*CP*p*S*V3 (5)

For more accuracy, it found that the performance coefficient is function of several
factors like ratio between the wind speed and tip speed of blade in addition to number
of blades and blade angle Beta. Actually, the C, value depends on value Beta and
Lambda, Where BetaP is the pitch angle of the blade in degrees, and Lambda A is the
tip speed ratio of the turbine.
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Figure 1 — Cp value depends on value Beta and Lambda

To get maximum power from wind it recommended to design optimal tip speed
ratio of wind turbine there are many forms to find the value of, below is the equation
that used in this study

Co(MB) = A1[((A2 %{) — Azf — A4) e + Agh; (6)

A =054, = 116; Ay = 0.4:4, =5: Ac = —21: A, = 0.0068:
1_ 1 0035 (7)
b A40.08+p 143

Build the turbine essential equations in the Matlab program to calculate the power
generated, the value of founded experimentally for many researches using the following
equation:

5 = @reR ®
o = blades angular velocity (radian/ sec).
To find the turbine power used the formula
1
P, = Ecppsvi“ )

The initial parameters of the 2- blade Wind turbine:

To calculate the essential parameters of the ordinary wind turbine used the mass
properties in Solidwork packet, where the model made of Aluminum. The diameter of
the ordinary wind turbine is 0.5 meter designed to be suitable for the passenger vehicles
and can fix in front of the grill, length of the blade is 0.22 meter.

The backside area designed wider than the front area to insure create a pressure
difference between front side and backside of the fin where the wind velocity will
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increase causes low pressure in the backside, which allow wind to push the fin around
the rotation axis.
Initial parameters of wind turbine shown below
Mass m=777.86 grams (0.77787 kg); area S= 64169.80 mm2 (0.06417 m2); volume
V=287035.05 mm3 (0.000287 m3); material density =2710 kg/m3; moment of inertia
along the movement axis [=67002280.01 g.mm?2 (0.06700228Kg.m2)

Assumptions to modelling the turbine:

There are some assumption to start modelling the turbine in ideal conditions

Consider the blades are similar and homogenous have the same moment of inertia
and same parameters

Friction coefficient for the air is zero

Air speed is homogenous when hit the turbine blades area

Results and Discussion

The power consumption by the A/C compressor is 1.46 kW (2H), compressor speed
is about 1000rpm, so the torque required =5252*hp/ 1000 = 14Nm and to drive it the ICE
required more fuel consumption that means more exhausted gases and more expenses.
Therefore, there is a need to create a system based on clean and endless energy. Wind
energy is a promising energy and it can mitigate the effects of global warming if the
studies presented are properly used. Model of a 2-blade wind turbine Cp represented
in Matlab as shown in the figure 3,as results the maximum value of depends on two
variables Lambda and beta as in figure 3.

out.Cp2

| Cont Cont nt
Bela QA MLBIL ) | 05 116°02104°(1}5)'exp- 20 u2)H0.0088'u3)

1lLambda i o
lz / Cort | Cp Scope
/ 4

L outLambda

Figure 2 — Turbine equations simulated in MATLAB program
The figure shows the simulation of equation in Matlab program

to fine numerically the values of power coefficient when beta varies
2, 4, 6, 8 10 and 12 degrees when lambda is between 0 and 20
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Power Coefficient values Depending on Lambda and Beta
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Figure 3 — Values of depending on Lambda and Beta

The figure illustrates that the maximum power can obtain from the wind is when
the angle of blade Beta is two when lambda is 10, this power inversely proportional to
Beta, therefore this value was selected in this study. Because of that, the study relies
on high wind speed according to the vehicle speed.

If the rotor of the wind turbine spins too slowly, most of the wind will pass straight
through the gap between the blades, therefore giving it no power. However, if the rotor
spins too fast, the blades will be cannot seen and look like a solid wall to the wind. In
addition, blades at very high speed can create turbulence as they spin through the air.
If the next blade arrives too fast, it actually will hit that turbulent air. So sometimes, it
is better to slow down the blades.

Taking into consideration lambda optimal is 10 to get the maximum power and
represent the values in Matlab simulation.

The maximum power obtained when the air velocity was 30 m/s (108 Km/h) for
first 15 sec was more than 1250 watt then raised to approximately 3000 watt when the
wind speed was 40 m/s (144 Km/h)
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Figure 4 — The range of accepted power related to wind speed

When the wind speed is near to 31.5 m /s (113.4 Km/h), the optimal mechanical
power required to drive the compressorcould be obtained as shown below

Power_Watt
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Figure 5 — Optimal power related to wind speed

Conclusion

Designing ordinary wind turbine with small shape and high performance to generate
mechanical power for small mechanical devices is possible at wind speed condition. The
study showed that optimal power for the small mechanical devicecould be obtainfrom
small diameter, 2 — blade wind turbine. The wind turbine gives optimal power required
at wind speed is near to 31.5 m /s (113.4 Km/h) and for less wind speed the device could
work with less efficiency. However, more efficiency at higher wind speed may obtain.
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24T opaltFeIpOB aThIHIaFbl yHUBepcuTeTi, Kazakcran Pecriyonukacel, [TaBnogap K;
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SV 1bsiHOB aThIHAAFbI UyBall MEMIIEKETTIK YHUBEPCUTETI,

Peceit ®enepanusicsl, YeOokcapsl K.

Martepuan 07.12.23 Gacnara TycTi.

"KEJIIH JKOFAPBI )KBIIIIAMBIK JKAFIAWBIHIAFBI )KEJIIK BYPY
MAJIAKTAPBIHBIH JKOBACBIH MOJIEJBAEY KOHE HETI3AEY

Byn maxanaoa exi nemece yw Kanauacol 6ap koo0imei srcen mypouHacvl apKblivl
MEXAHUKANLIK, Kyam KAalakmapowly OU3AUHbIH He2iz0ey apKblibl OHOIDY apKblibl
OMBIH UIBISHIHBIH A3AUMY JHCOHE KYAMbl A3aUMY YUIH HCAHAPMBLIAMbIH IHEPSUSIHb]
navoanranyovl maiKbliaumely 3epmmey cunammaiean. bBema wezine 6atinanvicmol
MoOdenvoey apKblibl KopcemineeHoel, Heenoiy MakCuManobl KyamuvlHa Jcemy yulin
ap acy30iy Y3uiHOblevl 0,22 memp, an Kanax oypoiust 2 epadyc. Typounanst scobanay
JHCOHE OHBIY UHEPYUsT MOMEHMIH JCOHe DACTNAaNKbl napamempaepin aAHbIKmay Yulin
Solidwork bazoapramacel naiioanranviiowl.

Matlab 6azoapramacein  natioanany cyienik menoeyaepoi mooenvoeyee,
mypounanvly Kyam xkoapouyuenmin udean xadam Oypviutina (bema) dHcone yuivl
KAMbIHACKIHA (1AMO0a), 9pMYPAl WasblH MEXAHUKATLIK Kypblaebliapovl backapyaa
APHANIZAH MEXAHUKATLIK KYyammoly QVHKYUAChl peminoe aHblKmayad apHAI2aH.
Kyamol 1400 Bamm. JKen mypounaceinoa anvinean Homudicenep cunammanzam, ol
wamamern 31,5 m/c (113,4 km/caz) sicen HcbliOamOblebiHOA Kadcemmi OHMAUIbL
Kyammol 6HOIpedi, al HCceldly MOMEH HCbLIOAMObIZbIHOA KYpbliebl MOMEH
MUIMOIIKNEH JHcyMblc icmetl anadvl. Qumnece, Heo2apul Hebl0AMObIK MAKCUMALOb
MUIMOLLIKIMI KAMMAMAChbl3 emeoi.

Kinmmi coe30ep: modenvoey, dcobanray, Kaiakuaiap, Kyam, jcei mypouracst,
AHCAHAPMBLIAMBIH IHEPeUsl, MUIMOLLIK.

Abbac Baxuo Jaxam’, *A. K. Kacenoé’, bacem Paxum Kazem?,

K. K. Ooiwes’, A. C. Anrowxun’

24T opaiireipoB YHuBepcureT, Pecryonuka Kasaxcran, r. [TaBnonap;
*YuuBepcuter Anb-MycTancupusi, Pecryonuka Hpaxk, r. barnan;
*YyBalickuil rocy1apcTBeHHbIi yHuBepcuter umenn 1. H. YibsHoBa,
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MOJIEJMPOBAHUE 1 OFOCHOBAHUE KOHCTPYKIIUA JIONACTEM
BETPOYCTAHOKH B YCJIOBHUSIX BLICOKOI CKOPOCTHU BETPA

B oaunoii cmamve onucwisaemcs ucciedoganue, nNoCEIUEHHOE 00CYAHCOSHUIO
UCTIONB306ANUS 80300HOBISAEMBIX UCTNOYHUKO8 dHepeuu 07 CHUICEHUs pacxoda
MONAUBA U CHUIICEHUS MOWHOCMU NymemM CO30aHUsi MEeXAHUYeCKOU JHepeuu
nymeém 0060CHOB8AHUS KOHCMPYKYUU NONACmell 6empsaHol mMypoOuHvl ¢ 08YMs UIU
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mpemst 1onacmsamu  — OAUHAa Kaxcoou aonacmu cocmaegisem 0,22 mempa, a yeon
HakaoHa Jaonacmu cocmagigem 2 epadyca 078 OOCMUdICEHUs MAKCUMATbHOU
MowHOCIMU 8empa, KaK NOKA3bl8dem Mo0eIuposanue 8 3a8UcCUMocmu om npeoena
bema. Ilpoepamma Solidwork ucnonwsosanacv 0as npoekmupoganusi mypouHvl u
onpeodeneHuss ee MOMEHmMAa UHepyuu U HAYaIbHuIX napamempos. Hcnonvzosanue
npoepammel Matlab npeonasnauanocs 0ns MoOOeIUPOBAHUS CUCMEMHBIX YPAGHEHUL],
onpeoeneHusi Koappuyuenma MowHOCmMu mypouHsl 8 3a8UCUMOCTIU O UOEATbHO2O0
yena Hakiowna (bema) u nepeoamouHo20 OMHOUICHUS. — 3AKOHYOSKU (MAM00a),
MEXAHUYECKOU MOWHOCMU 0151 NPUBOOA PA3TUYHBIX HEeDONbUIUX MEXAHUYECKUX
yempovcms, ¢ npeononazaemou  mownocmoio 1400 Bamm. Onucwiearomest
NOTYUEeHHble Pe3VIbmamyvl GempaHoOU MypOuHbl, KOmopas Odem ONMUMATLHYIO
MOWHOCMb, HeoOX00uMyl0 npu ckopocmu eempa oxono 31,5 m/c (113,4 xm/v),
a npu MmeHvuuell CKOpOCU Gempa YCMpPOUCmEo MOodicem pabomams ¢ MeHbliel
apexmusnocmovio. B npomuenom ciyyae @vicoxas CKOpoOcmbv obecnedugaem
MAKCUMATILHYIO P HEKMUBHOCTb.

Kniouesvie crosa: moodenuposanue, KOMCMPYKYUs, JORACIU, MOWHOCHID,
eempsHas mypouna, 60300no6semas snepeus, K/
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