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In some egioas with an 11bundanl:CI of wind ll!iSOun:e!, wind power gentnlion is commmdy 

used to gmtnte elec:trical paws. Veitical-ais wind tuJhims am bo used to gwuste 

elec:1ricity. Thi~ in lhe VA WT i;Ge and lhe impiedic:tability in wind 11peed dust am 

~ variable po- prodw:tion. Belidel that, thin wa abo a litl!nllln Nriow oa. lhe 

~e of wind tmbim: whc:a implcmemed at blower applicaiiGD BiDl:e lbe wind 

gmcnled :lium blower w. vory llrlJag. H-. it ii DDC:e!lll)' to lllUdy Ibo opcnlion of 

VA wr IJyslrml -1 inve8ligate 1hc effi:.ct of wind lpeed8 OD wind lllrlrine periiwmm:e, 

JD.e111UR1 the Olllput of wind 1mbine at lhe blower applicadon by 1lliDg diffaait tJpc of 

mmrj•I, sizing, weighi, and shape of lhe wind bladeir~ 1111d test 1111d develop how lhe old 

motor_,,be~mtolbegenmlorfor1hcVAWTtogencn!eelewicity. Thc:VAWT 

bu •~Y been built with difli:n:n1 typea of ma~ fQr the wind blade. The 

.-mnneter, cligild muhimea, clamp meter wu being uaed. to meMUJC the p«Comiiim:e 

for this pro,ject at wu beina 1med in high wind speed (mli) rooms. The llllaI,ais ruaJt 

thowa 1hc old molure1n still produc:e «small amount of cmq:y when 1'eooi"ingthe genendor 

at the fil.91Jlrthe windll}leed(mls} flow will cantribute to the-eery high output VAWT will 

produce 1hat make the project objective l and 3 being achieved. Thwl, the aerodynamic 

delip, low weight plus vntluttongmaterial for wind bllldeproride high eflieiency OD wind 

twbines that make project objoctives 2 been ubiewd. 
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Di leSGbmglhb.wasm yangmemp1m.yai 1111Dber IUlgiD yang banyat. peajllll8lllkuasa angin 

biasanya digumbD umuk menj111a lwaa elelmik. TmbiD mgin pllbi -gak boleh 

digumbD umuk mmj™ elebik. Kenaibm hatga VA WT chm btidakpasrian blajaau 

agiD yang boleh m.oncl.,at pcmge!UCBD Jiuau bcirubah-u!Jah. Selain itll, tmUpat jaga 

linjlllllll litemur meugeui piatui 1mbiD llllgiD apabi11 dil1ban1bn pada ap!ibisi blower 

mf!!Wndmgbn angiu yang dij1111a dvipd1bloweradalah11111ptbat. Oleh itu, adaJah pmu 

wtuk mmglaji opc:rui lli81rm VAWT chm menyiuc mm kclajuan angin b &tu pmtasi 

tuJtriD imgiD, m.eugukur bluanm tmbiD mgiD pada apmra.; blowc:r dengm m~ 

pd!Migai jm bahmJ. Baiz. bent dan bentuk augin. billlh.. dan menguji Bel1ll ~ 

t.pinwna motor lama bolch dirokm: ma\iadi pc:ajlllll umuk VAWT mc:ajana elcktrik. 

VA WT !elah berjaya dilrina c!mpn pelbapi jc:ni3 bahan umuk bilah UllPn· Ancmometi=r, 

Jllldtjme;terdigital, mcterpmppitdignn•km Ulllllkmcngulwr~plOjeltiDidansMmg 

diuji di dal.aln bilik. b~ angin tinfgi (mill). HM:il cnalillis mmt111jukbn motor lama 

muih boleh mengh•.rnc..n sedikit 1=llp 11p1bila mcnjadi penj- dim sem•lrin llju a1iran 

agin (mis} abn menyumbang kepeda kdwmm. yang san,pt tinggi yang alam dol!aai1kan 

oleh VAWT yangmenjedilamobjektifprojek l dan3 menjadi. dicapsi. Olehitu,rekabentnk 

aerodimamtlc, berat rendah ditambah de:ngm 'bahall bat llllt1lk bilah llllsin memberibl1 

'krubpan tingi peda turbill an.gin yang menjadibn objektif projek 2 tercapai. 
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CHAPTER I 

INTRODUc.nON 

••• 

Clean mergy is defined u energy somca with little ID no adverse effecta on the 

enviJVnmeat or humm hea!lh. Tbeae - of mt!IB)' 1n1 fi:equeutly rennablo, which 

lllelll8 that they ~ themsdvell rpcntuieoualy IDd do not ediast finite n:sourm. A 

device ceJled a vertical-axis wind turbine (VA Wf} is used to tnmsfonn kine1ic ent:rgy fiom 

the Bpinning of the blade iDlo el~ power. It iB made fiom a rotor dud ia poailionod on 

a toM:r and 1-bbub thllt tin: intended to hame• the e:nczgy of the wind IDd rpin a sludl. 

The g-ator llllached to 1his shaft traDlforms the rotational energy in1l> eledrical enmgy 

dud may be uUlized to run lmildinp and othCI' bllildinga. VA WT me a clean and mlainable 

- or electricity. Aa natiou loot. ID letaen lbeirrelianlle on fosail f'aels and move mwanla 

a - sustainable energy fu1Ure, they ~gaining popularity OD 8 global scale. 

On the other hand, b!oweJ1111R nwcbinra Jlllde to lnllllport gu or air. They m: often 

employed in many di1l'aut ~icati-, inclwlillg iDdllltrial operations, air COJlditio!ling. 

venh1atjo'l, mid DIOR!. Blowm in IIequently med ID R!gulate tho fiow IDd pnallnl of air 

because they generate airflow uJiDa fans or impellm. 
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1.2 Addressing Global Warming Through Weather Sensing Project 

UNITED NATIONS 
SUSTAINABLE 
DEVELOPME T 
GROUP 
•••••• •••••••••• 

Figure 1.1 Goal 13 ofUNSDG which is the climate change 

Modem society now has a severe problem with pollution, which highlights the 

importance of finding and using clean, renewable energy sources. For instance, Bahrain 

burns 1. 7 billion cubic feet of natural gas every day to create electricity, which results in the 

generation of 90.3 million kilograms of C02 daily [1]. 

One of the main topics covered by the Sustainable Development Goals (SDGs) of 

the United Nations is climate change. Talcing swift action to mitigate climate change and its 

effects is a key component of Goal 13. Goal 13 aims to reduce the negative effects of climate 

change and create a more resilient and sustainable future for everybody by working together 

to cut greenhouse gas emissions and advance sustainable development. 

12 



Dae to the natunl unpredictaJn1ity in wind S]>eed and directiml, the main pn>blem 

wi1h wind tulbines is their vaziablo power produelioa. Tho eloc:trhl grid mun bo ablo to 

always hall!IWI llllJIPly Ill.Cl demmvl, dte.fdb1e dli• f!urmation may mm it cliflh1ult to 

integzate Vedical-uis wind turbine (VAWT). Additilmally, VAWf may have an adwno 

efl'cct on 1he lllZlUlll1diDg ama'a aca1hetil:1andnoise1evds, wbkhmay eausc -i:aidmls 

to object. Due to their &equait clilllDt loeali- an.cl need for 1peeialized maintm.._ 

equipment, VAWf maintrm111co and ~ mq>ellHI& C1111 alao be a aignifirmt proh1em. 

hides tblt, the most diffieuli pld of ~ a wind P:DCIJY ~ is 11B1J11rini ill 

dependability and lllleOlllJll1lling power curve while minimizing to1lll operating com ml. 

quality. Finally, altliough die price of wind wrgy baa c:omidmably &Im in 1-1 ymn 

due to advanQCll!cmts in t=dmo1o11» the initial cOllt oflmildin9 a VA WT ea 'be hip. 

1.4 Project Olljtdlve 

The project's primary goal ia to reduce the usage of fou:il fuels 1hat had critical. 

eftilcts to elimatll ehal1ge which have 1od to the emission of desttuetive greenhouse gases 

into die~. 

Speeifically, the objectives are as mllows: 

a) To stwly the operation af VAWT systmna lllld inveltigate the effect oftbe 

wind speeds on wind turbine pm !i'"'1anr,e, 

b) To telt ad clovolop tho wind IUJbiDes by usiDg 1he old motm to gaiente 

electricity. 

c) To meuure tho olllputofwind 1Ulbino~ at die blowm-applic:ation 

by uaiJI& different type of materiaJ, lizillg,wei&Jd and lhape of die wind 

bla4b. 

13 



1.5 ScapeofProjed 

The sco.pe of this project me u followa: 

a) This project maia.ly foc:ua on high speed location that need to <'11!!c'1'rt in lab 

m.;h4111mrrnt
1 

b) Thia pmjcet will 11cm: lhe prototype to i1hll1nte 1he ~ md idcu of VA Wf 

c} Thia project d.mip to miall 11D01111t AC -1 DC power to be: 8'oml. 

d) MATLAB &imuJaliol1 will be uaed to oond11ct the project llO:ftware. 

e) Tllllbloweiriimwithtmuna'lljmnmapeedof20(m/1)havel>Nllliedt'cirtluiwind 

speed. 

t) A:nemomeccr is used tom~ lhe wind speed t'iom die blower Cm. 

g) Digital llll11timeler and clamp meter is used to meuured the AC and DC volllgo 

lllld oc -·eat. 

14 



Chapt« 1 is about the inlrodw:tion to this project llldl as die~ project 

which tellB tho VAwr apc:mim-1 'Pfl~ODB, the: problem mtcmmt of tho VAWT 

which led into why thia project does was created ID reech the objec!ive. Beaidee that, it also 

tells the 1COpC1ofthepmjectwhich-the limit orbcwmdaies this project can be aehieve 

which it vay 1llCfol to elev a high Clllpeeta1iOD. 

Chapter 2, it will cover the past project raun:h dlat related to dJis VA WT v.ti:h 

is VtSIY impcnlUt diat holped mo to become 1jimmarwi1h D.lllll.OUI mieaa:h mlllhodologies 

and the molt impodant one ia to get to know the limiDWot111 of the premWI project that 

allows me ID refine my own~ design and melhod. 

Cbaptc:r 3 ii the method of how to develop thil projeiet wliieh involve• thc: 

development of ftowcbart, Gam Chart and milelltone and all componcnta project that 

R!qUind mid project ocmstraction. 

Chapter 4 is the data ind IDlllysis whicli involvo:B the llOftwaie -1 baidw11e data 

anal.yais result This ahspter is veiy important beamse it givM an approacl1 to 111e111U1e the 

pcojec:t's offec!i-. or success. ~ tho data needs to be based on the project 

objectivet to~ it u:hieved ilt intended oali:omea. 

Chapter S ia tho amclusion of all tho chapters lllld the acbievomellt during tho BDP 

tor- I 2023/2024 tella the impJO-m of this projec:t espec:ially iD fuDn woik. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

The literature review is the past study from the researcher which mostly can be 

found from the articles, journals, and reports which related to project and challenge which 

involves the scope and design of the project. Besides that, it is also one of the important 

components of every research since it supports understanding current knowledge, identifying 

research gaps, and building a strong basis for individual studies. 

2.2 Type of Wind Turbine 

i) Vertical-axis Wind Turbine 

Figure 2.1 Show the vertical-axis wind turbine (VA WT) [2] 
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The primary rotor shaft of a vertical axis wind turbine (VA Wf) is positioned 

vertically and perpendicular to the ground. VA WTs feature rotor blades that spin on a 

vertical axis, in contrast to horizontal a.xis wind turbines (HA WTs), which have their rotor 

blades situated on a horizontal axis. When compared to HA WTs, Wind Turbine with Vertical 

Axis (VA wr) may generate more wind energy than Wind Turbine with Horizontal Axis 

(HA WT). This method enables the turbine to run in any weather, including hurricanes and 

storms. Both a clockwise and an anticlockwise rotating axis are present in these blades [2]. 

ii) Horizontal axis wind turbine (HA WT) 

(a)_ HAWT 

Figure 22 Horizontal-axis wind turbine [3] 

The primary rotor shaft and generator of a horizontal-axis wind turbine (HA WT) 

are placed horizontally and parallel to the ground. It is the most typical design for substantial 

wind turbines that produce energy. Due to the turbine blades' natural movement in relation 

to the wind direction, their efficiency is great HA WTs are heavy and installing them is 

difficult [3]. 
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2.3 l'ormlllaRelated to VAWTProject 

i) Kine!ic energy of a gmm mass of air fimnula :lOr VAWT 

1 P=-m"P! 
2 

P =wind power per minute. 

m = tluid IDUI per time. 

Equation ('2.l) 

The wind tmbimi B«V• as tho '¥ital gaimstor of driving tuJque. It baa tho eapaci1y 

to~ OVI:!' lhe medusnieal vitality ut-nzei! to drive Gie ga:c1atur into motor vi1ality. The 

wind metes an aisymmetriA: stream tube as it movea through tho wind turbine, according 

to the ideal lllleam lube diCOJY. A wind lulbinc'1 l:llpllCi1y for c:1pturlng wiDcl mcigy is 

in11.uenced bylhetube'a innerdiicuMion'a active~ [4]. 

ii) Formub. for tluid m11S1 pCl' llllit of lime. 

m=pAV .. 

p =Wind. denaiiy in l:glml. 

A=thewindwheel'ssweep-imidotheilowtube,lllMlllRld Equalion(2.2) 

mm2. 

Uaing dlia mua Oownte and die wind llpecd, one may determine how -htinetic 

emirgy is them in tho 'lriDd. The qua11tity of captwecl i:imtic -zy, wbkh is J110PC1rtiona1 

to Gie lqllSI: of wind speed, m.oae- the powcs oulput oflhe wind tudrine. As a n:sult, 

aacuntdy predicting the 1DllSll llow nte ill helpfhl in. atimating the efl:iclimoy and powu 

oulpllt of a wind tmbimi. 

18 



himZ. 

1 
P=

2
C.,pAv!, 

Cp= The W"md c:DeriJY utiliatilP' coefficient 

A= the wind wheel's sweep _inside the flow tube, meallnd Equalion(2.3) 

Thia c:qualion u ODc: of the iwpwtaul Caetom far the mgir+ * 16 to detign wind tmbim: 

ayallml&. 'I1lis equation.-be used for both horizo:lllaland venioal-a:is wind tmbines ezcept 

for tho rotor awept area (A). For the VA WT, the swept- can be ealculatecl by: 

A=1ulh 

d ~the rOlol'I diametw (meun) 

h =Che rotor's height (mebm) Bqaatioa(2.4) 

Fmm dii1 cakulllion tlnmW., it ii eleedy seen diat the higher the value: of the 

diameter and the height af the mtor, the higher the swept area will be 11 a biggerwlume of 

air is intmlepted by a wind tmbine, whidi m.-- the lllllOllJlt of kinetic enqy it abBorb1. 
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2A Tiie Advutqa mul Dhacbutqa of El.Ch lomml Rdatal to This Project 

Table 2.l:Sh- lhe adwntage!l and di.ndvantages of eadi joumab 

No. litle Yew Alllhors • ~· 
[l] DeligJ1 111d 2020 Meath Waleat, Mohamm•d Abdul Able to 1-*'1y lho Cimlit mi.cf rodiv& is 

Implen....,tation Jl11hoed , Ania Ur Rebman, Omar operation through quite complex. 
ofaSDWl Bahri, Ahmed M hamecJ 1.ouhir o~ amartphone. 
Vmical-Axis Bahril, ll!d Omar ~Abbllli. 
Wind Tmbine. 

[2] Perio~ofa 2020 El-Ola!a Y, E1mara M Able to bow Ibo effect Tbml is DO the pic:tln of 
Small Harizonlal of wind turbine blade wind bladea ahown in lhe 
All.is Wind ·- - toward itl pcab"*"'" joumal. 
Tmbine with 
Blade Pitch"'" 

[3] Analysis on the 2020 M. Satcesh Kumar* , Y. V. Pavan Pl't8alt and compare all Simulation filr all the 
Elfeclivc:neM of IC:umllr* , D. Jobn l'nldeep* , Ch. the type of wind tudJine wind turbine type quite 
Vmical Axis Pradeep~. in lllml. of their complex. 
Wind Turbine for peiform.anoe. 
DomelB 
Conmmen. 



No. Title v- Aulhon • . 
[4] Vertit:al·Axis 2023 Q. Yuig,F. Yim, S. Zh"'& S. Li, C. Can monilur the wind Required big Ill'"" lo be 

WinclPower Yin, Bild Y. Wmig. speed with diffmllt inllall and high illitial 
Generation djlfanM COit. 

S7olem Bated OD 

WinclE.Dmgy 
Cbaracterislica of 
Hipway Vehh:le 

Flow. 
[!I] Study ofVer!U:al 2023 L Sohmki, S. Vadbcn, anc!K. 8. Two eomlrimliaa tyataD Lower rpllllC: c:>fficic:nt md 

Axis Wind Saadhu. ( if I fails , other symm high illitial cost. 
Turbin.ea with can be baclnip 10 that 
Solar PV for 

(c= 
CODtiJ:mouB poww can 

Energy Storage in L__ 
.___, 

deliver to the load. 
Batlny Swappin,g = \.___) 

- I'- -Sta1iW111 or for 
-

'--~ "--Electric Vehicles = 
on Highways "-= 1.-

UoingHOMER 
Pio. 

[6] SmartR.ediarge 2021 S. M. Samuel, S. P. SlllD. J".Baac, and ~lade design which can High illitial CGDStruc:tiClll 
ofmectric M. Rajaselalran. give 1he maximam COit. 
Vc:bida Using 
wincl-

efficiency top~ 
hin« 

[7) Power 2023 R. Kotbai, T. Ponehi, A. Sri .Ari Tho output pow. C8l1 be System cimiit quite 
Scavenging Priya, V. Sandhiya, lllld R. Ajitbaari.. used mr lighting or complex. 
Uoing aDurieuo impply to Pl to oell it. 
1)pe Vllldieal 
Axis Wind 
Tarbineon . - . 
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No. Title v- Aulhon • . 
[8] Smart Highway 2023 T. A. Srinivu, M.1. 8. MnJunnr4, S. lmvcr l.lllll8llulltion uid Lea ef1iQCD'1)', leu wind 

T"lmiqueusing A. P. SuJranja A. Padumi. 1111.d K. ~cost. speed duo to llhomir 
Wind 'I'mbino Sekar. sllw:tlll'e 
withVatical 
Allia fV Awn. 

[!I] Po~ 2021 QuAi. S, Emia S, ABeel R. Using light malerial. Slldi. The cost ofpolyCllbouate 
Blad...t Highway as pofycmbcmato furthe ia lllCll'O apeoaive than 
Wind 'I'mbine: A blade so that the wind C8l1 PVC. 
Cue !1tndv. rv4llte en:n futm. 

[10) JoT Baaed Hybrid 2019 Md. Arllfatur Rahman, Mtiru.fA Y, Con8ist hybrid 8Yltem Requiml sompv to 
Oz-. Emi:rgy Mukta, Abu Yo!ISU( A. Tsufiq whU;h die baUery- be suppod the batlmy 
Driven Highway Asyhari, Mel 2'.al:irul Alam Bhuiyan, charge/disdlarpd. to feed ayatem. 
T • • • - Che Yalutva Yukub. towmd •. .. 

[11) 1tr'1aiDg of 2019 J.M.Cuyii, J.L.Luzao, E.B.Chua, Conlaia die aerofoil Tho blade of die wiDcl 
Electrical Energy F. V.Cadia aacl M.C.Pacia. shape blado which tmbino is he&'Y}' di&t will 
'l1lroaBh provicle benefit dlrou,gb. eflblt the oalpUt power. 
Vehiwllr Ail "-=----- turbul-. 
Dragon 

I• l,c1 Highw&ya For ..... - -"J"._ " . 
Lighling Load --
• . . n.s. 

[12) Hyhrld I-Typo 2022 Jamm .Angelo C. Lipiao, Nioc:a Mao Conmin IOT syztem Initial east c:oDltnJction 
Dmima lllld M. Divina, ROtlllld Vincent M. wbich the oulpat po- 111d lllllilllenanae i1 very 
Savoniu.V~ SllD1iago, Culo1 C. Hudinda IV. - be monitoring ~ 
AidsWiDd dirougli ~clouc1~. 
Turbine Olpeble 
of Harvesting 
RosdaidoWind - . 
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No. Title v- Aulhon • . 
[13) JJnpl,,,_iatiO'l 2019 Kejie B. F.nl:iao, Mlmuel 10le III. Can monilur both 110blr JJlilial eCBt ~ 

of Hybrid ltajyl Loria, 1ude Cado Tmado, daD wind tmbiu output. and mMnttmanoe is VeJ)' 

Photovoltaic and R. V .M. Santiago and Michael C. expensive. 
WindRneigy PIN. 
ConveniOll 
System for 
'l'Jaflic 
~111.d 
RoadLi . . . 

[14) Dcwjgnof 2021 S. ltlljcndrmi, M. Vallamsu, P. M. Contain additonal Cin:uit is complm: 111.d 
HmnonyVCl&al Klimar, K. Rlljesh, T. H. Prudh.8114 ~ty&~forcar hip initial collllruction 
AxiaWiDd S.IWvalhi. du.f'<:111es. eolt requiJed. 
Turbine fur 
Power 
Cieroerlltiun. 

[15) ANovelVmU:W. 2019 Aahar Iqbel, Veuladnlmm. Cbiltari, Simple;~ llld Volt-AmplRAelivo 
AxisWiDd KV L Narayaoa. low maintenance. (VAR) lucting for 
Tmbine fbr exailatiOll. 
Energy ..... - -"J"._ " l.V-' . 
Harvatillg on the -

' JJiahways. 

[16) A Hybrid Power .2022 U. Miual. S. Verma, A. Klimar, S. A Hybrid s.yrb.lm where it Contain geubos diatvery 
<kuwlltion SiDgh, G. Vmlmqr,andA. PaWBr. c:an abo gcm:mtcd power npcndve iD die m8Jht 
System Utilizing through solar. 
Sobr..twm.l 
EDllrgyOD 
JJiahways. 
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No. Title v- Aulhon A 
. 

' [17) AHybrldModel 2018 A. Bavdlabr, P. X. N. ChCIUple, S. A Hybrid Byfteln whm: it JJlilial c:onsllue!iUD c:ott is 
ofVenical Am S. Bohmebr, S. P. a-, &DdN. B. C8l1 abo gaunted power vory apemive. 
Wind Tmbine- Sawimt.. through solar. 
SobrPoMr 
<ltiD6ialiOD for 
Hi&Jiway and 
Domestic . .. . 

n. 
[18) Rcepiiltot with 2022 Jl1hman M, Blsheilrh E Lowcr m:IBlrUc:tiOD l1!d Syn:m mwit quite: 

Air Blower and 1rllllpOrtali.o COit. complex. 
AirQaalily 
DelcWn'. 

[19) N•nnc:riql study 2017 W. Tiln, Z, Mao, X. An, B. Zbsng, IUlCor will produce Rotor is UDable to 
of energy andH. Wm. highest~ cooflicimt prodw:o power :livm 
n:covcry fmmthe :ftvm he8'¥y ndridea like moving C8l'll in the &st 
wlkc8 of movill,g =- bus. bme. 
whicleaon l "-= i.-

hig1nftya by 
uing. vaticol 
uis wind tulbine. 

[20) 'l'beCueof 2020 L. C. Xli!Jbl !llld D. M. Rall. High ttaffic locstiOll!l will ~ 
Hi&Jiway get the most produotivily sitev~ clangaoua 
Vei1Kal-AxiB from the turi>illa. towmd the womn. 
Wind Turbines in 
die Uni1211 States. 

[21) n..jgn of Small 1023 Chandraahelr:harP K, Sachin Lower ICOllltlUetiOD COit. Symm circuit quite: 
Scale Va.tical. Manquli, SNW..k A. wmplex. 
AxiaWiml 
Turbine. 
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No. Title v- Aulhon • . 
[22) E:r.periment 201.5 Chongyllllg Zbaol,2. Jun Uiol R.plain how duC8 die Bisher conslnlction cost. 

Validation af 'Shacmn!g Xiel ,Hmgyu Li block diagrmn of wind 
Vertical Alda turbina. 
Wind Tuibine 
Control System 
buedonWmd 
Enc:rgy 
UtiliZllion 
Coeffidmt 
Cbarsleri31i"8. 

[23) E:a:peiimelli with 2023 Keila S!rimiq, Hiroyuki Abo, Leam die shape lbolit Simalati011801lwlinl very 
& Pro1otype of Masaki Sato. -x-1 di:!sign. complex. 
Vertical-mr.:is 
Small Wind - ,_ 
Tmbim: with & 

Wind I.ms. 
[24) Flow Phyaic:s 2021 <Jene M, SekhouDe Ozden K Leam about the air flow Sjmn)ati<111 software very 

Analysis of a of wind speed. complex. 
Vertical Axis 
Wind Tulbim: 

.~" 11>"-' 

Ullin<> FlaEFD. 
[2S] Improvement of 2022 Shmta.t K. Yoshlnart T l.Al8m to improve the CilllUit ill compla and 

OenemiDg pe1:fucmm11e of wind hi.ghini1ial~ 
Efficicmi:y of turbine. COit required to do 
Vcrtical-ais tmiDg. 
Wind Tuibine 
with WindLelll. 
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No. Title v- Aulhon • . 
[26) Modeling llZLl1 2018 Khoharo H, Kumar L, Sharif Jamali Lam about the "C' Mldczial of wind bl.de 

Compmdive M sbapo clesiga wind blado. vory apemive. 
Pcrformance 
Analysi•of 
DiffmatBladed 
Vertical Axis 
Wind Turbine 
tvAwrl. 

[2.7) Optimizlltion of 2.021 FllUZih R., .Arilin F, Kurumanto R Lema about the new mp ... _t~tion. 
Vertical Wind design of wind blade 
Turbine which is Savoniua 811.d. 
Pcrfomumce in l- - ·- Dmieua Comlrilllmm 
Tmmel.Anaof 

~ 

Tudxine. 
Coal' r. 

[28) Re-.:hoo. 202.0 Anhui da :me, Dongbei da :me Leamabout eeodyua:mio Simulalim clmigJl to 
Aerodynamic design blade CODlributecl complex. 
Pfrlmmanoe ofJ- - higher ene!1JY to be 
type Bi.de harvest. 
Vertical Axis 
Wind Tmbine. 

[19) Wind Turbine 2017 Daua. S. Cha'Yllll, Jl18111ino ChM11a, Leam about tho Higbr:r llll&t c:omtnJf;tion. 
Model Testing Jaywam Santpal, Indu, Tanya, turbulence cnated by fim 
uiJ!sAll S:ide I AnuP"""' Sinsh Anamib Ra1ni1 call effect the • • 
Fa1111 Yadav. paf(+••••ncc of wind 
Arrangement to turbiu. 
Cru1e 
'l'mbulem:e. 
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No. Title v- Aulhon • . 
[30) Wind Tuzbine 2017 Dda. S. Claimn, Stpma,Iaywuit Lam about the Bish cod Cllllllructian. 

Model Tellillg San\pel, lDdu, Awyema Singb. pm:&• ht!D'}O 0£wind 
using Blower Fan Ravleen lCa1lr Manochl, Anamib turbinetowamblowa-. 
Slidin& Shukla. Nirlmjma. 
Mochaniem to 
CmatoWilld 
She#. 

[31) Vertical .AJ.:i8 2021 Bucur I, Malael I, Predescu M. team about the effect or High colt cmstruction. 
Wind Turbine weight Oii. wind turbine 
Blade blade. 
Manufaduring 
Ulling Composite 
Materials. 

[32) DBFLECTABLE 2018 O.L. Crisostomo, 1D .Cordlm, Lflllln about lho Oft' Contain gaubwL that very 
BLADES J.A.Echare, RM Layea, P.O. sbape of wind bllllle.. tllpelllive in the mahL 
VERTICAL Mollllllll, S.V. Pc:ra, E.R. Ramu•, 
AXIS D. Saldua, L.M. Tayopan. 
WIND 
TURBINE. 

[33) Aaodymmic 2020 Mmgcbai Gao 'Zheilg Li, Liyuan Lem!. about the new High cost comtructian. 
Ptdiam.anoe and Cheng' Weogda Zhang. ahapo af wind blaclo. 
Wake Effect of 
New type -Nlllllilus Blada 
Vertical -Axis 
Wind Tuzbine. 
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2.5 Summarize of The C.Ompnbcm ud DHl'tieat Between All tile lolll'lldl 

l'J\1m lhe table 2.1, it eleuiy ldlll:d that die big dill'~ betwec:u all 1111: projeet in 

of tho solarpv lllld wind 1lllbiDe IJl(em. The1 advaD1aps of this aytmn is tho aolar "PV cm &cl 

11 a badr:up BUpply when the wind turbine "11110t opc:iilte at the min.imam oulput pi:vb.bly 

dlletothe minimum nmnberofvehicla that passed byorwheetbercanditi1111.Although this 

syltall pmYido a 111ablo lllld oontinrm 1111pply, dao colt C011B1ruclion to build 1hia proje1et is 

very eqienaive due to the main component& like gczeratur and solar panel which is one of 

lho cares items to build thia ~. the other journals is just the only wind 

tuJbini: aymm while the difl\:mice of lhia &Y*DD jlllt 1bc mataia1 of die wind blade for 

example made ftmn PVC pipe or poJyoarbomle. 

This dlapter mostly dr.satlles a prior project canied out by various reseen:heJs, all 

whcso symm.bnildiug goab wa:e di.vllillo in appli"1ion but tho 1111mo in lmmB of 

background. Thill chapter ia vuy imporl8llt because it helpM me to become familiar with 

nmnaous raean:h methodologiea a.ad tho most impommt one is to get to know lho 

Hmmrtiont of 1bc pnmou. projcet that .UOWB me 1o n:fine my own rae11n:h de9ign and 

mdhocl. For lhe neirt chapl£r, it is going ID eqilein a lot aboui the detaila of my project such 

... _ • • • ........ that • eel, fl ..... 1h ,_,.,_, • 
11 ...., circuit lllDWlKIOll, colllpODOllt ieqwt owe ..... ., o WllUI& eq+mumt s«up 
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CHAPTER 3 

METHODOLOGY 

In general, this chap!« will explain about thepn1Cedures and mdhoclologies needed 

to develop this project which involves tho hm:dWlllll CG!Dponmls only whidi is hy 1lling the 

old molor to gwe.tate elcclJU:al magy. Thia pvj"1 will mah UJC: of a llpldnonou. motor 

which can be mlOVll1lld or converted infO the genemtor that will be used as a main coie of 

tho vmli.ul.-uis wind lulbine (VA WT) syskm IUlll will be tetrted OD. die 1lhoJ8l.OJy 

c:nWumnmt. 

To l:Olllluet ~h, addnls ia1111es, or llOO"'q!U1h c:cillain goels, a mcithodological 

apprcadl or set of methods is anpll>JM in a particular fieJd. of study or pmctice. It provi&s 

a med mp for gathering wt wlyzing dam. JMking choie111, md c:omiDg Co cc=lllliom by 

outlining the ovam"Ching lllNlltme and mks for cmrying oat a project, racerch, or inquiry. 

'Ibis is a small pmmtype that will analyn the efficiency of the VA WT at blower application 

to produ~ a cctaiD 11D011Dt of OU1pUt power. 



A wind turbine project's lifttime must be considmed while dwelopillg it with a 

mstajnaliJe development r-i.. ~ llR lllmlC miclal a.mp to Rmcmbcz: 

1) Site Selection: Choose mitablo loc'8ti<J111 filr the iDslalllltion of wind tmbines 

bucd on willd RB0111m, cnvinmmmtal impKtU1C1111D.mts, and m,y llOl:ietal ~. 

Sll!m clear of - tbat are smsitiw to the envinmmalt and tabs care not to damage 

2) F.nersY Efllcimcy: By ine1elllins wind tmbillC efficiency ad daign, you may 

pmdllce lllO!ll e!IJCU'icjty while cutting clown on energy losses. This entails selocting the 

~ twbine llizc, blado design, lllld opcn11ional SIZ8llcgica to ennn; optimal c:nc:rgy 

convmion. 

3) Dewlap a dsommisrioning s:trategy to guarantee the IOQW removal Ill.cl 

~ling of wind bid>~ It 1he end of lhc:ir useful live!!. To reduce wule and die negative: 

eft'eelll on the environment, enelOl.IDljJe component reuse and reoyclill,g. 

4) Qnmn1mity lilvolvrmml: lavo1vo rommunity memb«s Ill.cl stabholden in tho 

projds r"ming and dceision-m•king plOQCNCS. DiMum problm11, proYidc: md 

infonnaticm, lllla:l conaider the benelb to the oomnnurity, auch u dle Cl\l8tion of jobs, 

~invmtmmt, 111.d jiK:omMbving 1chmw 
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3.4 Project Syttem ~Dlagram 

The~ impottant fildor that will affect the aystmn is how much the wind speed 

uc:cded to BJliD the Bbll llO that die gCllaldor Clllll wm OD the prilll;iplc: of ~ll 

jnd!Yti1111 whioh ohange in magnetic field around a cowb:tor to gene:n!I!: electric cllMllt in 

the circuit. Figam 3.1 lhow& tbo VA WT operation when ming the electn>magnetic: concept 

to prodla:e die AC eh:c:trilliiy. Baim that, a m:lilier cimlit ii ulCd to emvc:rt /£ - DC 

which is used ID 1tare the battery • 

• 
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The wind turn the 
blades and turn the 

shaft. 

D 
It get transferred to 
generator to fill up 
and generator will 

produce the 
electricity (AC) 

(Generator) 

D 
AC load 

D 
Rectifier Circuit 

(AC-DC) 

Rechargeable Battery 

D 
DC load 

Figure 3 .1 Block diagram of VA WT system 

32 



A tlowdlam oflin' a c:onciao Biid org,eni?W! summary of a pmcea, enabling 'DStl'I to 

~d 111111 evaluate die ordiz of1he evc:ata or dioh:es involved. To i:qm:ICllt vaious 

upem, llWlh u beginning and ending point&, Wb or activitiea, deoiaiODB, inpall and 

oalpUtl, and c:owton or llll01'll to shaw the flow and dinclioll, they employ standazdizlOcl 

symboh aid QJlllleetcm. Jn dliB JllOjcQ, lhc:n: will be 3typeof:llowdmt11111 Ur.chide : 

i) Main flowcl!alt - The main flowchart giva a high-level GftlYicw of the 

opmlicma 8lld immlletiam of die ll)'ltcm. rt may not depia all die ill.lzble intmadiDDB or 

81ap lhai took pJace within die a,atni, bui it nen:dhelea111 pmridea a 'Visual pn:tme of the 

main tub llllddiftiction of the system's functioning. 

ii) So4- fiowdmt ·A softwme tlowcliart u a diagrmD dlll ahoWll Che alruWIJe 

aid lOjjical tlow of 111 algoiillliil or software prognm. h ditplaya ihe aeriea or choices, 

adivities, and rtaps made inside the softwanl to complete a certain ai:tivity or objective. 

ill) Hardw1R tlo~hllrt - A ~ tloWl:hsrt is a diagrem lhat 8hOWB the part. 

aid conneotiom in.llide a hanlware aystem or device. It i8 also td'eMCI to u a hanlwm: block 

diagnim or hsrdwaro ac:hemalic diagram It depic;ts tho phylic:al amsup:mellt, COllSIIw:tian, 

aid ll0Dllec1ionl oflhc '-1WlllC plldl. 
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• Limatme miiew 

ID 1hiB pct, Iha "'8eudi on VA WT ll)'BtClll1 is being 111udiod to bow die opntion 

and mataiall of dlia project which ill very imporWrt to incrcaae the Ullde:ntBnd 

befcnslllrt to implemmt die project. 

• lnitialD. 

The illi.tial desip v.iJ1 be uMlf 'buecl OD thCI JabwllWiy or sma1J.JOOm thCI ltlmd fan 

1o get tho diJrlnllt wind speed. 

• Construct and felt wftwae and haJdware 

Far1hialltep, all tkcompt"W"IB will be bought and assembled formstillg anddata 

will beeollected to ccmpla tho task, especially in data aad analysis. 
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Hardware Construction 

Assemble all the 
equipment to form a 

system 

No 

START 

Literature Review 

Gathering information 
and ideas 

Initial Design 

Objective 1 
(achieved) 

Test the System 
Operation 

Yes 

Data collection and 
analyze 

End 

Project Simulation 

Construct the program 
using MATLAB software 

Objective 2 and 3 
(achieved) 

Figure 3.2 Main flowchart of this project. 
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Figure 3.3 belowa show the flowchart softwvo which is buecl on tho MAn.AB 

sollvilR.Thc: gc:mntm llpced md the pi1di mgle is being a eomtmrt Vllliable u 1hc wind 

a.peed (m/1) is oonstantly changed which ill to determiile the aupat which will be Ill: the 

dilpJay and scope. 
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START 

Initial design 
simulation circuit 

Generator speed is 
fixed 

1.2 (p.u) 

Pitch angle is fixed 
(0°) 

Wind speed (m is 
being determined 

Bus selector and gain 
(convert rad/ms to 

rpm) 

Di splay I scope 
(Output) 

El\D 

Figure 3.3 Software flowchart of this project. 
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Pi.gunl 3.4ahows tlelwdwan! fl.owcblltofthis VAWT syatem.The opmlionis 

almllBt lhe 111111e 11 lhe uomal wind tmbim: ll)'lltem ~ 1br the 11pplli:alion wlW;h c:m be 

both oomrihute to AC wl DC load where a ftdifierwill be inmi!led iii. thia VA WT 

aymm. 
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The output from the generator 
"'ill be used for the AC load 

application. 

START 

Design the hardware circuit 

The wind will push the blades 
of the wind turbine and trigge.r 

the generator. 

The generator "'ill start to rotate 
as electromagnetic i nduclion 

process will be happen to 
produce electricity. 

Yes 

E. D 

The com·ertor like rectifier is 
used to om-ert AC to DC load 

which can transfer to the 
battery. 

Figure 3.4 Hardware flowchart of this project 
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3.6 List of all Hardware Component 

Projects need hardware components because they enable functionality, affect performance and efficiency, make integration and 

compatibility easier, allow for scalability and expansion, give dependability and durability, improve security, and provide support and maintenance. 

For a project to be successful and last a long time, selecting the appropriate hardware components is essential that can be seen at Table 3.1 below. 

Table 3.1 List of the component required in this project. 

Name of the components Definition Operation Application 
1) Permanent magnet synchronous • A type of synchronous • PMSM operates in synchronous • Used to convert the 

electric motor that creates mode, the rotor and the magnetic mechanical energy 

a magnetic field by field created by the stator revolve produce by the 

attaching or embedding at the same speed. High rotational blade of 

permanent magnets in the performance and efficiency are the VA WT to generate 

rotor. outcome of this synchronisation. electrical energy. 
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2) Anemometer 

3) Digital Multimeter 

A device used to measure • The anemometer measures the 

voltage, resistor and 

currents. 

number of revolutions or turns, 

from which wind speed is 

determined. 

• Used to measure the 

wind speed (mis) 

produce by the fan when 

implement in laboratory 

environment. 

• A device used to measure • Ensure all the probe are connecting • Used to measure the 

voltage, resistor and 

currents. 
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into a right port (negative and 

positive) and make sure to select 

the maximum range (scale) to 

prevent any damaged to the 

multimeter. 

voltage value produce 

by the wind turbine. 



4) Bridge Rectifier 

5) Unplasticized Polyvinyl 

Chloride 

Used to convert 

alternating current (AC) 

to Direct current (DC). 

• plastic utilised for water 

pipes. 

• Uses one or more P-N junction 

diodes to convert alternating 

electricity to direct current. Diodes 

function as one-way valves that 

only let electricity flow in one 

direction. 
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• Used to convert 

alternating current (AC) 

generated by VA WT to 

direct Curent (DC) to 

supply it toward the 

battery. 

• Used as a blade of the 

VA WT system. 



6) Waterproof Cement 

7) Capacitor ( 1 OOOuF) 

• Kind of cementitious 

substance designed to 

prevent water from 

penetrating and absorbing 

it. 

• an electrical component 

used in a circuit that may 

store and release energy 

• This involves increasing the 

cement's resistance to water 

penetration by combining it with 

certain additives or customized 

formulas. 

• A potential difference is created 
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when a voltage is applied across 

the capacitor because electrons 

gather on one plate while being 

repelled from the other by an equal 

number of electrons. 

• Used to make the base 

of VA WT system. 

• Used to smooth and 

filter the output voltage 

in rectifier circuit. 



8) Boost Converter (DC - DC ) 

9) Solar Charger Controller 

A DC-DC (direct current • An inductor stores energy from the • Used to boost the 

to direct current) power 

converter circuit that 

raises the input voltage to 

a higher output voltage is 

called a step-up converter. 

• an electrical component 

that controls and monitors 

the solar panel-based 

battery charging in 

photovoltaic (PV) 

systems 
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input source during the "on" phase, 

while a diode releases this stored 

energy to the output during the 

"off' phase, increasing voltage. 

voltage from the 

rectifier to get the 

minimum input of solar 

charge controller. 

• Keep the batteries from 

being overcharged or 

deeply discharged to 

ensure maximum 

longevity and 

performance. 



10) Soldering Iron 

11) L- shaped hook 

used to connect or bind 

metal components in 

electronics and 

metalworking by melting 

and then cooling a filler 

metal 

Used to hang some item 

and clothes. 

• Through its heating element, 

which is usually a copper tip, 

electricity is applied. Solder is 

applied to the component junction 

once the heating element achieves 

a temperature high enough to melt 

it. 
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• Used to solder the boost 

converter that connected 

to solar charge 

controller. 

• Used to connect the 

wind shaft and the wind 

blade. 



3. 7 Hardware construction 

i) Soldering process 

Figure 3.5 The process of soldering the electronic circuit 

Soldering is a process used to join two or more metal components by melting and 

flowing a filler metal, known as solder, into the joint. Using a soldering iron or other heating 

tool, the surfaces of the metals that need to be connected are heated, which melts the solder 

and causes it to stick to the workpieces. Since solder usually melts at a lower temperature 

than the materials it is joining, there is less chance of component damage during the 

operation.Figure 3.5 show the boost converter that need to be solder so that it can be 

connected from the wind turbine to the solar charger controller.The process need to be 

carefully be done to avoid the component from being overheating. 

46 



ii) Project Base Construction 

Figure 3.6 The base of VA WT using the cement material 

Figure 3.6 show how does the base of VA WT was created by using the quick-dry 

cement. The process of making this base required very quick time because to avoid the 

cement from being dried completely before it can withstand the UPVC pipe.Besides that, the 

height of the UPVC need to be shorter to reduce the vibration produced by the wind blade 
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iii) Wind blade design 

Figure 3. 7 Type of material used for wind turbine blade 

Figure 3. 7 show how does the wind blade of VA WT was created by using 3 type of 

wind blade which is the PVC Class D, aluminium flat sheet and UPVC. The shape design for 

the material PVC Class D and aluminium flat sheet was design into "C" shapes while the 

UPVC was design into aerodynamic shape to make comparison about which design will get 

the better performance in term of harvesting the energy. 
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3.8 Project test development (No -load) 

i) PVC CLASS D 

Figure 3.8 Show the VA WT being tested using PVC Class D as wind blade 

The equipment that is involved during this experiment is digital multimeter, clamp 

meter, anemometer and the blower fan.Therefore, data such as AC voltage, DC currrent and 

DC voltage had been collected as the wind speed (mis) increase until it reach a constant 

value.Besides that, a rectifier circuit have been created to convert the AC voltage into DC 

voltage.The experiment is being tested in no-load condition because to make sure the 

generator from the VA WT is functioning properly when not under load. 
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ii) Aluminium flat sheet 

Figure 3.9 Show the VA WT being tested using aluminium flat sheet as wind 

blade 

The equipment that is involved during this experiment is digital multimeter, clamp 

meter, anemometer and the blower fan.Therefore, data such as AC voltage, DC currrent and 

DC voltage had been collected as the wind speed (mis) increase until it reach a constant 

value.Besides that, a rectifier circuit have been created to convert the AC voltage into DC 

voltage.The experiment is being tested in no-load condition because to make sure the 

generator from the VA WT is functioning properly when not under load. 
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iii) UPVC 

Figure 3.10 Show the VA WT being tested using UPVC as wind blade 

The equipment that is involved during this experiment is digital multimeter, clamp 

meter, anemometer and the blower fan.Therefore, data such as AC voltage, DC currrent and 

DC voltage had been collected as the wind speed (mis) increase until it reach a constant 

value.Besides that, a rectifier circuit have been created to convert the AC voltage into DC 

voltage.The experiment is being tested in no-load condition because to make sure the 

generator from the VA WT is functioning properly when not under load. 
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3.9 Project test development (load) 

Material: UPVC 

Figure 3.11 Show the VA WT being connected to the solar charger controller 

Figure 3.11 show the rectifier had been connected to the load which is the solar 

charger controller.Solar charger controller is used as a indicator which is the led that when 

it light up tell the circuit is in process charging.At the connector, the voltage value had been 

measured to ensure how much the voltage drop when connected to the charger 

controller.Besides that, the PVC Class D and aluminium flat sheet is not suitable to be 

connected into solar charger controller since it input voltage provide very low. 
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3.10 Project hardware construction 

Figure 3.12 shows how the hardware experiment had been conducted in the 

laboratory environment. The component requirement that is involved in the experiment is a 

digital multimeter, an anemometer, VA WT, rectifier, and a blower fan where the speed of 

the from is blower is constant while the material of the blade is variable and being tested. 

Besides that, AC and DC voltage has been measured to determine the performance of VA WT 

in terms of sizing, material, and weight. 

Vertical- axis 

wind turbine 

Blower fan 

(produced wind 

speed mis) 

Clamp meter 

(To measure DC 

current) 

Rectifier circuit 

(Convert AC to 

Hardware analy s conducted in laborat ry room 

Anemometer Digital Multimeter 

(To measure 

wind speed) 
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(To measure AC 

and DC voltage) 



3.11 Project software construction 

Figure 3.13 shows the simulation diagram of measuring the speed (rpm) for the 

VA WT constructed by the MATLAB software. The output of this circuit will be shown on 

a display and the scope with the speed (rad/s) that will convert to rpm. This circuit is running 

with constant genetor speed and the pitch angle. 

1.2>----

Figure 3.13 Simulation circuit of this project. 
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It ia widely arhowleclged that the Gantt chart is an essential and much appieciatecl 

pmjec:t1111111grmmUool, 1mliml to 'YiBuaJize aJllO.i='1 IK:hcdule. Whm.m-i?ng«mpl~ 

projectl, Clantt Chal'l!l am 111. icleal tool fortmllkiJI& timelina efficiently. They aaiat Pmjeot 

Managtin by offering a vilual llWDDlll)' oo!ljnjng aitical tasks' duration and c1ee.nhw. 

c:mblilig beUe:r oveJBiPt • well u e1l'cclive alloc;ati1m. lllld prlorliizmon oI i:aoun:e• m 

varia!ls tasks aJ£uriDg timely compJetioD within budget 

ID BDP I and 2, 1hme will be a 1otal of 14 weeks to complete tho BDP nport 111111 

the project in each aemectrs. ID thia ae:meaw (BDP 1), there will be mostly fooa1:1 OD fincling 

the project m.amills and limature ~view which will apply in chapter 4 wbich is dlo 

pR!imin.m:y lllllllt tbat will m:hM: one of the objcc;live projecta. 

Far BDP 2, the Gantt chart rep:re.US the future p18!l!ling, which will lllOlltly 

eonccmtmtll on tho projec:t's testing and OOllStruc1ian. This project must be complteecl iD 14 

weeks before die final prel!elllU.on, and it 111118t fulfil all i1& ~ 

A milestone in project menag1'D1ent is an impol:tant oocum:noe or 8000lllpliflnKnt 

tbat aignifia a piw1al mommt iD the projeet's Id~ This vital chllckpaim dmates 

a particuhlr Ulllput, obj~ or :ruJin1 m1J111...t 1hlt p:ldly CGDl:ribvtl:IJ to the projec:t'1 

tliwnph. 
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Table 3.2 Gantt Chart that involves BDP 1 and BPD 2. 

No 
1- lk I di ,{ 

Weeb WI W1. W3 W• ws Wf w WI w~ WI WI WI WI WI• WI w. W3 w~ ws w~ w WI w~ WI wl 1wl 1wl WI• 
0 I ~ ~ 

I Finding the project that want to proposed. -2 Project Title Conformation and Registeration ... 
3 Briefing with Supervisor .. 
4 Study the Project Background ..... 

~ s Drafting Chapter I: Introduction 
6 Task. progress evaluation I 

7 Drafting Chapter 2: Literature Review ~ 

8 Table of Summary Literature Review .~ 

9 Drafting Chapter 3: Methodology 

~ 1 rlc on e \11 1 :I ! • I 
1 p· s on 11 r 

1 T 1k1 ~ I 
1 >1b · ·~ •n ti l 
14 Presentation ofBDP 1 
lS Drafting Chapter 4: Analyse Data and Result ' 
16 Data Analyse and Result 
17 Record the Result ... . I 

-
18 Drafting Chapter 5: Conclusion and Recommendation L 
19 Compiling Chapter 4 and Chapter 5 
20 Submit Latest Report to Supervisor 

21 Finalizze the Report 
22 Presentation ofBDP2 II fl i'.r I •1. i' 

IC. l\.ll! 
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MARCH 
(2023) 

MARCH-JUNE 
(2023) 

1,:1 
L::_J 

SUBMISSION FOR 
BDP I REPORT 

JULY­
OCTOBER 

(2023) 

OCTOBER­
DECEMBER 

(2023) 

Figure 3.14 The milestone and journey of this project during BDP 1and2. 
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3.13 Summaryofttdl dlapm 

Tiu. dilptc:r 3 ia aboul the mclhod how doell 1hc: projea is gviDg to build whWh 

inwlva the flowc'hart project that divided into 3 pat which is the main flowchart, software 

projectaadhazdwae llowduldwhWh uplain tho flow of1hop10C:eaofdli1VAWf11ystmn. 

Nezt, it alBo 1alb about the hudwlR lllldelia111114 eomponenta that Ile~ to combine 

wilh haniwlftl woiking p-. and simulation cin:ait that mabl lho pivject able to build 

inu:mridWly. Bc:aidcs dllt, die Gmu Chm mid the milcstolle is cmslcd to show the jOllJDC)' 

and die a.c1rieYement objective ofthia project which during BDP 1 and BDP 2. 

For tho nm c:hapts, tho project iclea will :foc:us heavily on data analyais ~ for 

bolh hll:~ mid IOAwme to get the outeomes that mateh wilh proj~ objeielive11. 
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CHAl'TER4 

RES1JLTS AND DISCUSSIONS 

This chapter praam die raulta and analy&is on the voltage and cum:m re&ding 

produceil by the old motor from tho v~am wind tmbino (V AWI') that will dUpla.y in 

digital muhim.eter.The data~ will might be clifi'=nt Bb:o the mall:lial of the wind 

blacle ~ changed and being tested.Beside6 that, Nm, fhere is a diffmnt between tor the 

llimuJation cilwit ia ~to maly!Kl and dftmnine speod1p111 (m/1) for the v Awrto rolllle 

with~ BpCed of the ...,neud.ir. 

4.2 DfAKulllon allli 1111lllyll. of alamatlaa read 

From figure 4.1, it can be obaerwd flW die value of wind speed (m/a) will have a 

significant impact towaz:d 1he output speed (!pill) of the VA WT when mnning the l)'lttlm in 

wiml BpCed of20m/t AB Im die h,podiai5itembelltatedthat1he mp the wind BpCed 

(mis), the :faster the ll'eed (rpm) ofdle VAWT to be mtated which it will mtmnatically 

produce a giwt 8lll01lllt of oulput pomr. 
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J_ -
Figure 4.1 Graph of the rotation speed (rpm) when the wind speed is 20(m/s) 

4.3 Discussion and analysis for hardware result 

The analysis of this project is mostly focused on the performance of the VA WT in 

terms of harvesting energy. The data for AC voltage, DC current, and DC current had been 

collected with different types of wind blade to make sure which material will provide better 

efficiency. Thus, there is also an analysis on the various types of effects that cause the wind 

turbine performance to drop. 
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4.3.1 DUa u4 anal.Jiii for wind blade PVC (D) materlll (No.load) 

Tahle 4.1 PVC Clw D information based on dimen•ion, llizing and weight 

Nmm:of Lc:Dgdi(m) W'Jdth(m) Diameter (m) AV\:DgC 
Mamial w..io'ht th.\ 

PVC 0.09 0.07 0.1016 0.92 

ClauD 

Table 4.2 Show the all tlf: data dlat have been produced ftom VA wr for 10 trial 
uling PVC Cius D 

Wind Speed Ar:. Valtage DCCUrrent DCVolt• +boost mnverter 
DATA (m/s) (11) (mA) M 

1 19.3 0.23 l2.4S 0.31 
:z 19.8 OA2 U .73 OM 
3 20.2 0.60 14.52 -.., 0.64 
4 20.S 0.64 14.19 _.:'.I 0.68 
5 21.2 0.75 lS.7a r 0.79 
& 21A D.82 17.23 . o..86 ' 
7 21.5 o.as 17.51 0.92 I 

a Jl.6 0.90 18.32 0.9$ 
g J1.7 0.93 l&53 

. 
1.14 . . 

10 21.8 1.00 20.00 ' ,. 1.24 
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W ind Speed (m/s) vs AC Voltage (v) 
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0.80 
2: 

<11 0.60 tl.() 
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Wind Speed (m/s) 

Figure 4.2 Graph of wind speed (mis) vs AC voltage (v) for PVC Class D 
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Figure 4.3 Graph of wind speed (mis) vs DC current (m.A) vs DC volatge+boost 

converter (v) for PVC Class D 
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Hued OD ~ 4,2, u die wind speed (mis) me-sea. the Vlhie of AC voltage 

prMni-ed by VAWT it also illlri-a eiat cone~ that wind speed (ml•) ill llllnue 

pcoponiollll to Iha AC vobap. Thia ii duo to Iha kiDric ~ givea to the wind blade 

incralea with wind rpeed , whidi tum die peratur of 1urbine to rotate futer.Tle AC 

wltago produced by ming this PVC as wind blade approximately below 1 v which can be 

c:omideml vr:ry low ou1pltt. 

Based on fipre 4.3, DC current (mA) diat prom1Mt ftom lhe a:ctfiier cim&it ii 

inaeases proportional to wind llpeed (mis) that can INdl up to 20mA while tho DC wllago 

that have been boost by the WlliCl~ mo iDm:ucs whidl 1et1eh umil 1.24v.Jn addi1io11, the 

booct converter also doest help so much since the input vollage is veiy low. 

To oone1ude, tbia happen i.a due to the weigbt of die PVC CJau D whidi is very 

huvy that gm imp&t to die ov-11. eflicicm:y of the twtrine ud ~e stras OD other 

componencs. Besides Chat, the design ehalenges also one the main problem since the 

tbkba1111 for tbia PVC WI)' dif&ult to be shape that load to iDeflieimt ~ eonvmion 

and die "'C" llhape design that reduced die turbine ped\llmance. 
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43.2 DUa u411WJ811I.orw.lndbJMe111lng llmnlnlum flat meet material (No-

1"4) 

Tahle 4.3 Aluminium :Bat shed information baaed on dimension, sizing and 
weipt 

Name of Lcmgth(m) W"icllh(m) DillDoter (m) Avenge 
Material Wi. 

Almnininm 0.13 0.12 0.09 <0.001 

flat sheet 

Table 4.4 Show the all the da!a that have been pmcllloed :ftoom VA WT for 10 tlial 
uing aluminilDD fla1 ahcet 

Wind Speed M.V~ DC Current DC Valtage + boost c:onverl2r 
DATA lm/sl M fmAl M 

1 19.3 1.S2 23.Q 2.15 
:z 19.8 LS& :Z4.0Z 2.19 
3 20.2 1.59 24.S3 ..... 2.34 
4 20.S 1.64 25.31 2.37 
5 21.2 1.67 26.32 _/ 2.84 
& 21A L70 26A.5 2.9& I 

7 21.S 1.73 27.04 3.22 
8 21.6 1.79 27.43 ' 3A1 I 

g 21.7 1.81 2.&.41 0 ~· 3.53 
10 21.8 1.84 28.53 3.82 

t ~ 
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Figure 4.4 Graph of wind speed (mis) vs AC voltage (v) for aluminium flat sheet 
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Figure 4.5 Graph of wind speed (mis) vs DC current (mA) vs DC Voltage+ 

booster (v) for aluminium flat sheet 
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Hued on figwe 4A, u the wind BpCCc1 (m/a) ~. tie value of AC voltap 

prMni-ed by VA WT it also inllfeaae:a tiat concl:ade that wind SJlffd (ml•) ii inGreae 

pcoponiollll to tho AC vobago. Tbe AC voltage producwl by uaillg this a1nmjnjnm flat llhNt 

higher tbtn 1v and almo&t mw:h 2v comptn:d when uing the PVC Claas D. 

Based on figwe 4.S, DC c:unmt (mA) that prodacecl &om the rec:tfiier circuit is 

imzaae1 p:roportiollll to wind speed (ml•) tbat QID n:aeh vp to 28mA while thc: DC vollagc 

that have been boclt by the CO!lverler U8o incrwet that can reach Ull1il 3.Sv.1'11. lldctition, the 

boost converter also help a little bit but am be impovecl when using other typo of malmial. 

To c:onelude, lhil hllppc:n ii chie B1mlgth md tlmbility of the 1lmninium 

shed.Based on the obsel'Vlltion and analysis, Wind tm.bine blades need to be strong and 

fioxible 1o of&imdy c:aplln wind emugy while eadwiag the dyumaic flm:es, inchrdjag 

bending llDd twilling.When the wind &om die blower &n is vi:ry &'"1Dg. the wind blade 

cannot wi:tbstlllld the lllOng wirul. as it will keep bending as wind m-tion will not be able 

1io lllDW synebroniaio widi the wind blade 1111 a miult it will offeet the performaw:e of tho 

windturbine.Betiell lhat, !he ''C"typedeilijpl. wind blade ia net very eflicitat to tberollll:ion 

of tho wind 1ulbino sineothowind c;amo from tho blower only foeuaing on tho QOl1tcr of tho 

blade. 



Table 4.5 UPVC details infmmetion baled on sizing and weight 

NllDCof Length(m) W'idth(m) ~(m) Avenip: 
MatmW Wei 
UPVC 0.25 0.12 0.07 0.002 

Table 4.6 Show the all the data that haw Meil proclllced :fimn VA WT for 10 trial 
usiagUPVC 

WIND SPEED Ar.Voltage DCCUrrent DCVoh1119 + bllClt conwnor 
DATA (m/s) M (mA) M 

1 19.3 1..50 80.20 8.54 
2 19.8 LS9 94.73 9.84 

3 20.2 1..87 105.86 10.57 
4 205 Ul9 135.33 10.1!1 
5 21.2 2.34 146.76 11.118 
& 21A U& 164.42 -.,. 11.1 
7 215 2..44 174.73 11.12 
a 21.6 2.48 178.12 _/ 11.15 
9 21.7 2.54 112.82 11.17 I 

10 21.8 2..58 191.22 12.4 
I 
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WIND SPEED (m/s) vs AC Voltage (v) 
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Figure 4.6 Graph of wind speed (mis) vs AC voltage (v) for UPVC 
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Figure 4.7 Graph of wind speed (mis) vs DC current (mA) vs DC Voltage+ 

booster (v) for UPVC 

68 



Rued on figure 4.6, u lhe wind llJleed (mis) m-cs, the value of AC voliqc 

prMni-ed by VA WT it abo inllfeaae:a tiat conol:ade that wind SJlffd (m/1) ii inGreae 

pcoponiollll to tho AC voltage. The AC voltage pmdw:ed by using this UPVC pnmde 

higher initial 0111put wbidl is fiom l.S8v until it n:&ehell lhe mllrimlDD value which 2..58v. 

Based OD figwe 4. 7, DC c:urrmt (mA) that prodacecl fiom the reelfiier circuit is 

inaeue1 piopwlional to wind BpCCd (ml•) that ean i:adi up to 191mA whik: die DC vobage 

that have bem boost by the emvcrtcr also incnasee that CID reach until 12Av.Jn ad.ctiticm, 

the boost conwrhlr conlribute wry high impact towml the wltage value when compare it 

to other type of llllllaills. 

To oonclucle, UPVC is a matmaJ that is very suitable to be used u a wind bla.de 

beawlO ill implet OD the per Ge mance OD the wind turbine is wry lflicieat.Thit ia due to Iha 

f1n:Dglh and flexibility of lhe UPVC materUl wi.- rt ..de from h!lld malerial 1hll lllll 

withdm!d the llrOllg wind. from the blowv. Thm:fo!ie, die ro!Btion of the wind tmbine 

bec:onOB botte:r SU- it ·~ with the dim:tion of the wimlhides dial, the 

ae:rodynamicdesipwindbladeallowitcanprovidebettr:reon!rolav«hlrbinepafi:a-ce. 
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4.3.4 Data and analysis for wind blade using UPVC material (load) 

Table 4. 7 Show the all the data that have been produced from VA WT for 10 trial 
usingUPVC 

WIND SPEED AC Voltage DC Current DC Voltage + boost converter 
DATA 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(m/s) 

19.3 

19.8 

20.2 

20.5 

21.2 

21.4 

21.5 

21.6 

21.7 

21.8 

2.80 

2.60 

2.40 
2: 
~ 2.20 
~ 
g 2.00 
u 
<( 1.80 

1.60 

1.40 
19 

(v) (mA) (v) 

1.50 12.60 3.13 

1.59 14.43 3.24 

1.87 15.41 3.42 

1.89 17.42 3.53 

2.34 17.89 3.58 

2.36 18.94 3.61 

2.44 19.22 3.74 

2.48 19.43 3.82 

2.54 19.84 3.86 

2.58 20.14 4.04 

W ind Speed (m/s) vs AC Vol tage (v) 

19.5 20 20.5 21 21.5 22 

Wind Speed (m/s) 

Figure 4.8 Graph of wind speed (mis) vs AC voltage (v) for UPVC when 

connected to the solar charger controller 
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Figure 4.9 Graph of wind speed (mis) vs DC current (mA) vs DC Voltage+ 

booster (v) for UPVC when connected to solar charger controller 

Based on figure 4.8, as the wind speed (mis) increases, the value of AC voltage 

produced by VAWT is also increases that conclude that wind speed (mis) is increase 

proportional to the AC voltage. The AC voltage produced by using this UPVC provide 

higher initial output which is from l.58v until it reaches the maximum value which 2.58v. 

Based on figure 4.9, DC current (mA) that produced from the rectfiier circuit is 

increases proportional to wind speed (mis) but the current drop significantly up to 20mA 

which also the same cases to the DC voltage as it produced within the range of 3v - 4v. 

To conclude, the reason why the voltage drop is can be due to the mistmatched 

power ratings. Therefore, voltage drop problems can occur in the system if the power ratings 

of the wind turbine and the load are mismatched. For example, if the load wants more 

electricity than the wind turbine can provide at a particular wind speed, the voltage may 

drop.Besides that, higher cable resistance is also lead to the voltage drop plus the connector. 
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Thia chapta' tells about VA WT dlllt has been teaed with vari11111 types of materiala 

espeQally on wind blade delligo to gel whieh 1llllaial get IS bcUc:r pcrfilnmm:c in tenm of 

lwvetliJI& the energy, tie effect of wind lpeed (m/1) to the wind turbine o1llpDt and the 

perlimDanco of old motortmn illl:o gonomtor. 

For the n= ehaplcr, it im11y •bout the c:ollllhlsion of 1hia projca duJiDg BDl llllCl 

BD2 and the potimlial ofbeiDg oommemaHmon apel)ially ill m8lb:tin& sec!Dr. The :lilllft 

wozk is abo will bo expl•in..d as a impcov-t fordlil pmjeel io bo d.evo!op iD tho :limn. 

72 



CONCLUSION AND RECOMMENDATIONS 

5.1 Coa.duioa 

As a amcl'lllion, thia pmject came up with new ideas wbich ia the ability to \lie the 

waled materials and wmp•lflll" tbat cm convert it into sometbiJlg vmy utefu1 applieation 

sudl 111 1he VA Wf 1hat is vay eletn, eiMtonment..:liiendly, lll1Cl he :liiel. Farthcrmote, a 

mv 111.ticles state that VA wr is very saitable to build in blowa" applicalions beeause the 

wind. speeO trom. the blower f'lln !hat Jll06tly 1-. iDBlllll~ in illduB1iy Wll8 Vt:r.y 81nlDg that 

make it 8'11itable 10 be build far~ the energy. 

Based on all lhe nault had been 1abn, it ia clear th.at when the wind speed (mis} ia 

m.-. the Olllpllt produlicd by die wind tmbine alao mm- that make the pezfimnam:e 

oftbe wind twbine bec:ome beUer that mah project objective 1 had. hem. achieved. 

Neatt, the projocn objectiw 2 abo achiwe when the old motor which is tho 

pennllDClll magnet~ ml!Wr ~ tum into genemor Oaat -vert kinetic enczgy 

into eledrical energy by excitation field gcnermd imm the pmn•nent magnet 

Besidea that, UPVC can hamld more eJllllllY 1baD Ibo PVC Cius D ad tho 

alumini1DD Ollt Bhect.Bcaide• dud, the UPVC is the only 'lllltl:ria1 tbat CID liaJd up the BOblr 

charger controller which mah tho project objective 3 had bem acbieved.ln additiOD, tho 

wind. tmbino also ellpt!limeo tho vo!tap drop due to tho power ntiDg of thll wind. tmbino 

IDlf the load phll the Clbh: mmtimee. 
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5.2 Potmtid for CommrrdallAUoa 

The pmject's veitical-ais wind lllrbine (VA WT) hoJda aignifillllnt potential fur 

oommmrialiptim 11 it iDrmpomee a camprebmaivo et of dmigD optimintiom and 

imlovative fclduret. With u amidynamically efficient blade de.rip, lightweight yet clmable 

maferia!s, the VAWf demonslrllms improwd enmgy captme &CIOll a wide range of wind 

speeds. '1'homine, this 14ojoa hll8 the poimtial 10 be plac:ed iD 1111 indumial faetllly dud ha 

a bloftr machine and the wind ii "Very fast without dqlmding on the weather factor when 

com~ to solarpimela. ID addition, with its 1111111 lrize it is so euy to place it iD tho blower 

niom llld BllQl]l to be able to hsvm energy fi:um it being wuted. 

Pu:NreWorb 

For futare improvm11•ms, llCClll'8C)' of VA WT retultll could be enhanroil as followa: 

i) High torque molar that required low wind speed to prodace high output wltap. 

ii) Usibi higher wind speed (mis) that more 20 mis for better p~ of 

VAWT. 

i ii) Addmg the mlllliph: blade-. improw toique and stal>ili1.y ~ Clll low 

wind llpNda. 

iv) Adding the damping mechmim wbidu:azuecluco the vilmm1111a lllld olNillatign 

ofVAWT. 
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