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ABSIRACT

A solr powered steam Gurkine model iz presertid in Wiz paper. I1 iz & powes generating system Hak is Aesigned To wae sepewille erergy as
Jell for gerrating dectricily. The energy radiation from He sn iz rtctivid by He solir collecton (copper fipes) in stripes fitted in an
inadatid box printid black. The soler fowerid sttam Tuline act s & rerewille entrgy sesowce in rtfions where Here iz abundarnd and
Arives 4 Turkine W iz conplid o an allersitor whick gerrates electiicity.

WMWM,MWW, solir collecton, W,WMWM'M‘

INTRODUCTION

Solar erergy Lo Me enirgy (pom Hhe sum, which lasr o bigh 14t of replerisbment within o rdatively bort Time
compartd 1o e rate a1 which e enngy i being wBLiped. Solan ermal plant s 4 (41 prowing Tecbmology, wher
Yhermal enrgy 1 grarstid by concrtrating Hhe diret solar radiction on 4 [l plate aolan collector (Samlbect
Misbna, 2012). The gprowth and cbange in Uhe energy wtiligation sctor with T rlated impact on trwinormuntal
awarimers bave bd o te «tligation of rmmewable enengies cooling techmigues in Hhe lastl yeans will 4 [ocus on solar
wnrgy (Fareed, Auat], Yareen, & Molamad, 2012). With e sdvancemernt in tchnology and Hhe cormumption o
nirgy rsomces, e ned to wie vmewable rromcrs incrars. For Wis rason, & s desined o improve he
over comvertional (o1l fuel as 2 L inetbavitible and pollution [pee. Solan enrgy can be Dansfjormed nto termal
o1 decrical energy by e vt of solar collectors or plotovollsic pantls. Solar collecton, e Awice wud to corvent e
s 26distion To beal wually corsint of 4 wafface Hat efficiently sbrorks radiation and corvert Yis incident (lux
To beat which Wen increars te Temperatune of Hhe absorling material (Salas, Aguilar, Milin, ¥ Braga, 2012) . This
udy will be focnsing on wing solar power devign To power We sttam tunbine systom (Derick Cliosaabuofs, 2015).
The objective of Hin paper s To explore We importance and sdvintage of rmewable wngy Adwedlopmernt and
WW“W“WWMWWWM“WWM

(Alejandno, Clarkel, X Victor, (2014)) Proposed 4 system Yhat will comvert thermal enrgy inte mecharical enrgy
by means of Me Rardine cycle. The Ramdine eycle i resporsible for gnerating 8% of Uhe decricity in e world
&then by biomass, coal, solar and rucdear power plants. Not only id His project mot pollute Hhe ewinonment,
also lelyed by

dhowing people Wat Were are better, cleaner and more dficiont ways 1o grrate power. The main components which.
wll reguine e moit atterntion will be e solar refflector, and e actual stam engime. (Derick, 2015) Presests 4
neview of solan dleam engime greraton tchmology and bow 1 can be applied To concrntrated aolan power plant 4n
ilmoit all e power plart iation in e world Today wits Tuline eam gt To s and Turn griradon To
produce dectricity while moit power datiom wie To gmenate dechricity Wnoush ol fuels, which enid carbon
Aioeide and other pollution. (u wisbiwe, OWaK,VUM,ZO%)T&WWC%W%W«WWW
mwmhwwmwmmmw.nwmw4wmmw
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eningy which i1 scanctly avadalle comvidering te dlolal enengy crivis. The objective of e reseanch wan To erumrate
Hhe aolan wnrgy applications in warle heatment ss 4 way of glolal emironmentad protiction and urgy
maragemert. (Uiyagprafon, Golulkuman, Katlicheyan, Naveen, & Nikilaesk, 2017) Worked om 4 project 1o derign
arnd (plricate Tela-tunline powertd solan refpigraton, with steam as Hhe working [luid. Looking inta e potentisl of
e TELSA turbine 4o 4 mone dfficiont tunbine which will be waed in He energy comersion proceas, and W provide
refpigration to insccnsible aas of Ue covmry wol commectid 1o We rational pid. AU Hew reseanches are dthen
Tilling about wing waste or other Techwologies, bud our paper i Looking &l barmessing e enngy of Hhe wm 1o
grrate decric powen,

Materials and Method
The aystem consists of am inulated box painted with Ulack (pom nside. nside e box, copper piper ane [iHted in
ipes dnd coverned witl glass. Cold water [pom e reswoin untens e solan collector (copper pipes) and Hhe end of

collecton and sides He box with e solar collector presnt inside and Hhe s0lar enengy i1 absorbed 4n beat as shown

in Figure 1.

Figure 1: Solan collector

Thir caneses the it imside he solsn collecton o lecome very Lot and. 10 the water contained in he copper §i4es g
Leated v and lecome Liglten, The Ligltn waten (steam) [fows inte the slorage Tk i Figere 2 nough Wermoriplon
principle.

Figue 2. System [pame and storage Tank.
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Seleckion of Materials

’amm%WWWM,WaWWWWW:MMWMo{W
malnials,

Solan Collecton: Some of Mhe matinials et could be vae include coppen, gplvaniped nom and wild steel. Among Her
altrratives, copper o e best due 1o s Ligh hermal conductivily. For Uis raron, copper wan waed.

Glassing: Glassing i1 meded s pant of He solar collector To belp aid beating. For Wis paper, & comver glans was
wutd.,

Steam Tamk: The steam Tark s made whp of rolled galuaniged steel with Hhe inpide properly lagged 1o prevent beat Loss.
Frame/Stand: MlA steel was also wsed [or Ye (pame and stand becavae of s good weld-alility property.
Fundamertal Block Diagraom

functional, e vaniouws comporents involved in the cinewid ane included i Hhe Ylock disgpam.

Solar Collector System Steam Turbine System Power Generation
Solar || Pressurize . . >
> Turbine Alternator
CoIIectoAr d Tank
Catcher Y
Converter
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Panel
Pump
¥ Receptacl
eceptacle
Charged A 4 P
Controller ! Reservoir
- A4
Load
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Figure. 3 Block diagpam of the system
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Design Analipsis
The design analysin wars camied ot wiing e layoud of te block disgpam of Figure 3 whick comprises of Unee lasic
Llocks which includer Hhe solan collector systm, deam Tunbine compontrts and He power gumeration wnil.

Solan Collector System: A solan collecton Lo 4 device Wat collects and/or concntrates solar radiation [pom e Sun.
There devices ane primanily waed fjor active solan beating and allow [or He beating of water or personal wae. The wse of
Yhere solan collectors provides an altwmative [or Taditional domestic wattr beating and wing & water leater
potentially reducer energy costs over Time. A Lange sumber of Were collectons can be combined in anm ariasy and wed
1o grerate dectricity in solan Hhermal power tlants. Uerdan, Kailyn, Brodie, ¥ Jason, 2018)

Solar Collector Design Calowlations: The [ollowing parametons are wud (o e calovlation of e efficiency o He
1olan collecton.

Parameters:

A= Collecton Area (w)

F.- Collector Heat Removal Factor

I = lntesity of Solar Radiation (W/n)

T.= Collector Average Temperatune ()

T. = lnlet Floid Temperatine (c)

0 = Outlet Fluid Temperatune ('c)

U = Collector Overall Heat Lows Cofficient (W/me')

Q = Collector Heat liput (W)

Q.= Useful Energy Gain (W)

Q = Heat Loss (W)

T]=Caato'£mEWo(M

T = Thanmmission Cotlficiant of Glaging

o = Absorption Codfficient of Plate

m = Mass Flow Rate of Fluid into #e Collecton (Kg/s)

i Iumwwx@oﬂw&nmﬁoﬂ(u//mz),MMwawfﬁaw@&dmﬂwwﬂwwdmmea{A
(n), Wher U amount of solan radiation mckived by e collector La:

Q =TA s o)

There 4 4 Loss in solar nadiation due To rellection and absorption of rome component of Yt solar radiation on e
collecton wunfjpee. Thertore, 4 161t of Danmmirsion of We collector cover and e absorplion rate i1 added o equation
().

Thaws,

QUm TAGT@)A « -+ v v et )

As Uhe collector abrenbs beat, s Temperatine becomes bigher Wham e ambiont Tomperatine and beat i also lost 1o e
atmorplere due 1o comection and radiation. The 1ate of beat Lovs depernds on Hhe overall beat Darafer cofficiant (U)
and Yo collecton Temperatine

QO SULA(Te—=Tg) ***f vttt sttt i i i i (3)
Thertfone, watful enengy eetracted by the collector is
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QU= Qi_ Qo= IA(T(Z)— ULA(TC_ Ta) ........................................ (Q)
’ZMWWMWZ&WO&WMO{MWW@@WW&W@WO{WWO&
beat comied awany im Yhe (luid passed Yrough 3, Ut ia
QU - me(TO - Tl) ................................................... (S)

Due 1o the diffficully in defining Hhe collector average Tempratune (1), [t Lo corveniont To define 4 quantity Yot
nelates W actual watful enengy gain of 4 collector 1o He watful gain & Hhe whole collector wnfpce were a1 Hhe fluid
et Temperatune. Tis quartity Lo called collecton beat vemonal [pcton (Fr)

mcCp (To— Ty)

FR = ATL(T@) = Ur (T To)] S0t s s (6)
[I(ra)— UL(T;— Tq)]
The actual worfpl enengy gain (Qu), i found by mulliplying e collector beat vemoval [pctor (FR) by Hhe marimum
porvible watful energy gain. Therefone,
QU = FRA[IT(Z - UL(TL - Ta)] ........................................ (7)

Equation) is gemerallyy lomown a3 HOTIEL WHILLER BLISS equation
A measre of 4 [l ptlate collecton perfformance s e collecton effficiency (1) defined as He ratio of Hhe watful energy
gin (Qu) 1o He incidert solar energy over 4 particulan time priod:
_ Joyat (8
VTR R e P L U TR PR PR PR ERPRPRPRPY

Tl instardantons Hhermal dfficiency of te collector ia:

M= 4)
_ FRA[I‘L'O.’— UL(Ti_ Ta)]
= ALttt (10)
Ti—Tq
T] = FRT(X - FRUL ( L I ) ............................................ (/’1)

SMTWW I gneral, & steam Brbine Lo rolary beal engimes Yt comvert Wermal wmngy contained in
I&W%WWMhWW. ’M%WW,AWWW#&AW
grrator, Wnbine, conderaer, (ped pumi, and 4 varitly of awtiliany duices. The lasic oppration of Hhe steam Turbine
4 similan To W g Tnbine exerpt et W working luad L wattr and dleam inilead of sin or gan (Steam Turbine,
2019). Turbine i1 4 rotany engine Mhat comvernts e eningy of 4 moving shrtam of wattr, tleam or gas inte mechanical
nrgy (Mini-Hydro Turbine: Solution 1o Power Clhallenges in an Emerging Society with Albundance of Water, 201,
. Emansidl Ifodalo Obbucleghe, Ofualagla Godawil, 2011). Steam tunbine comerts 4 part of entrgy of Hhe sleam
a1 ligh. Aempratint and presnt into mecharical power, wlich masy wlbieguntly le corverted inte dectrical powen.

Turbine Blade Design Calowlations: The rquinement s ollaimed [pom restanch and s wectnsany becanae e tunlioe
Uade bas To be Light in weitht and 1o be 1otated by 4 velocily of We incoming team. 11 also bas Yo withotand e bigh.
Tempratine, Since moistne i wolved, e watnial i supposed 1o be conorion rvintind. e matirial wed [or Hhe
Ynbine Ylade Lo el and Tunbine caring i1 alumirum, There were chosen 1o rmduce Yo overall weiht, wtlbatand bigf.
s Temptratint snd pressne,

Nember of revolutions, N =1S02pm

Torbine Wheel Diameter, D = 0.112m

{slet Veloovty, v=38366n/s

Closer Inlet Blade Angle, 0. =12

DC Gunrator: A de grerator is an dectrical device wied [jor gmenating dectrical energy. The main [umction of Wis
dwice s To dbangt mecharical gy into dechical enngy. Thene are soumrces of meckanical enengy availalle sl as
barnd cramls, sl combustion engines, waltr Junbines, gas and steam nbine de. (De Genraton, 2019)
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DC Gemeraton compomerd

«) The Stator: The siator s an cssntial part of e DC gnerator and Hhe main [unction s 1o provide e
magnitic [elds where e cols spin. Thin includer stable magnets, where e of Hhem are reverse poles fpcing, There
magpils are Located o (1 in Yt region of The rotor.

¢ The Rotor: This i1 anm ersestial pant of e DC gmenator and it imcludes slotted inon laminations with dlots
Yot ane acked To dbape 4 eplindnical smatine core. Gunerally, e liminations ane offpred To decrtare He eddy
ant loss.

Voltage 12
Coment A

Power 2lw

Plase Single Phar
Power Factor 0.8

Torque 3143Nm
Speed S00apm

Figune. b. Solar Powertd Steam Tunliime Design Diagram

Figue. 4. Solar Powered Steam Turbine Design Diagram

Figure § sbows e solar powertd sleam tabime design disgpam. The principal belind e systom 1 lased on
Hhermoriplon dftct via capillany sction. A metal et Lo expored To solan radiation, We Tmperatine rises wntid e
nate a1 which enengy o neckived Lo equal To We rate a1 whick leat s lost [pom He plate of e solan collector; Hin
Temperatine o Tmed s e ‘equilibrion’ Tmperatine. The back of Hhe plate Lo protected by wood and Hhe expond
wrface of W (late ia painted Ylack and s coved by 4 comver flass dbeet, Wen Hhe wattr in W copper pipes gets beated
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o onnd becomen Lglten. The Lghter waten (steam) thn moves To W storage Tamd ffor aeleas To fire e Turbine amd Wan
grrate decricity via e iltonaton coupled 1o e Junline.

CONCLUSION

There 4 contimuons 2iae in entrgy demand in e world snd covertional [osiil fuel alone cam o Longer be depernded
on To meet Yis demand. Hence e eed o barmess remewable reromets (in o cane, aolin unrgy) To develop solan
Yhermal power (lants which ane tecbaically possible options To spply 4 sigrificant (paction of e world energy
demard. From e design analysis and implemerdation presented in s paper, we were able 1o wae

cormected 1o We vational gpid. e systeom 1 dfffordable and vwironmentally (pindly.
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