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T ] was ledal al 3 comitanl hoead of RN moe, neerks dameter of & mem and pavds -w-nuinngs
Mirokire, Pl jarbine distance of 150 mm. Qe collociod mchuded Plow mte md miational speed, which wene mad
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Fuanur dasnrier, Blnde amgfie munner damcter ol | Tem considently prosiueed the Mgho perfomndee, achicving 4 325 W

nifbine pewer and 929% m & uckel ssghe of IA0° The 170° buckes

ompericrmed the D80 and 150 acmas all minser dumeiors, with cfficsoncy increasing
e Bucker ol spprached TR, The optimal combinmion was the 170 mm menner
dismeter walithe | 70° bucket anghe. yielding the highes powor and of ckency. These lodimg=
provide empineal puidance for dedpnmg more @fTcwnd micro-hydie Pelion  ukenes,
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1 Inirodd wetion

The ghobul iremstion owand focuablc ooty his
irgensiled dwe o clessie change comcerms and Fowal foel
depletion. Hydmpinaes fosans one of the mod  eclmhie
rettewable energy sumes (1] Micm:hydeo power plants have
gainad allenlnn o paoy aling decentralizad dectricily 1o mural
and remale commurtis, cpecially whese grid eucmen s
econamising snicauble [1]

The Peinon wsting i @ impelic misse thal asvoes
wany poeniisl mergy inke kinsmic energy through & aozde,
puﬂp:-.tﬂp-vﬂu-qj::ﬂn:mﬂ:nh:ﬂrummﬂm-

Peloon mssines sre ssitahle for begh-head and low-Tlow
m:lium ofirimg simple condnuction, caec of mainioxm,
-H.lfll.bqluq- 10 head vasimmon. SWith opmsred peresery
“MMN‘rmmhmmuﬂ-m
o [¥]

Among critcal gesmetric perimene e alTecting byd rad
perfamance are umer dismeter amd  buckel angle. Bomner
dameter dtermines bucke pergphem| speed, which mest be
optimally muaichad 10 jel velooay for msomsum el iency.
Theorctically., maximues cifioency accurs when the speod @in
18 DA% ae0 A0, Hucker sagle inSusnoes the chisnge in momsahim
and eoe exeried on the mneer. Euler's tusbvine oqualion shows:
that manimim theoretical efficiency ocurs 8 & 180 deflemon
anghe. Hewever, in practice. anghes betwees 16807 and 1797 ane
wred i alow waber fo s the bockal prompy [4]

[hespiie dhe imporiance of these parameters, oy o
Cxpenmonta | myvestigiire cxamanng their combined cfocis an
macno:hpdne Pehiom e performmce remais lmmsited. Most
stodivs have focused on indvidual pammeter vanations or langer
wpdllen, The slerad heh Berae e nande T dlame 1 and hucke
has mot been comprebersively explomd  usder conmrolied
sondions | 5]

Thes somdy sideesses this gap by experimenally
investigating the ofect of reoner diameier ol buskol angk

it o micwchydeo Pehion mrsine perfonssnce. The
regarch mime & deveming she milluence of nuneer diameter on
fwrbing power and dllsaenoy al verous buckel anglbes, cvakbiaie
ihe effect of beckel angle acnms differen pnner dismeters, and
ientily i optimal combmation For miaci mum perfomsnce. The
Tl ane & xpo biad s prowis eeapesac el puidines For dosigrinyg
o e cken | e rechsdre: Pekos marbines.

! Liwrature Study

ﬂmmumwmmuirmh
e DEM, i & rype of Empulse inrbine ihan has Became one of the
ikt widely weed waler mirbanes Tor igh-head spplications. |1].
The Pelion serbine oparaties on the prirciple of convortiag the
mledhﬂﬂﬁLﬂm theogh & nacide,
whers the water caits i i high-velogity jet, This jét ten stnkes
apecully designed Buckers soanied on the poriplery ol o feiner,
waring robaiun [3] The chasge in mossenium of The wak joi s
il atrkes and 46 delladal by the bucho produces an sspulse
fise sl ffives the Fusner and goserstes ssechanical pows|1].
Teliom Tusbine
Thie key characicfpgle of 5§ Paios wshing b e the
enlire pressure dasp aocums inthe soezle, and te wiler pet sties
ihe buckeis b mimesphenc pressure] ], This makes the Pelion
Muibine parucilisly ssmable [ cosdhiions with high ead
irypically rangng rom 30 o over 00 metes) asd relatively low
ow mies. The senple consiruchon. sase of mainimance, and
high efficeency of Felion turbines have made dhem o popolar
chokce for miceo=hvdre applicsizons in mountainogs and elly

R [B].
mg:'—menflhluh:ﬁu depends on several
paramaicrs. inchuding B jo velocity, the bucket spoed. snd the

budia geomany{4). The effcimey of the urbine is maximized
when the bucket spead is spprosimaiely bl of the ol veloasy,
s described by Baler's narbise coquiion The mimber of backess,
ihe damete of e nmoer, and ibe angle of the bockes all
inPemes the ¢ Micioncy and porwer outpal o the ferbes [5].

Hunner diameser is one of the mos imponas geome o
pammeiers alfecemg Pelion urbing porformancci ] The mumnear
dismeney determmaes the perphenal spead o e buc keisata gives
roimtiona] spead. The o ficsency ol Pelion arbine & maximized
when the speal mtin, defned o therasio of e buck o pors
speed 10 the o velocity {48 withm the mnge o145 o 049 . This
condilion onwres thal the relative velocity of the water wish
regpect i e buckel i minimized when the waler cuns ibe
b, ssanamizing the momentam isnsfes|7 |

A pmualler mmnge Sameir rosplis n Righer mlstonsd
speed for @ piven ol veloory, whech can be shanapeoss for
maichag the lufing speed o precrer regmremimis. Howover,
& winaller diasiicr abai midugon B pibiis o wlach B Moo is
applicd, reulting in bower lengue Tor & given Feee. Conversely. &
lasper sunne hamcier incresscs the Wwges bl reduces The
T intiona | spadd].

Corseypoadng AUon st ez ol
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Previon exporomsndal stadies doree shomn chat smallor
rursser dimnctory nd B yld higher uibing sfhcmey  mad
arwed daalpiiil undd spedil comhibain This m anskatal b he
wpod milio boing ke 0 the Beosiical oplimen, alliwng
m;ﬁmmﬂflﬂhmﬁﬂh#h#

T bucket anple, deTmed as the angle trouph which the
wiked e e deflectad by the Buckel, B anoler anbical pamimetes
affsting PEKm batbhine porfomasss, The becket angls dirsdy
influenees e chasge in momenium of e 8, which

driormenes B fonte exieied on the hechel A g o
Mewtan's meend b, the fonee on the buckat = proportiossl 10
the swie of change of M mem| 5|,

Th chanpe tn swme s s masimiood hos the walor
a6 dellcesed by an argle of 1RO degress, seaniig [he waler kaved
ihe bucket ia the opposine direction 10 wiich @ caverad | 10].
Howews, m padics, § Tull 1R0-degee deflectan ia Bol
achievable bogmise the waler musl heave The bucks 1o make way
for e el Buickcl. Addifsonally, the waler sl nol irdéiion
sl ol i i oF ca ek e denaive splmbing Ul wouk] redice
efficiency| 7]

Tvpacal ket angles el in Pelton urkise design
mnge feom 160 w 170 degreefd] Rescarch Bas shows that
huickel angles chimer B3 170 degroes 16nd 1o prodece higher
.%&q‘wndu srraller argles. This b becaise vhe luges

resulis s grewier change i momenoam and osequenily,
& lesger Barpe el woqu e of e Fusnes [ 7]

3 Methodology

The eapenscn was condaied wath o consiem hesd of
1300 e and 5 consam meozle dsmece of [50 me, using 4
e disneter of 0 mea. The teining vermbles wens:

I. Runnerdismseter: | M0 mm, 190 mm. 210 mm
z Hascheen angele: 1307, 1&D", 190°

Each temt comibinntion was conductod doee imes, md
the avernee values wyre resorded bo emsurg daga relishilisy, The
daiw ool lecied dawing each e included:

l. Fhvw rute {menmsed using o Mosmeier in Liresp
2, Twbine rowstionsl speed (measuped using o digeal
Echonioter m RPM)

The prcedwre bogan by =hing the dessmal mmner
dameicr and buckal angle on the peodelype. The pump was
starsed i supply waier do the noesle, and the gate valve wis
adjusied o maintin the condand boad of 1800 mem, Omce Somby
Mir: comalitinns wizg schicval, the Mow male mud otational sl
ware mossired ssulascously over 8 one-minuie porksl. The
s wiers iepaiad Boee imes for caech combnaten of
e s,

@170mm

Figers 2. Rainner Dhacics 170 mam

Figare 3 Runner Diameter 1540 mim

22 D

Figare 4 Runner [Nameter 210 pum
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Figune 2. Insialfaiion of nnss and bisdes

LI Fquation

L. Benrer Boibonal Speed (Ush

To detcermne the smaer dumels, the fusnes
misenadl ool w B akulinl genyg the Sdlawmy
el

iry - = in

(15 Hummer poustional spoed (mish
d - Rumnar dismeter (mi
n R aissiad spead | R

! CroswSectional Area of the Waser Ja
The oress-sectoml ares of e waler ot at the

nose i ol rulased wsing ihe Tollow ing equation:
A= md T

W here

A = Casis-ssctionsll ascs ol e waler et (m')

d = M e Biameser (mb

L Flow Eate {1)

The flow mioe 15 the volume of wsier B actualily
stfkes the bucker surlice per secomd The fow mde b
ralculsted using the Sollowing equaton

Q=Axy 15
Where
Q P e (M)

A o Crossgectional ares of the water jot [ m)
W : Pl veloeiny (mj

4 Veloosy Tringle

L i5 — = W,
Dl == R
W _._'Ill'! ¥ a
N, 3
' # £
sl S [ P T -
i Vai

Figure 10 Pelios Tudene Yelooiry Tranghe Cyole

Bassl on the domeds s of e lighne batk, 15
buc ket mtatiom angles s obdained as 307, [80F, mul |70,
hascd o the lilerterei¥], The velicity tramgle snabvs i
pesfmmal using e Sollow ing oquaions:

V=V =l 4
"'u = ru - ll| _u| %
Vg = ¥y Lom = I (&

Whone

Vi ¢ Abssleic waler inla veloaty (='s)

Wi - Reelanive moe s vieloeiny b bucker at inlet wde im')
Vi o Indet witer] veles: iny {mfs)

Uiy drden s gemtil webowsty {(mah

Vi Absrlely walor oealict v ligily im's)

Vo - Relazive moreds velociny b buckst @ ourla sale

(M

Ly = Dhdle ageritial velaginy gmis)

War @ Oumler whue! vel peny | mis)

& Hucka angle (%)

4 Foace Acong oo Torbase (F)
The ksice dotsy o he hebese can be caloulaed

kg die Bollowing coisanion

Foop (Ve = V) m
Where:

F :Fore soting on the turbine (%)

- Waler Mow raie (mi's]

P Dhemsiny of woater {10040 kgim's

Wai © Inbevwisel velocity im's)

Vs - Ol whisd velocity §ms)

6. Turbine Torgue (T

Tusbing wrque is te twisimyg e pedeced by
waler Sorce om the rusmer radius. 1 val ue i caloulabed based
o e foBowing ot

T=Fxr £}

Where:
T Turbine Iomue (Nm)
F  :Fare samy on the lubine (M)
K Punner raddis (mj

Corscipondhng AU mi B omiing s ol
Them :
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T Aagular Veleey (o)
Asjala veloaily 16 the Ribme metional spead in

M ped second. b vahee i enloulated [

o = 222 |

s

Whire
- Angulerfasgond sl volocsy (raad’s)
" Turhane rotatign | R

£ Ihdrmdic Power (T
Wl potemizal power B the mopy possresad by
waber dug B gravity, Tl raie, aesd waber brad. Thes valug
dencribes the erirpy availabde el loses oovus,
Wil randss parweer B calou el using the Bllowing oqusima
R=gp0H (L
Where.
FE) - Water polesiind power (Wallh
G Chraviamions] seceleration £9.81 mid)
" - Densy of was (1000 kghe')
0 Waler Dow rate (mVs)
H . Heml i)

9 Tighine Pawer ()

Turbing paswver is the mechanical poveer proshs ol by
the turbine basad an ke and angiilas veliss iy, The pames
valug i cakculaiod with

P& T i i1l
Where
B, Teibing power (Wam)
T & Tewqus jPuss

0 Asguler velsdily (ral's)

e g, S

Tuitine allacaney ik Behiesn the Tuibing
poewer produced and the oml sslable waler powes
Effagwney v -copiosacd wilh B agedson:

== . 100% 123

Whire:
] Tharbing elliciendy (%)
P - Terbine power (Wam)
I, Walew povwer | Walt)

12 Table

The expermmemal ievang wis oondared 10 cvaluate the
perfamance ol the mick-Eydeo Poloe nebine under varmas
comisnaions of mnmer disseer and bucket angle. The 151 wis
perksmal with & comaant heml of [RN mam, & noerlc Mameter
of @ e, afd & noerle o -nenner disanee of 150 mes The das
colleciod durmg the expenments inclsded fow mbe (measired in
Lu1uuummmmqwmunmh5|ﬂn:
combinmion win comduciad deee times, and the sversge values
were calculmed o oemaure das relalbulny and  sesamlee
Expenmental emors.

The complete revuls of she oopermaensal testing For afl
varlions of sernes disseter (170 mm, 190 mim, 200 ) d
tucker mnghe f L5307, 10F, 170} are presested in Table 1. The
tsble b s e fiw Pate and wlatonal specd s geesls i
eicl des combinanion, along with the mverage values calosiaied
froa three repeated measiremenis.

Table | Tea Resahs for Rusner Desseier anid Bucket Asgle
%

i L7
Y b
: : L 1 il
e ===
[TH T
it ]
- LIE]
ol B - . s
IF_ Ll _}
" - -—E:L'
Eipjets | [
i )
] |93 | - -
[T ]
T 75
T 271
|
| am ja g ftRE ] s A
™ - i
il
= e e
i
TH 1T
b i3 5]
Eaini | i
T
a0 | i
e
T -
e [17] :?
[T [

Aa sbnwm m Table 1, the low raie remained constani s
1765 Liven scross. ol kés] vanation. This Sonsadcncy’ oosfifms
that the esporimenial sctup successfully mainkingd & censani
ol | KIHE iy, resulting m 4 siable Oow rale repediges ol the
munner diameter and laecker angle wasations, The comisnl Bow
male allows for a [sir compasison of berbing perfommasce acmss
different purameter combmalios, & ey diflfoees in o
aimpanl ntel efBciency can be anrdaned solely 1o the vasations s

tamcter i huckt g

The retationsl dain preseaiad in Table | reves
eclear pierns. The highod mifional spocds woiw commislmily
achasvel] with the amallen ssoncr dissscter [1T0 mmb, reaclsng
e 321 RPA o o buckel angle of 1707, 10 conaner, the bergest
runnet dismeter {210 mem) prodhuced the bow ol rolalions] apecds,
with o saussm of 240 RFM o 6 bucker mgle of 170° The
miationga] speal alss incroascd with sscroaming Buckel angle e
Al purset dismcten, mdoang i the bucka anght b &
aipilce mfiuenee on he werbees mimssnal gpeal

L] Amalysis of Calculation Besali

The row daia obtancd o e eperssmis wise
procesced using e oqualione desribed in the methodology
section, The caleulsives incladed deamuning the Nowe rals, kI
velocity, nmane periphen] speed, tngontial Tore, orgue,
angalar velgdy, hydeulic powsr, darteng poreer, and hrhing
elfickney R cach Gubmation of nisner dismeta and ket
angk. The complc resubis of ihose calculations are preseni ol s
Tahls 2. which providies s compredemayve overneu of the hishing
perfmance for all parsmscter s piions

Widuama ¥, Sauber |, dsne 2000 Camapondsag

Amdbrr: glihos 1wty -ahy g 2l
Tea:
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Tahle 2. Calcslation Results for Turbine PesSormance
Parmasas

Vs
[EF Y il El
lhomd | foh | Chmater | Sod | e | Takh
vl Bl o i | owi it
W | 4 5k |
o [T emn] [
™ | A L
.. B
sk % FL ] 5.4 1
= ._-i.]_.
W | 4 [ ﬁ. ]
da [Ciw | e -
£ FNH 1
4 Discwsion
Effect o Runmer Davmeter nnd Baocket
Angle on Terbine Power
&
A%
T
- d
E A9
E 44 L
E aodaAI?
:
=
. l
1
2l T mm i Wimm &3 ioimm

Emner Phameter (mmb

W Spdul W w ek Sele e ® i Sogds |0

Figure 11. Effecs of Rarner Nameter snd Bucker
Angh oo Twrbing Fower

As observed @ Figame 10, the highost lurbine poswer of
A28 W wae acherved with the eeallea runer dismener of 170
wram 6 a bsckes angle of | TP For the 170 mm nunser. the turhine

power moreneod  ogEesnecly with soroasing okt anghe:
-U-ht Woar 1405, 4713 W al 160", and 423% W ar 170, This
repacecnis an impeoveesord of approvimaiely 36% whon the
buckel sagle was ingrowsal fom 1307 0 1T0°, The same troml
was ohserved for the 190 mm and 210 mm nener dismeters,
whire the mestmem powgr opfputs of 4450 W and 4,130 W,
repectively, were sl achieved o the 1790 bocker anglie

The dafa clealy demenstraic thal smaller sumner
dmmctois Commmbcrily poghsis higgher pimasy dulpats. Ab a backst
angke of 170 the |70 mm romner prodecod 4825 W, which was
T.5% highet e the 10 wrms rursiar (4 4900 W hand 1 7.1 % higher
than the 210 mm ranner (4. 130 W This pamern was consisient
acroes all kel srgles, confinming Sal reducing & rumngr
deamgicr mmpmiets power posersiin capabiliy ender the lesiad
o

T sapeion poilininance ol B 1 Thmin funser can be
attmibepted i e gpoed i Batwoon the nanssor pernhonal spoeed
and the el velooky. Af a head of IR mm, e hoorical pal
velosly i approvemalcly 594 oy, The 170 mes munsr of 171
RP&E bas a ponphoral speod off 2857 mis, yiekling a spocd ratio
ol 0431, whigh s very clise 1o The Theonits el optimums range of
4% o 042 This opimal speod mbe s oficimt
mossmium tramafer Tross e wolar jol e The amner, resultisg in
gy powercaipt, In contrast, S lasger nenner disssetors have
spoed rabios B deviale Bsther Bom s opiinmem, fesuliing m
kew clficiont chorgy cosversion amd lower power outpuis, The
1540 mm murser a8 277 RPM has o pecpernd spead of 1736 m,

viclding a spond ratios of O 464, while the 210 mm nimeer o 280
RP%E has a penphem] speed of 20348 ev's. yichding & spead muie
ol A4, As the speed ratio moves away (rom the optimoem renge,
ithe elMiciency of encrgy imssfer decreases, which s reflaciad is
mzhmmmuuuhuwdh-:hpumu i mariers,

The impeoveseni in hwhne power with increasng
bucher angle i comsitent with the momemem dhange principle.

A the bucket angle increases from 1307 10 1707, the waler jol 15

defleciad & larger angle. resuliing in o preater change =
mserwan A, cooading sa MNewton's seoond I, the e cxened

on thy buckol in proposional fo B rale of changs o omanium,
Therefoae, the larper defllaton mgle produces & groster force om
ftht buckel. which translaies {0 higher fonges and, consoqeaontly,
igher power popat The 190 aagle provides mearly compleie
reveral of the wwior (ow decciios, resuliing in masimies
mmosnenian trarader (un the waier [l i the numacr 5]

Grafik Pemgaruh Diameter Runmner dan
Swdur Sudu Terhadap Ffisseed Tumbin

B L]

'II #"

li

=] a2l

17,78 T3

Elm et Turbes 5

=

L T I T ]

et Sl Hr ® Sodun Sandu 1007 @ Sialal Sodia 170

Figure 12. Effect of Burner Dismeier and Bucket
Angle on Turbine Effiiescy

A alaowa i Figaee 12, dee Baghest nirbine ¢ B leney of
92 9% warh obieved with the 170 mm nunne dameter @ a bucket
angle of 1T, For the 170 oo rumner, ¢fcioncy moreased
iprogrecdyely with iroreasing bucken sngle TR0 an DR, 90 9%
b |8, med 9249 ai 1T This represens m impsevement of
45 percentaps pownls wben e bucket afgle wis inctenwd e
150 e | M. The same trenad was ohasrved for the 190 mom and
210 mm rumer diamcier, where the masimum efficeenoies of
Eb s and TV regpetively, were also sohoeved o e |00
b angle.

The dals chady demomimic thai smaller ruoner
diameters consistemly prduce highe eifficiencis. At a bucker
angle of |MP, the |0 mm renner achievod 92 9% cMicmey.
witich was b 4 percentage peines higher thas tie 190 mm runner
186350 and |Lé peentape poinis higher than ibe 250 mm
munper (79560 This paitern was conssiom acrems all hucka
angles, confinmng thal redecing the ronner diameker improves
tarhing ¢ Msency endir ihe fested conditoss.

The sopenor eflfciency of the smaller nunner diamete
wan be enplamad by the speod e bomg closes sothe theonds:al
opfmmus, As provously dsusied, B 170 men munner ks s
spred raiio ol opproumasely 0431, which Bills within the
hivctical optinmes regs of (45 o089 [4]. This optimal spord
raiis minimires the relative of the waber ax il exns the
o, everemiring the kinelic oagrgy fransfor from B j to the
munnee The 150 mm renner, with @ spead ratio o sppoximacly
fAddd, and the 2100 mm nmsr, with 3 spood eEo ol
approximatihy 48, dovatg Rarther Trom By oplimmen, resalling
in ket elliciene e

Corsciponding AU s B wiing 4 s ol
!H|
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The wmpresement in urbine oflkokency with incroming
huckel snghe is als comadent wigh the momenium fhings
principle. The lamger delachim anghe of the 1707 bucka faults
in & greater change in mommbes and, cossaquently, & langor
T omi e rumnie, This grester fonce translates o moss cfTootive
eneTgy comvanion. & 8 keper proponiion of the wale's Einctss
gngrgy 18 ranslemad o i rusngs vesdead o being lost as penuduall
hfatie cSeigy i e ey watee The 1807 Bucket, with il
wsrmaller dic oation sngle, alens mong bne cnengy W0 s in
ithe wiler as if heives The bucke, repeeianling & ks thal mdutes
wverall elficicmcy

The c@icsmcy v alucs chiainad in this Sedy, pemscelary
the munimum of 920, desson deate 1he eellen perlinsance
poiemim| of micre-bdn Pelion tadises when optimisad for
aperific epordling conditionm. Thas high sThciency n fonstent
with the theoretcal mavimam elficiessy of Peloen tuines,
which cas gacead WG whbed aplimal dondbomi. The shghtly
korweer efficveney obvaerved Mo the larper nunser damaens can be
aisbabal 1o the specd el deviatmg Tromi the Bhadebual
apessiin, Fesullig in ks elfPolzve ey donviaen anl lighes
i

4.1 Optimal Parameier Combination

Buad o0 the comprohemive amdyss of ebine power
amd elficiency datn peesnied m Tabde 2 and Figeres 11 and 12,
itz optimal conbeation o perarmeers for the bessod oond itions s
the [T mm perner dameter with the | 70F bocber angle. Tiis
combination achicved the highes b power ol 4 53 %
the higheu efficeny of 929 The pofomnce of dus
COMBNAtoN was conssenily supenar o all other combaations.
actiss both power oulpat and siciency mewncs.

The optimal perbemance of this combinalion can be
aimrited (o two key Bactors. Firsd, the spead miio of dhe | 70 mm
mumser |8 closed 1o the theorstical oplimiss, enufng cifien
mosmsmnm wansier Seomd, the 1707 buckel argle provides
- i s deflectaca ol the warler jo, revulisg in o
moasnum change and fbece o the nmner. When thess twe
condiions are mat simu Ranemmy, the irbane oporaes sl s peak
efficiency and power darpul.

The efficiency vafues chtanod inthis sudy, parmcalarly
ity maimum of DL demonsalo e cooollam porfonsancs
il H:'-lm:l-h-dru Pelon worhises when oplimized for
s ific m condibomns. P vioas shelics have shown thal
Pedon merbese clficiency oan excesd WP ender optimal
conditons. The high eificioncy schieved in this stody validates
het Bheomirea| principldos of Pelon furhess oporaiies and confimms.
that the experimenial seiop ond pemmeter varisions were
appeugeiaio for achigving near-optimal porfornmands,

% Cosclusion

Banad on the exponmemial rescarch resulis mnd diga
analysis on e elfeo of nmns demecer ond bcka angle
vansioas on the performance o micre-lrdm Pelion narbees, the
[ lowmng oonsclusons can be drawn:

1. PRosner damster his & significam effxt on trhine
performance. The smuallest munmer diameter of 170 mm
oomsnionily prsluced the highed hohing powsr ol
efficiency scross ol et angle vanianions. Andhe optimal
ormahtaons (1T bucket srglek the 170 mm mnner
diameter schieved 1890 W mrbine power md Td9%
efficiency. cuiperforming e 150 ms diameter (5,750 W,
TLI%) and g 210 men dhgmier {3,592 W, 60 2% ) This
comfinms thal the speed et of the |70 mm umner is
chosemt, i Ehe theosetcal optimuam ol 0045 o BT,

1 Packer anghe hs 5 o3 izt om  fugbine
performance. The larpes bucked mnglo ol 170" constsiondy
prosduced the highest Serbee power and ol imey scnms
sl munner dismeter varistions. &1 the optimal conditions.
{1 man rumenrl, the | TP befod angle schicved 1R W
narbine power omd T8 %% elficiency. outperfoming the
160 el €0, 18 W, TH 3% hand the | 30° angle {1,708 W,

Tha%). Thiz confimus that &oflscton angles appmaching
130" maximiee samenie chaage sl turbine eflisengy,

B, The comshination af ranses deescter ol beckel sngle that
produced e besl udine pedormance was B |70 me
runner dismeter with the 1M bucka angle, sthieving
LA W turbing powor mnad T 96 eflicssicy of o hoad ol
V&MY e, o by s 00 ) 540 e, gl e s dliameien
ol 0w, Ths comdnilion provilde the optimal specd
ratics aned manimaem memesium ranslor, resultimg = poal
huhane perfidiangg,

4 The mior isn brbwoon mener Samcker and bucket snglo
when s thil the perlivsmne wprovement e increaisag
the bucke angle v more ponsoed fin smaller ume
dhameiomn, spgedng tha this o paamecrs work

rgistically b masimise b perlonsane.
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