
Tarbine
device uhch Conyon3 hyelno Powea deviceT70 Ahaht poves

Clasijicateon-
Aecoundting to ypeype enerY nlet thene ae
two ypes tusbine

aTmpule 7usbine

At in lef of tusbine kinatic Enengy waieduateravailabLe

Pellon wheel Tusbine

(6 Reaction uzhine
At inlet

pregzufe
tusbine kineic eney a, Wel
nengdwates water 18 avallables

Ex FranciB Tubine ßaplan uabine
Actondlin
our

diechon o fln thene are
to

tusbine-

) Tangential Flow Turbine

)Axial low Tusbine

Raliallou Tusbine

aMixeod CRaolial and Axial) Alow luoine
(dy Mi



(Tangential Flow lugbine

the roller tangential tpWater Stri hes

the porth rotation Othe noles

Ex Pelton wheel Tuobine

-Bvehei/
Vane

Runnes

Shaj-t

Nozz Le

b|| Axial Flo Tasbine

hWeterLo in the direetion panallel to axthe tunbine'i
Roto

Exnopetox Turbine

(CRadial Flow Tusbine

hWates lo in the nadial dlincfibn thongl|
the unnes



Tt devided in to two pez

Raaiolly Tnwandflous tuzbine

2 Raols'clly Outuarl Low burbine

1 Raolially Inuwandflons Turbine

Comeng2om autziole or oute pefupheri
movch

Wates
ing ide

Ex Fannci/uzbine

Radially ouluond_Low 7Lerbine

hJoter 3 enfer at a Center path and water

| lousing

ExFoorneyron

ti

pJanals the outwana eczion

Tur bine



(dMixed (Radial and arial)Flow Tuzbine

watey Flous
ourection
Panallel

through the nunner in the nadál
Leaves in the ouecfionbut

to arig3 notafion

Ex-Moclern Franti3 unbine

Acconding to wnter heod nd nhitysnte
ivided info toee types

Acconcing

Hyh head ano Smtll quanfty of wafer flow

Above 250 M heaod

Pelton Wheel ubineEX

(bMeocum heacl and
watey Low

Mealium uantit of

60 to 50 m heaa

Ex- Moolern Franeis turbine

cLow head ana dangy guaintly of wafer flo
Bel fom heaoo

E-Propelar Tobine A
koplan urbine



Accondi'ng tothe Spayic Seepd Tubine

Loo Specihe Specol *

Specife Speecl less then 60

E- Pelfon heel fusbine

C6 Mesli'um peciic peel-
pecipie Speecl Go to 4

fusbi'neSx-Franci3

cHiyh Sppe Speedl:
Speeifie SpeedMores than 4o0

urbine Grass end
LEX 7Head KaeeExKaplan an Propelor

Stotic
head Coging

engtock

Buckel/
Vones

Kunnes

Speat Nozzle
Tatl tace



Woskin Principle and Congtruct ron Pelton
turbinewheel

The Ppelton wheel tusbine aa tangential
tusbmelow mpulse

Atsikes the buehet along the-The wates
tanent the Lunnes i

The energy ava'lable a intel of tthe
3 only inefic ene'tusbine

inlet 9fhe preggue
he tusbine

available at the
ody anot 0leroftheatmospheaictusbine13

uzeolho heih horal ,

the neserves Louws thrathe outlet o hich a

The turbine

The water
the pens tnolsep at
nozzle 73 rtteol

fuon

inenease8 the 'E WaterThe nozzle
following through penstnok

At the out let nozzle
out in the from 9 the jet anal 13

taikes the bucheé Cvanes .he unper

the wates Conmes

the

The nain porrts o he pelton hecl tobine=

2e



CNozzle an Flo negodating Qnnangfement
CSpear)

Rune and bucke

i Cas ing

w Breaking Jet

|Nozzle and Flo resulating anrangement Spea)

The àmount wates3tniking the buchefs
h the nunne iscontroled by proviodingthe pear n the nozzle

The. 8pear 18 a. Conical Deeclle thot13Openotecl
qutomatically in

erther bya hand wheel on
anarial oinechon

When the 8pher 13 pusheaoTward intothe nozle ohward ntothe amant watex 6trikingthe 3 educe
Cnthe

pusheo batk the
9taik ing the unne

othes hand the 8phed kamaunt
ates



Runne and Baehei3

TE cons igts
peruphey

of a cicalas dse 0n the
which a numbes buekefs

are ireol
The Bhape the buchefs a dous

hemi3pherical

Each buthet devideol
posrt3 1By a

Cup O bowli

into ßemetncal
deridiog Wall hich 13 kneun

a3 spletes

ash Baahet She Ppl' terodevides 1t ihto
pants ana thetwo e ual

at the ate ece o
Jet cone 2t

the buehket

TheThe buche ts ae Bhape. in3uch a uay
that the jet getsoifleefead thvasghs
0 170

buehets

CastBteel, bronze or 3atnless Steel
depenodsng po the heao at the
inLef sof t the tubine

maole CastonThe age



cCasin
the CoLgtn to prevent.

waterhe funcfron

the
olizchange

gploghirg of the andto
to tailwafes

It al 30e Tuanol againgt
acciolent

T maole up Ca3 t iron onebnicahd
3teelplateg

The Co3ing the pelon wheel does
nofpenhoom any hyodrolae netiorn

ti Bneakin Jet-.
the nozzle

O3pear
irection the amount

When
by the move in ?Letely,clogein thé onwaro

o wafer 3trißing
the nunned neoduee8 to Zeno But the um
olue to inentha goes On TevoLving o alonfor alory
time to 3top the unner in a hont tma 3mall nozzle 3 provioleol which ol'recdsa 3mal

the jet e wafer
Vanes Thi Jet O

breac5 jet

on the back D the
water 13 Colled



STEADY FLOW Whase

at
pILopenlres docBn't chonge

to time
V Mctual Abso lude Veloei

VE FlonVelority

ay Sectton ue'th Tipeet

V whirl Velocity

Wheol Veloety = 1t notate the Totorthe

D Mean oa
wheel oaV

Ú Bueyeh Speed

taduius C)

r2nTN
60

ADN60s
Torque Rate harge o tangen ta angulo

Momen tum

T F.r



F )T T:2 Final Inibal)r
T M Cg-Vor

Powe Tu
m V,- Vd,)» TX=

npfaerm CVwu-Vwuy) s CFinal-IniHal

Ln harbine Case.= /Pwes)= mVu, 7 VayUa)

LTnctial Final

VVZMomen Éum
mv

Turbine lt Convent hyolro

mechan'cal Enerf
powe to

It EnerdConvent nechanicol Energy to
hyclno PoWe

Relative Veloety

V-5mste05 V 15m/s

15-5 1O

15/m/S



Veloce
In hngle

V Conoliton

V- Flon Velocu

Vw Wheel Velot

V Veloce o elrs
Tangential ForceActiný on the wheel

Poue moV- Vw a )

Per T
TongueCT) = ft *n

P t n x

Feu m Vo0- w,u, )
60Lu u= u2Fe m'uCwy- Vwa

Fem mLVw-Vo,)

Dischange throcgh Nozzle

Dia 0h jet td)
DsehagyeCa) . Axv

No o Nozzen
nxd'x



Tncang le

lao eckon
hdibion

b

3Posstblty
Caße L

V-,

Ca3e

VV
or

VW



Caße-3

V-

EyoieneieY(n)Tij the natio the usehul hok

Pernonmeol by meachine

Gut Put
In Put

Nozzle Eeneier
Blading/DiogoEienai
3|HyodrouLi Epienti

4 Mechanical ent
Nozele Eineiey C

H ydnd
POuWer oT
wates rwex t 10

Hydbo Prer lh8 anolrE mv 2



tut pu Speci keght2 My2

In ut SgH
mv,2

mu, m
QH

BLADING/DIAGRAMEFFIENCY(b

OP
p

Po wer DevLoped by the nunner

Kinettc EnetagY

mv2

In Max Efrèney n. 2(wt 79/1
In Secaund

Blaole Conehicent f rintatinCk2

V-Vo

VVh,
phen Smo th Suoate (}1/

V



Vr V-y

Vn KCV-)
In thi3 ruaht Angle trasinglay

Vrt

VnCo3pz twz

Pt it in Tnwe 0
Maximam Pe in the Abzake B lasl

P 3 Cit V Co3A u)u

CV Vr,co32-u) Blao Spuusl

ratio-C)
V

Spred or Nozzle
Velbrt

V2 V2

2Ct)
V VI2- 2C1+Cé )

, Derivatve Max 0 m numum



d
d-12)

C1 )/1-2P) 0

Put Put the value in RI atIfon

ft th (of P)

R)CITKesh)
CKopA)
I+RCoP

K Smonth Susfare

l, , then tKcas CosP2



Hyolnalul otienec
Runne Pawe
woter Pawe

mCVwnur t Vvau

JFWe Conside,
G: Aogle of difhbirK'E Faunneaere

rally P:15hP
PnunneY n

W.P
We Consiles

Iwe neLaking. 2 o Frtiones
then, b h
MechaniaL Ebtieney

p hapf Paicer

P Runne wev

OVerta Eon a a Body!
Calulating

NozzLE5

P

P



Overal Eeney CN.BS0 No)E

PP2P P
.Nr we Pu Plton wheel, turbne

2mv

uVw,6- Vo.b unnex fouwer

mv2
Shat Poue
Runne PaoeY

2my2
Shart focoe

mCVw,Vw,)u
m

overna Eten
Kunne rer y ShaF PrweskE

E Runney uoer
Shat frser
ater Pouwe

1I Congioe i 3 Possiblety fpoine

ICoe

CoB0h
V2 HeaY u=

YVa: V£2>VCopo =u



INAIo Cae 2.

V

Coß- t
Vt

10)7

Vnp=UgtVo2Ve

In case 3

V Vw

PO H LO

N

ŽVw-



Ovenuie th lelton Wheel tusbine

A Pelton wheel
+ i3 a high head, Low

9Peic 8peecl

ot In let

fusbine. 3 aimpulse fusbin

Digchore. Lo

la tuwbine A which ho3 k.E

Runner P o Pave P)
mVy ly- Vwzu2 TDN

6mCVw-Viwa) u
D wheel Dia

lanenhalonte acting on a wheel

mvw-Vo

Discharge thmgh Nozle. Ca) - 9xGndku

NO O Nozzle
o Dia o Jet

u -At intat 0ut le
Vr7 Vrz

u VdVr
Blaole Co-eiesentofVt

V KVa, richbn
when K Smoth Sufacthen



Blade Speed tatiolp) -

1 V,=Veloey at hlet

hy we Caltulate iency?
>A+ Becauze we5n0A7hemachne penkovmenee)

Tn ellon Wheel tusbine Bome Pnoblemp

froblem No-1

The buctet speaal opelton oheel tunhine. 15S
the rade 9o
i3 1ms T the jet defLectead 1t5 Find

uwater unde a aad of 42m

the anc hyolnaulic e}HCieney o lusbinepauer

Take
Cy 0:985

Cniven Data,-
Bueket SpesolCu)= 15 Ns

Pouver CP)-2
Henol CH) ="42 m

Disehare Ca) = 1 "3

Ape p) 190 160'-15

15°
:0 q85

V C.2gt o995)Vax8ixu

2827 ,we hnr that//=Vu



na&3 nateCm) fav av
Hesr oden ensit= 1000

600 x4 =
l60O

V - 28:2 15 =13.27%

VrCo8 f2 = 13-24Xca3O5) 1281

Hea

vao VegCos

V uVrg CoB2
15- 1381 =2:11s

uwe mV V )u
loDo Cas21-211)15 V-

- 391200
311200

1000 31a Kw
Hydnolie Ehinty Cn

RPnves 391300
wader lhoe 0pox 9-81ä Lxua

he Paused 3912 Kw and the hyolrol

0:q4947

hieneyi (N



Paoblem No-02R
turbine 13 to be odesine far

Pelton wheel

the holloakin 8pegieifioi'an; -

Sha P'orwe S:P) = /1712 k)

HeadCH) 38om
Speeol CN) : 750 P m

e
to exceeol 0 theOvenalL at 86% and jet

anol
dubmeler, 1 notno
wheel diametex 1Delermine

the jet apo number
Wheel oliàme tes,

numbe
Da
Nozzle Ttegwrec

Cciven Data,

H 380m
N: 150p*). d 9?

d DCv: 0.985

V= CyV284 0:985/2x98/x3Fo 505 2

7 0-45 U 85105 X0 45= 3827

We kneu, u:TDN ,CO

733-27 TDX750
60

7S2 1 X60 : D D : 0:97m



Tn 9uesio) d:eD
x 0-97 = 016y

We kna) fhat
Sha nu)e

Wades Poue
/772 xlooT

86 11772

00 Ioxy.8/*380xQ w 100 Ja0D X9g l X38oX

86 x98ix36r 171?x 100

7 71772x100 367367
&6X981*3 6

ise hange Ca) = 0x y ol

367= N4x (o-16)*356

34 nX x 0-0356 KS

n 3'6710031713

214 2

wheel Dia(D)= 0.97

Jet Dald)=016y

An o Nambes: oh Mumbes Req useal -



ALLunt the water 'schor

KX x"xm
/M3xx H

J: k
S2 S2

Jula: Wat
Sec rWatt:Jaule

13

FroblemNo-02
7D0 jet 817ike the buefeis Pelton

wheel which i3 havting 3haftPower 9
15450 k The. cdiamefer

the Headl on tusbirie
each jet 32r0mm i
3 400mFind the

Ovenal Epieieney Take Cy 1 Un

olution- Ghcven Daba,
n

S-P: 1545D K

d 200mm
02m

H y0om

Cv 1

V l2gH 1/2xa-8ixuoo 8858



nx xd*v,

3*x-2 X88-5

S565 /s
OVenal Eboney Cp w.P

S:P 154 5DxLOTO

O0DX9 8!xS565 Y0D 0F0 F075

Problem No-04
A Pelton wheel turbine

a Pen3tnoke weh a

/3 0 gnoss head 1g logsed infthion n
13, necrevtng

no33 Vhead. af 51on
Jate

the pengToke h rate ofo thnsugh the
nozzle htteol at the end o pen3troke
3s The angle , oeflechbn oh jet i3Ano 045365A Defemine

C)The nwes Gieven thethe water of fhe
Hyalnolie fieneie C)

Solukion

Gitven Data:.
Hg 510m

:2m/s
-180-165 15

Net heael (H) =Ganess tead a)-(H¢ Fintn



H510- 3

370-110
340 m

m
V:Cvl23 H

2-2 ms
000-r@v) PrQ# 5x 23 4220

,We Kn buchet Speer tatiolI)

V

04S
-Vr

-V V0.45x g167 =

u-36:75 s
Zn troinge Ve

tVre =V

816 6:+5+Vrt Vw
Vry g1-67-36 75

44.9 s
Vr-V

Vnt Cog Bz ut9Cog Ci5') 43.37



mVw,+ Vw'a ) uL

OD(36 73) 88:2

H32 74562
Prob lem No-05
The goloung data where obtainrvom a basedL

wheel heal at the base. Noze0n pelton

3m Di3change of Noz2le: 0-1" and a?ea

Oef7500nn, shaft uweyyhu, Mechanuca
}herene 9Y T Colculate the Prwer logt-

CIn the Norzle

and

ECt

Runne frtoet
Mechanical. Frichon

ouhon:
GcveData,-

Q 018 m
2 3Anea 750D mm H500 7:5m 7:5xID m/oDD

S:P-4 kw: yyx10gDh
94 94

/00
H 32m

(VCw 23H hi mula ig not
apLicabule in thuz

0
proces

hWe knb
018 7:5110V



7V7-5x163V

p:18,
Powse inlet othe Nozzle

w.P: ga
10 00X I-81X 0'1FX32
56505 6 W

565056+ 1000-56:50 hw
Pruser outlet t the Noz2le

KE mv2
x1go X Y)

51840 : 51:8YKW

Prwe Log+ in the. Nozzle

WP-E
= 56 5D-51-®9 = 4-66 K°



RunneRunnerat in let 6'€ 5184

at at-lost
We Knad that, S:P

PR

y4XlouD

IR 0
44x 00DXOO-46808-510 k

Pawe Lost tn Runne
e K'w-R 51-84- 46 8n5 5035 K

ower Logt in mechanical Fvchod

4680 49 3:805 .w
.Prwer Logt in Mechanicalfnchon=2Po5 h

awe Lest in Runnev 5035 Kw
Pader os in Noz7le"4-66 K

CAng)



ProblemNo-06-A Singe jet in pelton Whee turbine

Teu to deviope a SP O10 M the.
heaod a he Nozzle. 13 760m ano Mechanical

ethienei 0:45 n=*8t)*-15°, Cy: 0.14,

1

Vr2085Vn 1 Calulae
:96 GV iD Fone Exted on the jetUDiBharge ib Jet dia

Shruinkomus Speeo for the generato at 50Hz

iCoresspenodt'ng mean la of hil o jet oliid DL=101
Soluhion:
Griven Data; -

S P 10MW y 0:97-

V2-0 85 Vr
n sor

F60m
m 0 95

h 8
P2 15

V V-y- 1g4-5446 =63 17 %-

V 0 85V Vnz 0 K5x 63 -2S= 54-349 s
VzCo8
54.3yqco315= 5. 49

,. USVaa Cosb Va N

Vr
VaCoge - Vw2

VwV



5y y6- 549:1-17
We knnd thak

P Shaht Paue
)h= unnene m

woter PrudeY Runner, Paues

SPn xm= P
0 95 XD 81 ox16

T 1to0ox 9 8I xQx +6D

x0:95x0 B5K I60Dx28 IxF60 « L6DxSD X1OxI6

3.
0 15x087 (OOVX9 8/ K}60 l639

62 # TAg rd2

27 62x
IXTtI. .M:90

16oDX I62
1620 g.d 013m62x

Fce Exeptee on the ekCf)

mVw -Vaw2

1630u?4-19)
88616 19 8616 Ku)



ACTTA3

, 31D D 1Dx0l3=i*3m

TDN

TXI3AN

-
54.96x60 Txi'3XN

N4 46X60
TXI3 802 72npm

Fovn Electrical Ergineer

120E
20x50802 1

P 914 E 9
.Marimum peeal C RDx50

2 CAns)
3r

T 5



REACTION TUREINE

Reacfion lubtnes oe
Tusbine

Franei kap la)

ranci lozbine

TusbineConatrucfion)

Deiniion:
Fnanci

Frantig urbine. 13 araolially inwand and
|kriay outlet low turbine

7hipusbine. opperateg
CG-250)m and Medium

(3 Tn inlek only kin-etie
ene Pesnt

meolium headls
3pecigi peed (Co-yob)

energ and Pressu

under

in the tusbinei
a medlium digcharge

The main pantg ohe Francis Tusbine-

(4I+ ip

Penstock- The Penptock i3 alß0 knounas
the npuf Piper The oliamete Lieg betwee
1 to 16 meHes1

2Spira Cagin- It is the inlett
to the tusbiner he water

wate
hlowing

Teper voi 0 olam i madle +

thig pipe ith high prezsure

rm he
Pasg hroough

which the anea
Caging

Completely Burunded unner

COBg- Section o the3Taoually decreain, The casin
the tusbine



the guwde
3 Guide Vane- The main hunc tion f

Vane ae toguole the watey o wanol thehe
TTunne

IF Con vent3 pre33use

Ene
enea o the luid tnto

kinette

Runnex Bladeg-
ner the energt rom the water it

Converts to rotadional motion of the main 3ha
he unne blade3

aurbine 13 01t
desan ho ettecHively

Peormn
The Tnne laole ore devioled in to twD
port- - The lower hal i3

. made. in the shape
oh a gmau. bucke Bo thad uge +he. impulkea 3mall

action of wader to Tolate the tuabîne

The.'uppe parts o theblades ugeg the
Teactton0oee Owates 6 lowingthvughH

DrA Tube

The doaht tube 13 an expandin tube 1
uged to olischange +he wader thrgh the
ftunne and next to the tail TCacei

The main Function o the olrakttube: itoeoute the wote Velocity atthe +îme odigchar

T' c0083-Secttonal a
sLength iAs the wate
the

incdeape along
Com n ut ob

Tunne baoes



pedicoca
113

Vane
nviole

Vane

-
Runnes

Witkeol
Gate

sha

Droft tabe

In Francis lu7bine yf u2
y DN and Ug TD2N

60603
Runne Powea Ck) =m C Vwsuy t Vwz U2 )

In Franci Case
.

Vr

Always Vg Vr

VrgVigVy
Franti3tuibine blaoles o3 Bucke 16-20

AA bzolude veloeig the eButa)t backetpeeo and

kaplain tu7bine. Blode. or vane is al wa

then vare i tusbine

Telative

.



0/PEieiency

h R.P
P

riy ,u2 h:Becnuse
Pw

axiol aut

aCVu) Vy

RP PR Vu,

SP
WP P 3G ot

Discharge (Q)
Shay+

ThickneBs (t)

Bladle
R BlaoleVane

Runne Do

Total Area (}) = CD-D:*)
Dm Mean Diametes CAt D:)CDo-0:)

rB:width Diametes

DmBB
C Dischem TDBV



: Av
DTB,Ve= D2Bg Vez

D.6,V: DaB

D-zt) BVe Z No 0 BLoole

Thi'kne38
Mean Dia



VELOCTTY TRATNGE

Francis Tasbine

Aluays Remembe
Absolude velaciylV) i he oezultanf
buttet Speedl) and Reladive elstitylVe) i

V V.

Ex 0 when /90)
AbsoLute velosly v) i3 a reguLtan o lore

veloccand bueket peel


