































































































What is a hydraulic turbine

Hydraulic turbine are the machines which convert the

hydro energy
into mechanical work The hydroenergy

is the stored energy potential
in reservoirs bycontrary

the dams

botahythi
wept

Dam
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Edification
Based on the energy available

at the vanes

at Impulse type Pelton turbine

byReactiontype Francis Kaplan

4 Based on the head of water available

ay how head 5 to 75m Kaplan

by Medium head 50 to 250m Francis ModernFrancis

High head 150 to 350m Peltonturbine

34Based on the direction of fluid flow

ay Radial flow Francis

by Axial flow Kaplan Propeller

Tangential flow
Pelton turbine

dy Mixed flow
Modern Francis turbine

47 Based on specific speed

ay 5 30 Single jet impulseturbine Pelton

by30 65 Multi jet impulseturbine

65 180 Francis

dy 150 300 Modern Francis

300 100 Kaplan Propeller

Availableheaded
5 25 50 75 150 225 300

waffle.EE tane














































































































U Ur

EEEEiiii1
Vo V Vf DIT pro

if c Exitvelocity46f tEtttf fi.fi.it

He yva.IT
1 4 No Vasu specific work

at V0 in in same direction

b Vis in in opposite
direction

No VI u
Vw

From the exit velocity triangle

Cops VIGOR
a

Ét e Voice.vn

From the inlet velocity triangle 1h X u

Substitute for Vr in

V2 Cs Vi a

Substitute Viz in
Vw CCV a Cosβ u














































































































If Vw is substituted in for workdone

G V a Costs In
From the inlet velocity triangle Vwi

Cr Glycosts.Ju
V a u I Cscosp

To obtain the Tink 4 21

8 o Guru u i a.co pa o

Yu E 0

V 24 0

U

Substitute the value of n'in

no 4 14 4 G cops

Way 1 G cops

spied_ U I become

In V 04 V GCops
Feign

8580 0.50 0.46 w

t of speed ratio














































































































S
2yd Energy converted by thefluid Klorkdone

Energy available
with the water

w Vwz u if V2
and

named

2yd
pure kineticenergy

24Volumetric Efficiency

2m withe
34Mechanical Efficiency

2nd Energy available
at the shaft

Energy available
at the rotor

Workdone

Zach

ff.gg Romans2nd 21 Ian

Overall Efficiency

Coverall Energy
available at the shaft

Energy available with water Iffy adf.fr














































































































Discharge D n AV A Cls area of thejet
Inode V Jet velocity

n Number of jets
Blade speed 4 8,1 nozzles

D Mean diameter of the wheel
N Speed in rpm

47 Jet ratio m
Mean dia of the wheel
Jet diameter

57 Number of buckets R Vance

2 I I

Length of the bucket fWidth of the bucket
t Thickness of the bucket

fL 2 3d to 2.8 d

B 2 Sd to 3 2d

t 0.61 to 0.9 d

d Diameter of the jet














































































Reaction turbine Francis ORKaplan

Team
Gross w

g

a

head
Generator

Turbine Draftlete
2

path used.it
V2 13

V3

Extreme Generator

I

Vaner

Rotor blade


















































































Shroud

fits Blades

1TEur
rare

Hub

IS

Statorwand

Spiral casing

Turbine
Draft tube














































































































Andpisof.fr trbine

vt
r rut

Eft tt fifiet Tip
IF

WE Fb
Volt Ira

vii v

4,742
i did U Aff1 Inlet

2 Outlet Exit

www Enter earation

If Vayu N m DJ

In terms of pressurehead

Ife Visio t.bg fffdfm

Discharge D Afllf Q Afif Af2f2

died Tip hubdiameter be

bi b Width of the blade

Tip hub

Flowvelocies Tipshub
45kV

Q ñd billy adably Afi Ad b
0.6 60.7 Afzadz.bz









































































Hydraulic efficiency

21yd
A

ffff.ee
Euler head

Head underwhichturbine is operating

Rhed 11
201 Imeek Coverall Same as discussed in

peltonwheed

Concentric

Kaplan Propeller tree cylinders

7
Rotor

Blada

Flow is similar to flow in between concentric
nu

cylinders flow area

D TipdiameterFlow area Af d Boss hasdiameter
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n

I
i

a Ék weep

I
nor Vt

VaVfx Nrs

EI L Is
Specific work

Vayu Vw us Vaso hut Voom
Enduation

derivation
Discharge D AfVf T DÉ If
Speed ratio of to 0 1.5 62.2

V Its net heed

Flow ratio 4 Y 4 0.556 0.75

4 0.35 to 0.6
















































































































Drafttube It is the device used to recover the kineticenergy

FtheFluid exiting the reaction turbine It

alsoallows.aeinturbine to be

intalledabovethetailra.cz

ᵈ
agk 5

the losses will

increasedrastically

square
Rectangle

P Pressare inletto
turbine

a.no t
ttT

h 22

I
no

fist














































































































Substituting for Pg in

B kg Zz Pg that tZzthf

Eg Pag viz ftp.t tht h Zo Z h

Pg Cigs hthf
If h't is expressed in terms of

kineticenergy loser

htt Vigs k
Less

É E n E c T

C KS Draft tubeefficiency
Lower the value of K higher the efficiency

Cavitation It is the phenomenon of formation of
bubbles

at the exit of the turbine when
the pressure fall

below the vague of the water fluid

These bubbles will attach to the surface of
the

caring blade draft tube and are collapsed when

the stream of fluid strikes them





























































Difference between impulse and reaction Turbines




































































































P 10MW n 1 H 500m Ns 10 2 0.8 Cv 0.98É 980 Mms water we18
To find d D

no 08 46 0 50

Q 2.54 m

i Specificspeed Nst NI 10 NF N 236.14ps

ii velocity of the jet

Egg Vat Cuff fluid mechanics

V CrfgH 0.98 This 97.06 m
s

it speed ratio 0.46 4
6

4 44.6 m s

v4 Q nxT xY 2.54 14 9 97.06

d 0.18m 180mm

v7 Tff D than diameterof no

E I a plotached
do

D 3.6m
H W n 2 4 4 find d D

no


































































































01 Date Hg 350m p 60m f 0.0007 hf 4 Hg P 2600kid
N Goorpm 0 0.46 Cv 0.985 70 0.92 dp Pipe diameter

To find is Q Adp d HD d Jet diameter

Net head It Hg losses
t D Wheeldiameter

Hg 4 Hg hf Hg
Hg Hg

TIX 550
H 1 40Hg 0.96Hg 4 14m
H 0.96 350

H 336 m Net head

20 0.92 2 7 6
0 0.86 m

Q AV A_V2

p

g
frictional lossthrough pipe 4 414

4 4

4 1 2

14 4

dp 0.59 m














































































































iii velocity of the jet
E

Yj CuFgH
0.985 528356 Vj GF

Vj 79.97 m s

O nxTIxYj n 124,6 plot

0.86 I TAIX79.97
d 0.117m 117 mm

iii 4 u Yj
0.46 79.97

u 36.79 M s

U
TDI D

D 1.17 m




































































































01 Gif n 2 Pgen7500kW H 40th 72 180 0 180 165150

V2 1 0.15 Vr 0.85Vr Igen 95 2580 0 0.47

To find i d it Fang
Inlet relate

f EEI.it nEy a
a

49,5 I
O Geeta

get f
I Bhatt Iggy TEE
is no Iff Pshaft 5k

seFo
Q 2.52 m

if Cuff Assume Cv 0.98to 0.985

4 0.98 8145
4 86.83 m s FVw

0 nx 4

II 0 9 12.52 2 td 86 83

d 0.136 m

iii u 04 0.47 86.83

U 40.81 M s














































































































From the inlet velocity triangle
Vr V U 86.83 40.81 46 02 M s

Vrs 0.85 Vr 0.85 46.02 39.12 M s

From the exit velocity triangle
sink Gps 4,1

costs 40 1wsink
212

Vw 3.03 M sYf 10.12 M s

Tangential force
F in V0 Vwz in SQ

1000 2.52 86.83 3.05

F 211.18KN Force appliedtangentially

on the turbine


































































































Sd Gen 0 21 5 H 10ms 70 0.8 0 0.8 4 06 2nd 085

N 300rpm 22 900 Vnz0

To find if 4,842 in Vf iii d d if β P2 v7P

it speed ratio u F Cr 1

4 0.8 TINO V CuFgH
U 11 2 m s

in Flow coefficient 4 4,4 YUEH
Yf 0.6 89.1 10

4 8 4ms
iii overall efficiency go.IE f F quay

F shaftpower

P 0.8 9810 2 10

P 157 Kal
in specificspeed Ns NEG 171

Ns 211 4 pm

I di

d 0.7m

V FH F.SI 14m s














































































































As per design 0.6 Assume

do 0.64 0.6 0.7 0 42M

Inletvelocity
s curve

triangle fi llfz.lf 8

4mls.ISi No V cost

Vf U Sink

uraff

I EE
triangle U S U2

did
v7Hydraulic efficiency

2nd igfftp.ssY.si
Vw 7.45 m s

From the inlet velocity triangle

take f tape

B tan atank

Pi taif.EI.ESα tail 9 5

β 65.864 48.4

































































































From the exit velocity triangle
42 0.64 94 0.6tanks 0.6 11.2

β tan E 42 6.72 ms

Patan 8 2 Yils

βz 51

Sol Greg 28m F 100014 200.88 4 0.3

amis If d If 44 hr Yuta
0 6.8 2 0 28
0 4.1466

in x
y YEH

o.sf.ES
Vrz4 7 im s V2

IIIiii Q A Alfa As
0 7 4 fe Uf

4.14 5 1 07.1

dz 0.865 m

If Pressure head at the exit of the turbine














































































































aycylindrical draft tube Ex the

4Applying the Bernoulli'sequation 1

I 22

f 2 I
10.3 2 5 ds

EI 7.8m Head walg

P2 76.52 kpa pressure
0 9810 4m I f 100Kyms

g 981m62

Conical draft tube deeds a

theyd 22

Fromthe 46ABC
42 5

I 22tank

see Estand I
2 5xtan5

i.ds dataxa.sxtans Ed.de
d 0.865 2 2.5 tan5

dz 1.3m

Azyz Anz

1 91 3 im s

Applying the Bernoulli'sequation

Ee Ee h G 4 VIII h 2 2.5

10.3 2.5 0.95 7237





































































































saving

Pa 56.9 kpa pressure
iii

um
Comment

ii conical draftee 10.3 5.8 4.5m of head is saved

SI Given 4 25m s Vw 18m s Vf 2.5 m s 0 08m91s E O 82

To find it He if P iii B Y R f V20

TEETH
Y Nt Kir

is Euler head
He VMig.mu Wgy

HE 1

31 45.87m














































































































I P OOH 70 100 3 20
1

9810 0.8 45.875 JTheoritical power
P 359.98 360 Kind

Note Hey He 0.9 45 87 41.28 m

P DOH

9810 0.8 41.28

P 324 Kw

From theft velocity triangle

Vf V2 2.5 m s

Consider the inlet velocity triangle
tank 2vi view

Pitai LEID
V 18.17 M s β 19.84

it Degree of reaction
E

I.ES iig
R 45.87

45 87

R 0.64




































































































Y

01 Given P 58,80km H 25m 700.9 0 1.6 4 0.35 0.55

To find ID iin Yf
overall efficiency Fat

Lot
5

910 25 upabolitevelocity
Q 266.4 m s

Vf Uv YEH VEITH
4 0.3542 981 25 C 0.98 0.985

Vf 7.75 M s

Discharge D Aflf Af If 5 6
Q 5 d Vf
Q D 350 Vf d 0.550

2664 I 1 0.352 7 75

D 5.91 m.ro Y
sU 0V

0fTgHd0.35 5.91 4 1.6129.81 25

d 2.07 M U 35 44 m s

U
TDI

N 69

N 601 94
14 114.5 rpm












Sof Gree d 2.6m 12200 4 500 m Q 3.5m

To find if no if I iiif Ns Assume4 0.46
Cr 0.98

if Theoritical power
P wQH no 9810 Nhsforwater

9810 3.5 50

e 1716

if V GETH
0.98429.8 500

4 97 06 m s

ay yypw.pt
6.46

i n o.hu fÉ É
0.46 97.06

4 44.65 m s

i a EE
N

327.98rpmiiiyNseNff
3279112606

b in any

Ns 18.17 rpm


