Twebe Mccchinv-r.:f

Gene?to_l}sed ecLucd"\'on Fort cmd nota;;(trr,o,n;c Mmachine!

2 - vp? 4 (U, - Vw )2
V,'-L’ - F 1 !
2 2
e V,:Iz = ‘V)z’ - (V- Vw,) (2)
Frzem eq,u:th'on (1) { c2)
) 2,
. ap B Va2 (u,—\/w,)
N/ "'.Vw, =y =
V2o V’Lb, = Vo, = Vi w, P
' 2
2 _ V
3 vy 1
Vw' v, =
T 2
similaruly .‘ |
e Yool M
| Vp© 4 Vsl = V2,
2 Ny o= V2
2 Yy, =
: U, o V-V WoVYa —=
N, Y — sz 2 = 2 > 2
WorkKk = ! : 2 |

o
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2 vr— VyE
V2 v,2 UR-U, N :
a Z -
— e \
P a Reaction
ITrmpulse cerdriFvg ' eFfect
@FFect SRFect
ImPuJSE Tunbine: . .

[13In Puwre impuwise twebine there is no rneaction efpect ( Vy,= Vr, )

27 No Ce\')_:f:ru'puaqj EFFGCt( U1=U1)

In implse tunbines as the Flwd Flows through blade passages

Static presswrie emains constant. it is the kinetic enengy which

is stesporsible Foxn stotation on deue!opin? power.

Q
e OJ'Cefa P}n \D\o.dc.'\ﬂ
o o
ele SNE e ~ed
LY. c ¥
ot wOET
of T QY ps
e o :
e, '
e e
50 Qe(:'(
20 e
\-e ;oT
@oc\f‘
Flow passo\cre area emains constant L .
Tmpulse blcd.ina_
ank developed b\tf -'mpquc twrbine N
2 2 _
- V2. e
N = lz 2 - stah'e P | s
. GO
el -
Pelton wheel .z co V22
\7 >—V; bud e want’
= 4o geb
'lDf:CLI Phessu_-‘—:e G:'hﬂ_Q-d U|——U2 3 .
it U but pune impulse
= So emTU&fcavinj
; wre
Shafic PSS chowle be at
yremains Consgtant: sarind  dian s,

Scanned by CamScanner



Heod qce

..... . cas'ma
Penstorks

----- - {

D202 ™™ =» o o

The lever o watern in the SL-onq?e neseruior Is called Head Rece
the watex leaving the runper blade Flow thnough a channel ’COdJ‘ng to

down.-s_!:reom 1S called tadl race. the dirperence between Head

staced tail tace iwhen no water is ;:!ou_:‘rrlg IS known qs Gross head o3«
Totad head ox static head. [H,]

As the F[luid Flows 'EhJ10u3h penstocks there arte Fruction losses

and hence the qvauUable head is less than Gross head .

H= H,- h.

.N= Net head on aval able head
H,= Gross head

h, = @ Head loss due to Fruction In penstocks.
Based on the avaiable head tunbines ose clossiFied as.
(a) High head (H > 250m)
(b) Medium head (60 < H<250m)

() low head ( H<€o m)

PRAPDDDDDDNDDDNDNDNDNRNOOQ
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Za =H|

ApPPlYy bernoullits eq{uah‘on between @ 4 b

/gfj}/q-za /A_/+.—-+/Z/+h|.

(" Ra=Py = Paym) o -

Qq (verylange)

2
= H| = Vb +hL

=

_\_,'__2 _ Ht—-hL:H | -!V,:IQQH -[

=1 'va,: > T A

V, = Jet Speed oxn Spou.h'ns Ve!ocil:y'

Generally cy is 0.9¢ to 0.99

Note: In impulse twrbine the pluid enter's and leaves the
tunbine blades at atm. presswre. therepoxe <asing in impulse
turbine has hno bydroulic Function. but it is vsed to preveny

spiasl“u‘na oF watert.
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Nozzle e;:r:iciencg:r: (r]n):

({‘96\6 7 ’J’%
{\@ “‘99}
s’
/ q Vv, 2
v -
H —r / n-=
(vet QﬂH
head )
Vi = Cv\lng
VQ—
/ - Cv2
29H
N,= Cf

Pfaunc; Pelton tuwnbine

Sp IJ‘H:EJT.

s}de’\;iew op bucket .
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Pelton wheel is

p= WRH = const-

(1) ITrmpwlse
QH=copst.

(2) angenticu Flow
(3)"“9"1 head
(W lLow dJSchq,nje_

(5) Low specipic Speed hgdmau.u'c turnbine.

D\'SChaﬂﬁe of pelton Wheel:

+ Vv Id,(‘ Nozzle diameter

/I’__________

Q= AY,

a= Tarv]

TF it 15 Qa mmvet Pelton Wwheel then the totad d-!-SChCU'-'-ee Qis

equal to g_ - LQ

= Zd2 Vv hTI N= No. OF Jets.
m

W is G. -
. M NO- OF gets that can be used on pelton Wheel
Note: the Max: - -
- ' ludd comin
i the max. No. Jeton Nozzles ate Mone than 6, the F 9
with

[ j ] [ the otherget.
From one Jet Moy ;nterpqh the fluid coming FTom 3 .

‘therepone it Is nestricted to 6.

VEIOCi{;U E‘Y'llq nﬂ {e’S Pg?‘[ pelton Nheel!

Ba.

B, \80-B27 ®

O = Jet derlection angle

B2=180-B
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B, = blade angle at exit

- The blades ovote oF double Semi- el!;psg,jdcu cups . DouEle cUupsS @Wre
token te in oxnder to nec_ptno.use axial thxust on bqu-u‘nas_

* The derlection angle IS aenenq,u{./ kept ot 165° buwt it"sr'veven
kept at 180° becduse IE the deflection anale is 180°, the Jget

le::w,éng the vane will exext a :r:et-a:—:d:‘ng Forice on the Suc_cecur?

Vane. therepone the blade angle at the exit s gerernatyy

kept at 15°. Tn case of pelton Wheel, the inlet Vefoc}t&r triangle S
straight line: ‘

. SRS Y
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DD DD IIDPDOVOPDOVODODOOSCIIICIYTPFFIFSIFYYVTYSYSTFSTSFSTEFEFee

Dioanom or blodina eppfcienC:LC"]d)

.U,.:U:_: J
¢U LL V‘f,:\ffz—
=y ke vr, ——
IF'—V,:VW'——-——--——)'
k—-UL—\{——"’K—Vwﬂ
=V < Vi,
Tnput ener = 4 mv?
p 8‘/ 3 mV,
W= Vw|ul— le U2
Vi
__(»— —\CI
P= mw
P= n:) [le Ul—VLu,‘UJ.]
; v,=U
P= m[Vw,""V‘USl]U { =0z ]

I’]b _ m[_Vw"VU-’.JU
L
f]b 20 [ Vw‘-vw.t.—]
w2
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max. blacy nﬁ: epp;‘cienc\lr 3 3

-

Sondition Fox

In case oF an ideal impulse turbine Vn,=Vn2 but) in actual Case
Qs I:he Flwe¢ Flows f:h_'nouah blade Possaaes +0 Overcome F:ru'ctfon

the = ! 3
elahve Veloctts decreases.

l.e. vlr.2 < VT'

blode piicton CoefFicient (k) : Vs

Vy,

r}b = 2(Vw,-Vw,)V ( Vw, € Vi, ane in Same cirechon)
V,2

as Ve, & Vi, oote in opposite direction

Y]b = 2[ Vo~ (_V“’J)J v

2
Vl

r’b: 2EVW| +VW”]U ( When Vw,“ VW)_ are 1IN OPPOSI}C dirn)

o coes -V
Vi, = k(v L) Ba

N, = z[v, + k[ Vv,—V) cosP, ~U] U

\/,2
é(v,-u) [1 + FeosBa]u

\/'2

"o =
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u=2
= 2 Y o — [(1+ keosps)

— = blade speed rnaho (F)

N, = 2(f-p2) (1+ KeoSB,)

k=Vr2 _ ploding

d For max. 1) My VI psdction
dp coepficient
dqb J
— = 2[1-2 1 +KCoSR =0
i"Qf =0
f£=1, .
* %
)
...(.{. b _i = [U: -\i’-]
' V, 2 2 ( Remcmber- 1)
r]mcm,b = 2[ L - Y, [l+kCC‘9PJJ
) S
q 5 1+ kCcosB,
| mGXJb 2 _J _ (92)
N
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be bhalF OF the
,’||‘

=  For max. b'odjng eFFiciency the blade speed must
, / (

Jet speed. e

[

Vardous efficiencies in hycdbowlic turbine :

Hydraulc eFpiciency: ( r]h'dd_)

q - Runper powert (Pr)

hﬁd- waH

Pr= m [VUU,Up = Vuuzuzj

Mechaornical e;:f:ic]encd (r]m )

Py
Ps
:@ @
‘ q Ps Shopt powey
| = —_— =
| i Py, Runner powefr

Py = ﬁ'l[\rw1u, — VLUJUJ_J

h Overau eF’F;C"eanf(r]o)
|
|
i
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N

Limrtu_jl‘on ofF Pelton wheel:

() pelton wheel is eppicient when operating under high heads. to
genenq}e a‘wen power (WEH), the djschq;tae most be hiah ir the

head is low. this nesults In Iincrease in Jet diameter. and SUbSecLue—

"y increase in “wnner diameten therepone the System becomes -

bu.l.kt{ undexr low heads and hence pelton wheel is Swtoble Fox high
heods.

Note: then the

IE the Power developed beo with single Jet ‘P’

Power developed with ‘N’ numben oF Jets s HEE"

Exit Veloc'itt{__t.niqnafes

(1)

le—Vy, cosp,—

Vw -
K——U“—-—sc—; ¢

- ————— o

>
L—'Vw,: v, —_—

Pz M [Vu.),'l' VUUzJ u

Vi, cosg, 7 UJ

K= Vi,coSP,—y
(2) — Y ———

~ V.z
V.
'rz Vw;: (o]

P'r.‘:. ™ [leuj

A 4
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(3)
V72C03P2< U

0= Pcp(Piteh

cirele ciometer or

dia -of nozzle = d Mean Aiq.

Q. The mean boucket Speed IS 15 m/s , the state o Flow oF waten

under @ heod o 4z m Is 1 m3/gsec. the yet deglection

Qnafe IS 165° +the coefricient of Velocl‘{:&/ 0.-985 Find
. (1) Runner power

(2) hgdnau_ﬁc eFFic?encH.‘

Solutton!
H= L4am
Q=41 m$/s
B2:l5°

222NN NN 0NN N0090QQQAQACAOGQC®T® =
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Cy=0-985
V, = CV'I 28H

Vi= 0,985 x [2x9:81x42

Vv, = n0&.27 MIs

- 27 m)
—— U ——je— Vy,—>f Vv, U = 28.27~-15 <= 1352 S
- Vy, = VI

’G—-ﬁ VW": v, Y

VTJ.: Vr, = 13.27 mJs
° - 12.81 mM/s
Vr,cospg, = [3:27 €0sI5 =
V72c0532 < v
k- U —
@'VTJC.OSﬁz -—{—,'K—'le —_
Ip.

ng = U- Vrzcosﬁa

= 15-12-87
x5
@ 103[28-2'7" 2"'76] > 2.476 M/s
Py i
pP= _nass
Vol .
P'r:: 391.-2 KW
m - P YO—,:
& t
. PQ = |03K|=[03 R3/5
m = =
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Hgdnquﬂc eFFiciency (r’hyd-) = Pr
waQH ! a
391-2 X 10° Baltia) "

>

Xy2
9810 x 1 S

ot ' 6
Que:2. A pelton wheel is to be design forra Shart powesr OF 954
kw under a head oF zsom, the overal erficiency is 85
the get clametern (d) s ._I_mop whee) cuameter (D) the Speed is
G

750 YemM , c, is 0-985 blade speed zah‘a(u/w) g-us Find

(1) Wheel cldameter
(2) Jet lametert

(3) No-ofF Jets.

Vi= Cv\lng = 0.985% |27<°f-8|x350 = 81-62 M/g

O = ous5v, =36:73 M/s
p N p= U600 _ 36:73%60 _ g.935m
ve = " N X X0-750
60

vet diameten = D/g
" d= o155 m.

S.P= 9560 - r' N
Ps h3d~ o8k
wWAaH = _q_.s_ici- = iiD.Ll'7-05' lewa.
| 0-85

2
, K (0.155) x 81:62 4
7~ 42 = = 190
discha.ﬂﬁe= 0 di= X V; L

> 1.5y M3/sec
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8 = 1124y%.05x 163
FL1IL X350

NO'OF Jet = totad OUSchCU’rﬂe

= 32756 - 0.1917

I Sy

z.2756 ™MYsec.

clischange prrom a single nvozzle/get

= 9 /}V‘-ﬂ

—_—
——

8-3. water havinf{ a densittj of Jeoa kg/m3 cemes out From Nozzle
with q veroc}tcd o 1o m/s [v] and get strikes the bucket mounted
On pelton cwheel the wheel Jrotates at 1o nad/sec. the wheel diametert

is 1m [ 0] the deglection ‘"’9"’- (B) is 120° IF the mMass Flow note®

1 Kkg/sec. then Find the torique exerted on the wheel.

wx60 _ g5.yg rpm
2K

SolutHon:
P= loeco K9/m3
V= 16 mis
UJ'.'_‘- lo nﬂd/Sec w= 27N
. . 60
D= 1m
m = 1K9/s
T ="
‘v- E el
U= <DN - 7(7(17(95-‘43 ~5m/s
60 6o
VY,“ vVi-U= 10-5= 5 m/s
Vy, CO0SB, = sxcos 6o
= 0.5 LU
('ﬂ‘d case -

Vry,co08B, < U
'Erl‘ana?e)

P‘I’ = r}\ [Vw,¢Vw_-,_] v 0

VLU:':. - V'rzcos'g2

vu- s

= 28 ms
‘2.8

Pr= 1[tlc+8]x5

Pr = & ®375 W
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Powen = EFxv
F=5 _ 5o
= N

T';: e = EXot = T.oxT'5 = B35 . Ner. -@_‘

pPowerr = To:uiue X

Torque = 375 - BT75 N-Mm. /3_:4;_
”—q’ lo

. 2 y -n
Que:z. A s‘msie Jet pelton wheel IS a’leq(bu""ed &, dmed 8enm

OF 1o MW powen. the quaidakle head is 7és m , Mecharucal efFiciency
'S 095, had,.mch eppiciencd 's 0-87, coefficient of Vefoc;tg IS
0-97 the bucket Speed is o-ue times the jJet Speed. the nelatve
VEIodta OF waten aF iolet reovin3 the bucket IS 0-85 times the
relatve vefo:‘:i_—d at inlet Find.
1 Discho:r_\c]»e.
(2) i:qnaeru‘-;‘aj Forice exented on the wheel.
(3) Best sdnchronus Speed Fon'jencna:HOn at So Hz PJ’L&?(UEHC#_
£ the cormesponding Wwheel diameter If the § nafio op whee
cla. to jet cliametex is not to be less than 10.

Soluton:
Given that
Ps= 10 MW
H=- 76o0m

) , =. 087,

Cy=0-97
U: O-HG V’
Vy, = 0-85 Vr,

21

f =50Hz.
V,_-: CV lQ&H ? 0'9 77(\] 2)(q.8' X 760 = iiB.L‘S m/s

|
U= 046 v! = oyéx 116-Ys = 54 48 myg
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V999V IVIVIVIOVIVWIVIVIVWI VYoo eeogeogegeege e

e— U—>le— Vy)—

v

—

-

k

Viy = Vi-U = 13845 -5u-48 = 63897 mMs

V’Tn = 0:85Vr =

(&)
f) = PS
° wWaH
lox106
=0- XO- =
oE el q810X QX760

o= 1-62283 m3?*/sec.

._.?_E 2vy
&—qd !

= 1.¢02 = & (d?) x 1845
.L,

d=0-13207M

D )
— > ]0 > — =10
d - = =
D= lod
FD: 1-3207:11]

U:WDI\J

6o
'N- ux 60 sY-UBXG60

<D T R XI1'3207

N = 788.258 v¥PmM.

V|= Vw, —_—

0.85%x63:97 =54:37 MJs.

qo= r)ﬂr""r)h
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N= d20¢

———

)
> Ueways evep,

788.25 = 1204 50
P

P=r.4 = P=g

&

Synehyonou
S s - 126%X50
_ peed (N) . = 756 wpm:
V= XD
GO
= 54 o
Ha2ee . ® => D= 1-387m.
KX750 :
B . 1387 _eg1>lo-
d 0-132
(3 tongential  Porece::
P,
N,e = Pr= 22 -)o.s1 Mw
Pr o 0-9s
w

P,l: I'-'tx W

é
F-i: _ lo-51 X)o
Sy-yg

Fe = 193.21y Kq

T eod
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Reactions twrbine

Francis tunbine: +he turbine
N
In neaction turbines the Fluid enters af hJah preessure £

hi . !
gh veloclt:f. as 1t fElows f:h'rouah ronner vanes , pnessure decreases

Qnd &te, ' . \ ' . '
TSahve Velocity increases © because of this motation IS Possible

t ;
herecone in neaction turbine as the Flwd Flows f:hrooeh Tonner

ecreases and hence power IS oblaine

”

Va
nes both pnessyye and k-& d

LTn . .
eQC‘l'IOn th .
bine ¢ Vr, >V, ) .
m head, Mecium cUschcuLSe, Medium §pecifric

“IE | ;
'S @ mixed Flow, Mediu
Speed 7Teaction tuwnbipe.

fv,2_> Vo,

In Frrancis tuﬁbine the fluid Frrom penstocks enterz the splotal
Stay vanes Wrthr

cqsiraa C loaw-r.b!-hrrﬁc) , Freem cas‘mg it en_jg—us
Which sesist load and transmit to the Foundaton. F7om Stay vanes
the Fluid enters aw‘de vanes, the pwtpose of amu‘de vanes is

to alow the QLlud on the srunney. blades at correct angle , FTom
at.u'de vanes the plaid enfens the Yunner vanes From Tonner exit,
the Flwd then entents enapt tube, Dxapt tube is vsed in :eacHan
turbines.

Velocity triangles Foy Foncis tuwrbine @
1

5 5 _
T 7

g 20
. > >

Relofive = 6+20 = 25
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Df 70]_ *

(L) ' U, >0, ] -
extervor VN 7
T 14
- Ut — blade angle R .
B;790 : = . ] .
= ! ' L g-_f B, = Intervorn blade
: 1 VR Onale.
Viwy .
53
i Vi, =0 (bre axial exit)
\lfg_
Vz: VF2
A A
i v,
@
B, <90
iy -

B, €B, = Blade an\?les

at irdet € ocutlet

bT' Jze_sPectiveltf
VY, Ny = Vg sz;-o' X, = 8w‘de vane argle
A 4 ' .
P2 ’L ' . at inlet.
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QD000 IOVI IV VOV UVvVv oo o v 6 & 6 & & 6 ¢

NI I3IIIID IV

P-r (Tunper power) = n%[vwlu,—vwauzj
Pro= M [ Vi,u ] * Vi, =o0
axial exit
r’h: _E.T_. |
P9 &H
r’h — mvw,(), f: m
Faahn Aok
m = f)(_\f_g!
5 £
qh = Vw, v,
CVeer impo:-dom‘ eq. in Francis turbine)
n = bs
mech. ——
Pr
Mo = 3
N = e
WA H
r'O: r)l'f'l,t r]hj

Speed matio: (k,)

kp=
\’28H
ku: 0:7o to 08.5

Flow thh'o( V)

VE,

Jz2gH

¥/:.

@ = 0-15 tg 0:35"

t
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Dfschqnae OF  Prancis turbine

blades in
No. o wmaronon

Runner

Arec.

A = (RD-z¢)B
Q= AVp, = AV

&= (®xD-2¢t) 8 Ve

F&: kRDg Vv,

— 16 to 2y,

. 2z No-.-of vanes

t = thuckness OfF vanes

k = Pactor which occounts fFon thickness oF vanes as the Flow

Is Steady  xD,B, Vg,

-—
—

7D, 8, Vg,

B,£ B .arte width o nvnner at l‘n!et~<£owlet }LESPEC‘H\IQ’H.
] 2 .
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works under a head oF 1iom,

Q AN inward glow neaction turtbine
the outer diameter L:5m and the inner diameterr S Lm. the width
a

OF the stonper |5 constant thmovghout 15 equal to
the axial oUSChaJ'tse Ve!ocN:\cj at Hthe

5o mm. outlet

blade angle 's 15°; r?h = 90

' ) . 4 blade angles
exit is ¢ m/s . pind Speed OF the tuwrbimé D TP J

INd  rvunner powern.

Glven that
H=11om

D.l: 1.-5m
Daz=im

B =B,=0-15m

Y Bo= 15° outet Velocity A (b{c Max- Inpormation
: given Fonthat)
% qh = 90‘/ . -
- Va= Vg, = 6myg
% _ NYa
=3 V22Vp = 6
‘ '{_an Bz - v'z .I ‘
v
= g *
=
=9 g = o, Uy = 22.39 m/s
tanis
=
=B u,- KO, N
=3 GO
2 22.39- Ax41xN > N= 427.87 7Tpm.
& Go
- lpy‘-
U= KON Ax1-5x427-87 —
:’ . = 83:59 M/s :
} 60 Go
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e
Vi, V) \_)

r]h:
8H
2 0gn =t T 5 Vw,= 28:9 mMis.
Qq-81%110
Vin, < Y] so 2Nd velocity triangle- |
{
(
| . - \V/ ¢
-‘ f ?(-D.qvﬁ - KDJ' ¢-3 Fa c
“F D, v
ll P VYR = D"‘LVF ﬁ
. VF1= 6 - ymys €
i "s G
H (-
¢
% -l-anp' ~ Ve -
Ul“"w, 6
y - e
‘1‘0”[3, = =) ﬁf;-do._gg_} -
' 33.59-23.9 |
('
<
+On0(,_: VF' _ —]:’_' g
Vv, 28.9 2
0(': 7.-88° F
[~
&
Py
/=1, o
waH Q
. X‘?BIOX ~ X I-SXO.]S L’ vy
= p = 0= * . . N X 1o Q
r]h- xwQH = L 4 . | g
(1) § P'f - rh\/w,Ul = _F_g VCIJ,UI Q
= Px DB Vg, x Yw, U, N
<

Scanned by CamScanner



v v w v v U e

- w w

Que: 2, Egtimate the main dimensions OF a Fxancis twrtbine to sui

the Fo!.lowr‘nﬁ conclutions,
Head = feom , powey = 2:5MW )8
Flow ytat'o () = 0:15 |, the staHo of widt

pecdf”)= soorpm, N, =0-9, rN,=0-85
h o the Wwheel to the diameter

at inlet ( Bi/p)= 04 the outen diameter OF the Yunner (S twice the
/= )

inney dia. (D, = 2p,), the Flow velocity is constant throvghoud -

Soluhon:
Given that

H=Jiocom

Ps = 2.5 Mmw

= 2] =
N=gScorpm ; N,=03, Ne =085, =015, '/p, = 01
.&..: VF,: V'!:_,2
& #D,8, Vf, = XD2Ba)f,
= 2_92 D,XO'iD[:_D__'_x‘Bz
2
>
Ve,= ¢ [J29Hn = 015 [2x9:81 xj00 = 6:6H mis
S-P-
q°= weH
N, N iy
6 w 2 = FZ
5% 10
=085:= 2
qglox Q X100 Va
Q = 2.3981 M/s
&: KD, BIVF,
- 9.99 = AX DX 04 D;%X6:6Y

P)= 1.1988 m,

FBF = 01198 m]|
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R R R B

D|: 202

)

2 Da= 0/ _ 0599 m
2

Q= XDy B, VF_Z

- 2.99= AKX X0:599xB,x §:6Y

Blade angles:

23
- XDN X 119X 500
U= 1o 2e K - 31-38 mys
60 60
. ¥ Bo
Uz Z®BaMz | XxX0 5a9¥S00 _ 15.68 m/s
60 60
Vo= VP V
‘f‘anl: —L——J Ll v
Ua Fa=V,
+an B, = 6:64 Va
'5.68
BJ_ZZZ'gqoi]
R
'F‘r—,_—-—ﬁ"r‘v’wl—bﬁ P, r'_m
r’h= Vw'Uf
aH
Vo, ¥ 31°36
=0-9 = :
q.81 %100
Vi, L Y

\/N,: 28"3 mIS

- n
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Y
tanpg= _F2
Uz-\rw,

']'Clnpi - 664

3.38~ 2813

By = 63-36]
tanw, = VA 664

[0(, = 13-28;1

Q. An inward Flow Jt€a

' unner
ction turbine o Pxw@ne’s type has a It

dua inner oM te
; ,Ehe INNe Lame

iameter o 60 cm and width 5em atr the outen J:run i

< : o cintervort) and the out let

1S 39 cm theblade inlet ang!e e 85 O

A 2 y
J s vniperm thvou hout an
the velocl t—:f of Flow 1S F 9

blade angle is 4. blade thickness ,Head
. \ artea i & occv P}ed bﬂ .
8} ofF circvmpererthal exit calcadate speed in Tpm

- . po?l aada]
.—.5'4!"0, r)h=o.3€,, r)o-— 081

and Shapt power: ‘

Solution: H=5um ' (
el LR
Given that ae N, =08l
D,=0-6M M= © ?
= . .
Bl:O'sm
p,=0-39 M V= KDy N, UJ.-‘*RZ;NJ
; 6o O
° ¢irderuort)
B,z 8 ¢ v,
=14°
P =~ |9-S8xé0° &:A'KU;_’
Ve = R i R
Fi="F2 ——— Vi |
k=02 623 ven VRe= Ve,
VFi = S”r/ q _ Vu,,U, Uy
= K
I, S=RD,B vy, = X 06
N, =

i = o.ls‘lzxax Sy =4.g8. Faniu= Fi
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e e —

SO we dxow thig

Ua
VF2: Ug'}‘ahlf-l = 02”802 C.L)
+anpg, - VE|
V-V,
VE = 1143 (Vi-vy)) (2)
Prom (equid 2 Ve,
= 0'2'43 U2 = 11-‘-}5 (U,"‘VW,)
? Viu, U
. !
.’)h - /
qH
C Vi, X Yy
0'88 = o] : =) VW‘U’ = ’-466'”7 . VW': L_!_‘éil:f
9-81x5y m ]
33 | 6 .
5 0-2ug.*(0€)N 1443 (XX00BN H66:17 x ¢
' 60 - 60 A (0-6) N
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»
p M 5-0 3 |1y838:65
b _.Bl XION': 1.’.-‘43[0:020,_,’\,__ T
- 0031y N
P —
} '7'82)(}03 N = 11.43X002064 p - 1696057
° =
J
b N = 692.5 sxpm.
i
i r]o = -Pﬁ. . Q= KXDBVpy
| o X3-52
. .08 -
' a:o-qzxﬂU“O
= u.15 My
| memte s = - 0305 MYsec
60
)
Uz x YanPo= Vp,
vavaz.: 3-52y47 mj¢
Ps
L1
waH
PS: 131-3 Kw-
Ass‘udnmeru-
i / 367-5 kKW - underr g
A fprancis tuntbine has to be design to develop
; icth
) nng at 750 Ty mMm the naho of i
head op O M Swhule rwun 8

the ywnner to the diameten at inlet is 0-1 the inner ol amefen
OF e

diameter the Flew staio is 0-15, T, = 095

is i, the outern ‘ |
is occupled b:/ +hickn eSS

quch. =0-84, HIOF cimcumpenenhal oJtea

. is constand ana Fuwd leaves
OF Vanres , the ve}oc.llzj of Flow IS

Gw‘a.UJJ of the exit,

., of the Wheel (0,£D;) [ P1=0-6325m ; Dp,=0-31625m]]

4] Diamete

[2] Quantity
(3] Guide vane angle af injet ‘
[4) Runner vane analc at inlet and exit (&, = 11.95°)

oF watern SUPPUEd. [ 0:67063 mB/SQCJ
(B =104.35° Cinterio)

L ——— R ———
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Specific Speed :(Ng)

1t is the Speed OF Geo

Wordcfng uhder unit head (1 m) an

- Q= KRDB Vg

QK 0B Vg —I)

2
- 29H
p= VB ve, = ¥ 3
\]23H
:> — -
k Y U:KUW 60
v T

D/G = 0l

DX B
g f1 ==K
N

put the value From (1) (2) (3) inte (I)

ax 1 {1 Im
| 5N

3/
H3/2 Q=¢C HY2
B B - N2
. N2 )
HeN. = N
; iIm = 1 m3/5 >
IfE H=
2
2 4= 2C
2
Ns

met:‘r.:lr.‘.a,ll-"-( similiat tunbine

o developing unit power (1Kw).
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Tmp.

Ngz N P Specipic Speed foY

. turnbine

HEM ‘
( Dimensional SpeciFlc Speed)

|

p = shapt powen N kW

H = head in meter

NZ
Ns?= N28
HB/z
Tmp
4 = ipic Speed Fo? PUTMP:
M | PR potbg)
: Ns =
H3/y
,“:"-‘f EYor‘n ec[(uoﬁoﬂ ¢
K Q « H¥
‘;;srn ‘ Nz
) ' » .
m’"_ p= waH
N> e
3)p
N o HOZH <
W /2 eH "
R H » P= "
W N=N5 ;F N-_-, 1m 7 P= 1kw
w b - C__f_(_-_i.,) C) = N52
[

Scanned with CamScanner

Scanned by CamScanner



e

. ’ S echic SPeEd-
Note: All Geometm‘caug Similios. twrbines have Same P :1
SpeciFic Speed of Various Tumbines: w
) Dimensien|ess “
imensiona)
ik ( Dimens! spec"l'-'ic S’Peed ﬁ
o.| T¥Pe oF tunbine Specipic speed ]
1| g3 =9 N
1 |Pelton Wheel with Single 10-30 R
Jet T ﬁ
2 [Pelton Wheel With Multi 30- 60 ﬁ
Jet o ﬁ
SN O e s 2% ~ 2 -
z | Francis turbine 6o- 300 :
A
y | kaplan turtbine 300- 600 2 ﬁ
5 | propelley tunbine 6o0- 1000

Similitvde &Modellfns of turnbine:

, g, ber
From dimensional analysis three Number '€ RERG Barmsi=ii

[y a e 3

Head Number = i

JH (au three dimensionless)
N?D? '

&
Discharge Nomber = ol

powey Noumber = ._E-—-

[ EDE

onit Guonfities aste those QuontiHes cwhen the
. Laine is allow to openate under unit heoml(im)
sam = “

Unit Quanfities:

AALLLLLLL LS LSS A,
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Tuwrbine
H ——— s 1m

0 ——, D (same twrbine)
N — Ny
8 — Qu

p-———a Pu

unit speed (ny)
qH
N2 pR NnE 07
Nu: .L\'—.
VH

Unit dischange (Qu):

Q Qu

NP3 ) mﬁfs)

Qu-= Q(%’J 2 |Qu= L3

Unit power (Pu):

Pu

P oF

o
ik

SRS R R 8 i o i s
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Note:

H,
| Nl
» D
|
A4 (a_H_
N!D‘)i T AN
H, H
l2 = Nzl
‘, ..'\L = N2 =
f; JA, R,

Q. A tunbine develops 8000 kin  INhen nunn}nj ot 1000

the Head on the twrbine is 3om, iF the head is steduced ko 18m

Detenmine the Speed and power.

" Goladon:
r—
N\ N2
H, Ha
_ 4000 i S
{15

N,

".'.Nua_

When the Same tusnbine is 0pemﬁn3 vnder dupperent condutiens
'

unit quantities ane equaked. therefare

tunbine is Same So We equate Lnit quantites.

TT4.¢6 ypm
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P

H'a’:! H23/1
R 8oo
o -l = P2 s P,z 3718kw

(36)%2  (1g)%:
a,

= Atgq h‘;!d"?oe!ecl:ru'c power plant the availloble head is 24:5m
and the Flownate is t0.1 m3/sec , if the Speed is U ¥ps(auo7Pm

and Gvf]o is goyY. based on sPeciFic Speed What {:ape OF turntbine
1S thig.

Soluhon.
s

= 2yoTrpm
Ne= NP Ny BrpRs EQEF
HSIy P= shapt power
o= Fe
waH

Ps = 0-90%x 9810 x10:1 X 24-S

= 2184.736 kW
7 2yo [18y. 736 11217-87
Ng — . = "= 005.83
SY.S0 -

)

(2y-5)°Y

so W@ Ng is lies b/w 60 £300, itis prancis turbine.

Q A hgdnacdic tunbine develops 100 kiw powey under a heq& oF
Yom. I the head s neduced to 20 m then the powwert developed

I'n kw.
Ans:
4 P, =100KN
Hyzom
Ha = 20m
P
= 100 o L P, =35.35' kw

@™ (20132
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Q. A

Under 4 head o Hom. Pox nitiab {’estmﬂ OF Hu

ML
'Qnse hyarawtic tunbine is to 3enma1e 300 EW- cmb oo *p

Mode) _ in kw
Solutan
(.L ( P
3 5) . 3 S)
f!\l D m fN D'
= P = 300
E’Oé IBGJ) '003 . 33/
L 45 |, P
3 3,
RX M2 300
2803218 loo3
5
Pa’2 = 8409
Er:: 2.3 kw [a"‘“'
Tomorrow:
— Kaplan
- Cavitahon

- principle of drnaft tube.

Q. A model oF a hy dno
pmotottjpe hea

iE N is the speed oF

OF pnofotﬂpe-

Eg_[- e = model = {, prototype = 2
e i i
4 55h

0,:- .D_g.. &

2 = Ha

A

N2 D

wlic tunhine IS tested ot o head of iy
d  the iometen of the model OF

Pul Scale tunbine than IWhat is the Speed

B e

Scale Model

@,{,‘) (Hsjff P

l.f
Dm= D7y
oo |
5 Bl300 _7.218 _
Q—lo)sl"f m
- 3061862 w
- 306+1862
JP
fop

1/ 'og +thot of pvohiﬂpc

b
Hy
—_— Nl "Mz'
2
N
D§' N|:N

Wiﬂ’ﬁﬁiﬁﬂﬂﬂﬂéﬂ T
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' 8. A nadial Plow hydroulic turbine is nequinted ko be design (E
to produce 20 MW powenz under a head o 16m af @ Ape c’
90 3pm q Jeometsicalry Simila_model with an gittpud OF BoEW ﬁ
. T 1, L iHons af q !
9nd a bead oF 4m is to be tested under Similiat e wned “
. x
| What speed the model must be mwn and what 1S M Jume
u 8 is the volu b, |
- diameter natio petween model &€ Fmof:otgpe 4 what a s 3oy
- ' Flow nate thnovﬂh the model ip the mree eeficiency = | %
1 Soluhon: |
Bt <
i Twrbine- 4 Model- 2 @
1 P=2omMw Py = 30KW ﬁ
& Hiziem Ha =uym v
_l Ny=gorypm Dm D, ¢
— = 2.9 ‘i
; o ‘ W
:I Qm - Ga =7 ) rll"::: er i “
| H - &E
(1) i H (4 ) ,
o2 o2y @) -Gl §
4° \$n30s ) (pn3pS/, Tk ' E
gy, I st B S T Gamie 8 i 'E
474 Geometa-dc.a.wd Similan Speaific Spee : v
() L) \E
# HS )1 ) W g, ““
S nsn T ; |
I 80J10x103 N2i30 3 Nz Hi0-733pm &1
T Sy gy
| Pm %
| (2) T
3 r]° WEeH
;,
. _3ox103_ = 0:849 m3/, &
8= “geoxux 09 ‘.§
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Wl ol
W f“) 02 - _D_l . 0:375m
NI :
N2 i (£) - (.__—” :)
ar iNE‘DS)i ey
T 33, 0-375°
3063 % 3° 10733 % ©

- A Prond i
Q Frane)s turbine OF 3m cliameten develops

both
somﬁmodef £ Prototype to be 82f.
-h\hoﬂ:
Tunbine. 4 . Model- 2
02= D]/g
Pl: G'TSOKN
H2= 9m
Ni=3corpm
H, = 45m

S A LT T e ?-w
' : : .: ‘V‘V‘-“‘-F‘
£50 S LU RN 4 ‘-fli.‘

e i
|

6750 kW at 3o03epm

ead L
°F 4Sm, a similan Model of Scale natio l/g is o be

testeqy
at a h )
€ad oF gm , estimate the diometer, Speed, d.ischonﬂc

Qng P°
wern
deueloped b\‘f the moclel, assume overal e;:;-'l‘c'rency OF

mh« (1)
(gH ) ( r

IEII ’ goaf NaD")
B >
m H) N Ha
W N,z_!),?' .2102
m‘Q > ug o 5 ;L:;_ %,218 = 1673.31 vpm,

2 A h

W 3o0” x 87 N2 . B -

2 }-"2: 9-1-!3}:_5\.1_-

g= Fu3xio3

(iv) _ gusxiod
r]o' w Q H

QRIOX 9% 0:B2

2 013 MY
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!

l
R
| i
P
Fos
foid

(3)
2,
. ey Ja
NZ D2
"m0l
> 16 y
-_— =
o? 2
7% 0% yie9q® pf
D.:- . 9o*xy
o 16 % 410-792
< i = 0-109
P

s W — - -_— - — - -
T ——— - ———— -—
o — ———— |

Kaplan turbine:

; ; cipic speed
¥ Ttis anoxial Flow, Low head , high dischange, hlah SpeclF P

eac{'ion tu_-ﬂ_b; ne.

V
Z &= (%0-2t)8Vp q con be? by £ 0,] Lz|on TVF

if 0%, size s longe, So we don't pnefer

\ H one v
Vg 1 - Flow velocity is more, losses is Mone .atexit

WIIIIIIITTIIITTTTT)

So § Z ¢no-oF blode) is best option to T the dischange.

Jabili | d af
) thene are Some places Where the ovadability OF heod is low an

r-é these ploces {o develop a g'wen powen ( P=wWQH), ‘QHzcmsbanf

¢

;—9 and under low heads ,dl'Sf:hanJe showd be hiah we knowthat @

-3
-3
sd

“r

G.:.LKD“Z':)BVF

be increased bcj ]ncreasing the Flow Velac:t\y

n DlSCho.ztgc can o OPHM /

4 but this sesudds in h.l'ahev exit losses. there the suit

€
‘__? Lo decrease the numbeT OF Vanes, the nunneY opa kaplon urbin

4 copsist oF 4-6 blades.

e NN\
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.

" Y=0, In kaplan tunbine ,

Saluton.

———————— i R S N . .,

- ‘_____k_. “"m,_.:- R R ——————— : " :“ g
In kaplan tunbine Pluids enters axally and leoves axwﬂ Ir, ‘m[‘“
is ti ten, then ,_c h
Oh/ DO, is hub on bess diameter and Dy Is tip diometer,
the d:‘s:hqnae oF o kaplan tunbine is @ n’
NETRUCT.
m pre bo‘l’hs" y
' it u:ac 7 292 %
et N TS \j 4 leove® m
3
i
tip

Note: As the Flwid entens and leaves at the Same diameten fhme]:onc

s
2) Genmtw.y in kaplan tunbine Vg,= Ve,

8. A kaplan tuwtbine produces 25 Mw power under a head of 4om
the blade tip cliameter is 25 times hub diameter the overall eppiciency

is 90Y., Speed matio is 42, Flownako IS 0.6 calcware tip

dia., hub meter, Speed of the nunnen.

Given that
p=25MW
H= o m

Di: = 2.5 DH

Mo = 0.9 Uy

ku.‘: 2 \J29H ‘

Uiz Kulagy

* 2\,2"‘!'8| ¥*yo =5602 Mg,
= VF
o Vg = 0-6’ .

GARRGH R
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Covitation

0—’-

<
o

1"”

g

pyof Pus

__\ 0
, - /4 \//__i Isothermal
i Avd

o]
=

z
n

g

G448

T8

[[swre 1t peananlfs n o 900 2 e c,o”aps-mavo:?buﬂ

\ G pocket
‘ -

Righ pressune
Reau'o n

low pressune pockets

|

a;v,= 0,Vz

___4:. 0,7 aﬂ-
! So Vg/r
oo - a;'l vt P, at POH’U’@ Pe(PV.

o | . L neuqh @ conver n and
' considey the o L‘ct(wd pfowmﬂ th J a a

e under isothermal conditionS When +he l:q}.dd

dl'ue’l-a‘mj Passqa

_ Flows twough a <oV
: ton in area ic mone, then.the Reduction In presswi?al
T the redvc

enqing passage pressuwne decrease, ip
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1S f‘u‘sh

IS legs

The thomg's cavitation Factor is 8'Nen by (5)

P-=

i e

‘..-‘— -n.-a.'qb,.{
1t May So happen that at Some Section the pressuwre
than vapoun pressuwre. twhen the presswre is less than

v
Apoun Presswre, vapoun pockets ooe portmed,when these Vogpaen
Pockets e

Cavved to :r;eaion OF hjal-; pressune H"tEU CoLln.PSE.

and ;
e Sf-’wtovndjnﬁ wﬁh priesswre ”CL‘*;"' nushes SUddenU -
"'.h.is M ’
“Ealon (as shown in I-’i(?u.neJ this nesutts in huge noise and
Mechanjcay demQae this phenomenon is known as covitation.
t »
Cavitation is a low pressune phenomenon. In onder to

Vold cavitaton the figuid pressure must be 331:&&)1 than vapew®

pPressune’.

P- Py
Py®

2

-

: "
local pressune 4§ Py 1S Vapour pressur

Drnagt tube:

/} /.APF‘ﬂ

'

pbertn

Fa
+

| }

<1 - Tail Race |
: vy e
. .‘23:—- OIA‘J \‘_.-J 1) -; 1
= - 4 V3 L
%:qu-m Zoe2Z if, wd

"au.ujis equa:ﬁon bjw |_2 {3 sl b
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to-t2zE — +0

Pa Pasm ety V27 V3
N et i1 5 _

w w 23

» Dropt tube enables to Tnstau the tumbine above the tad nace

without SQOUFlona head.

exit
* With the Instouation op dmart tube, pnessuﬂeoj' the monner
is low , thus it |mpnove3 the ..epplclerﬁcy_

*Dvaet kube is ysed in Reaction tunbine, D neaction tunbine

| ' ' o less than
+ the priesswie decreases From mone thon atmospheruc t .

. atmospheruc.

"As the pnessure at the munney exit is low it may So happen

that this prnessune may Fal belownvqboun pressure and hence

. there is a chance of cavitation In neaction_tunbine at the Tunner

e — e —— —

I exit.

—— —

Note: Tn cerﬂmpuaa.l pumps cavitation occwrs gt the p.p.].e_b_e-F e:.fe, of
the impeller ox at the inlet to the pump. ! ‘

eFF-'.I'cienCJ oF dsapt tube: “ < depined as oPhe el
oF kinetic head info pressuwre head °

) jon
B to the Ftotal kinetic head aft

in the dxaft tub'e
‘the indet of d>apt tube -

' V.zz'_ V32J { — _Xa__ hF Nca]-
lor = (QJ ) 7 Vo? ected)

2
./2& n o o 857,

Wfffiﬁiiﬁéﬁﬁﬁi G4ddgds
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